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[bookmark: _Toc321388775]Comtech AeroAstro
[bookmark: _Toc321388776]Comtech Mobile Data Communications
Brice Niska (brice.niska@aeroastro.com, (703) 203-9037)

Abstract: Pioneering microsatellites and their applications for 24 years delivering complete space systems, components, and mission services. CAA is a proven premier supplier of rapid responsive microsatellite technologies. Our successful STPSat-1 & 2 busses proved our innovative low cost manufacturing & rapidly reconfigurable vehicles supporting a variety of payload types. CAA Spacecraft are designed for robust payload interfacing
Mobile Data Communications (movement/storage/timeliness/robust pathways) provides integrated solutions enabling global satellite-based comms when mobile, real-time, secure transmission is required. CMDC provides mobile data connectivity solutions to government & commercial customers; a High-reliability network employs full end-to-end redundancy & backup capability to minimize service interruption, maintaining 24 × 7 support center; Advanced product suite includes high gain transceivers for SATCOM-on-the-Move, fixed earth station equipment, adaptive interference cancellation, low power LPI/LPD waveforms & networking software applications  
Comtech SeeMe Solution:  Over-the horizon taskable, versatile satellite bus accommodates various payloads for mission flexibility including high resolution imagery (objective of video), comms and troop support. Trades include: color depth, resolution, size, downlink, bit-rate, image video storage, data tagging, metadata, BFT & WIN-T tasking. Communications solution includes high speed 5-100 Mbps, OFDM, Multi-mode for various scenarios & terminals, Multi-mode data rate for jamming immunity & cognitive support, narrow spot, directional beam for LPI/LPD properties



[bookmark: _Toc321388777]Creare
[bookmark: _Toc321388778]Advanced Technologies for Micro- and Nano-Satellites
Robert J. Kline-Schoder (rjk@creare.com, (603) 643-3800), 
Odile H. Clavier (ohc@creare.com, (603) 643-3800), Paul H. Sorensen

Abstract: Creare has been developing sensors and actuators for small satellites under the support of the DOD and NASA SBIR programs and has built up significant capabilities in this area. In particular, we have developed: (1) a small star tracker that fits within less than a 1U CubeSat and has accuracy of approximately 5 arc-sec; (2) small, high-speed reaction wheels and control moment gyroscopes that can provide high accuracy pointing control for CubeSat-class satellites; (3) a miniature nano-g accelerometer to measure orbital drag and cross-wind effects on a CubeSat (10 nano-g noise floor at 1 Hz), and which can be used in precise formation-forming constellations of small satellites; (4) advanced techniques for calibrating magnetometers on the ground and in space to enable very accurate (less than 10 nT) measurement of the Earth's magnetic field and perturbations; (5) heat pipe and thermal management system designs to maintain small- and nano-satellite temperature; and (6) the design of an imaging telescope (based on the demonstrated star tracker optics) that fits within less than 1U of a CubeSat and that can provide 1-10 m resolution images of the ground from a 150 km altitude orbit. All of these technologies build on Creare's 20 years of experience in supporting space programs for NASA and the DOD (such as our cryogenic refrigerator on the Hubble Space Telescope and miniature vacuum pumps on the Mars Science Laboratory mission recently launched). Our poster will highlight some of these technologies and demonstrate how they can be integrated to support the SeeMe program.
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[bookmark: _Toc321388780]Propulsion Accoutrements for Cubesats
Bogdan Udrea, Po-Hao Adam Huang, John Slane (slane.john@gmail.com, (719) 322-1832), 
Matthew Wolfson (wolfsonm89@gmail.com, (414) 534-5911)

Abstract: Propulsion Accoutrements for Cubesats (PACu) is a proposed method of primary propulsion for Cubesat applications. PACu employs a liquid gas propellant stored in a specially designed propellant tank manufactured using selective laser sintering allowing for greater complexity. A bellows system is utilized to pressurize the liquid propellant that reduces energy requirements and more efficiently manages volume. This system supports both an orbital maneuvering thruster and reaction control thrusters, ensuring orbital change and attitude control capabilities. PACu allows for not only satellite control, but formation flying as well. While initially designed for Cubesats, the objective of this propulsion system is adaptability to any small satellite. This is achieved through rapid production of components primarily through additive manufacturing which reduces cost and fabrication time.
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[bookmark: _Toc321388782]Microcathode Arc Thruster for Nanosatellites
Michael Keidar (keidar@gwu.edu , (202) 994-6929), Taisen Zhuang, Samudra Haque, Alexey Shashurin and Kirk Woellert (kdwoell@gmail.com, (202) 994-6749)

Abstract:  Micropropulsion and Nanotechnology Laboratory at the George Washington University develops micro-cathode arc thruster (µCAT) for power and mass limited nanosatellites. The operation of the µCAT relies on the natural expansion of an arc plasma jet into vacuum. The application of a magnetic field also leads to retrograde azimuthal cathode spot motion, leading to uniform cathode erosion. The spring pushes the cathode into the ceramic insulator as the cathode erodes, providing a robust, stable, long-life propellant feed mechanism for the thruster. Since the plasma created in the arc-spot is fully ionized, the efficiency of this micro-thruster is significantly better than a gas-filled microthruster, where the plasma jet is only weakly ionized. Additionally, the solid propellant storage does not need propellant tanks and mass flow control system typically needed by a gas-fed system.Additional advantages of the µCAT technology are: Long operational life limited only by the amount of solid propellant; lower energy consumption per mass ionized, due to the low ionization potential of metals , high ionization degree (~100 %) in the cathode spot, low power consumption (average power <0.5 W), reduced integration concerns due to large choice of propellant (any conducting material).


[bookmark: _Toc321388783]GMV USA
[bookmark: _Toc321388784]Customizable COTS Mission Planning and Scheduling
Theresa Beech (tbeech@usa.gmv.com, (240) 403-0185) and Julia MacDonough (jmacdonough@usa.gmv.com, (240) 403-0185)

Abstract:  GMV USA offers a customizable, COTS-based ground software planning and scheduling capability that enables low-cost, operational, integrated, multi-mission, multiple ISR planning and scheduling of space, air, and ground assets to collect and provide useful on-demand imaging information directly to the warfighter in the field. For the SeeMe program, GMV USA will leverage its operationally-proven COTS product for mission planning and scheduling to provide a real-time planning and scheduling tool capable of event-driven optimization and dynamic re-tasking of space-based assets and ground resources, including existing fielded communications systems and handheld platforms. The GMV USA planning and scheduling tool for SeeMe offers: 1) Low cost and Low Risk, 2) Dynamic, near real-time rescheduling based on manual user input or in response to automated feed-back, 3) Real-time Planning & Scheduling feedback capabilities to optimize collection opportunities, 4) Optimized target access, 5) Flexibility and Expandability to accommodate evolving satellite constellation and ground networks, 6) Service Oriented Architecture (SOA) for easy integration with existing networks and infrastructure.


[bookmark: _Toc321388785]L-3 Communications
[bookmark: _Toc321388786]Cadet: A High Data Rate Software Defined Radio for Cubesat Applications
Dr. Charles Swenson, Kevin Hyer (Kevin.L.Hyer@L-3Com.com, (801) 647-5736), Ed Kneller (Edward.W.Kneller@l-3Com.com, (801) 792-5273), David K. Jones

Abstract: For more than a decade, nanosatellites have been meeting mission objectives for small R&D efforts due to their low cost and flexible launch architecture. Budget-constrained organizations have made use of low-cost bus components, off-the-shelf sensors, and the Poly-PicoSatellite Orbital Deployer (P-POD) deployer, to place payloads in orbit, producing significant results. As the technology matures and the community gains traction, the government and private sectors are showing more interest in nanosatellites for a wider range of missions. Mission planners are discovering that even basic sensors are generating significant amounts of data, and that current low-bandwidth downlinks are often not sufficient to meet mission objectives. Additionally, nanosatellite missions developed by the US Government often require encrypted telemetry. In answer to these emerging mission needs, L-3 Communications, in conjunction with Utah State University – Space Dynamics Laboratory, developed the Cadet Radio as part of the NSF-funded DICE space weather program. The Cadet Radio was designed to be a very low SWAP software defined radio, fully compatible with the CubeSat Design Specification. Because Cadet is software programmable it is capable of receiving firmware updates on-orbit to configure it for new waveforms to meet emerging mission needs after launch. The Cadet Radio is currently down-linking mission data at 3 Mbps to the NASA Wallops Island ground station from both satellites. This paper presents initial results from the on-orbit operations of the Cadet radio. The paper also presents potential future CubeSat mission needs such as direct downlink of full-motion video into theater that can be met by upgrades to the current Cadet radio.


[bookmark: _Toc321388787]Magna Parva Ltd.
[bookmark: _Toc321388788]FLATPACKSAT: A Radical Shift in Spacecraft Manufacturing and Assembly
Andrew Bowyer (Andy.bowyer@magnaparva.com, +44 (116) 289-6485)

Abstract: FLATPACKSAT provides a paradigm shift in the way spacecraft are manufactured by using a modular "flat-pack" approach to satellite manufacture. FLATPACKSAT uses pre-qualified assemblies/components that can be assembled in a variety of ways to allow the rapid and low-cost manufacture of satellites. The flat-pack approach does away with the conventional design, assembly and integration processes and replaces it by rapid, modular designs that can be assembled to produce spacecraft that do not require complex assembly and integration procedures. Both time to manufacture and cost are greatly reduced. The basis of FLATPACKSAT are spacecraft panels and structures produced by pultrusion technology which is able to generate a range of structures quickly and easily. Uniquely, pultrusion is able to build in wiring, heat pipes and even sensors into the panel during manufacture, thus there is no wiring harness to be developed or integrated. A standard set of panels which are reconfigurable in a number of ways provides flexibility in design. These panels can be quickly manufactured using already produced dies and components thus enabling rapid development of a range of designs. Panels can be quickly and easily mechanically joined using a standardised interface. Power is routed through the panel to appropriate connectors where the spacecraft systems and payload can be "plugged-in". The FLATPACKSAT concept thus allows either a complete "flat-pack" spacecraft to be assembled or for individual components to be used on more conventional spacecraft. FLATPACKSAT allows customisation of spacecraft without incurring the development time and costs necessary in traditional designs.


[bookmark: _Toc321388789]Princeton Satellite Systems
[bookmark: _Toc321388790]Technologies for Satellite Clusters
Stephanie Thomas (sjthomas@psatellite.com, (609) 275-9606) and Michael Paluszek (map@psatellite.com, (609) 275-9606)

Abstract: Princeton Satellite Systems (PSS) has multiple technologies that are directly applicable to the SeeMe mission. This mission will require small satellites that can coordinate their orbits and point precisely at the ground for imaging. PSS developed the collision avoidance system that is currently flying on the PRISMA rendezvous robots experiment. This system is used to control the orbit of the active spacecraft whenever experiments are not underway. The Swedish Space Corporation has stated the system has performed "flawlessly." This system is one of a several formation flying and cluster control systems that Princeton Satellite Systems has developed. PSS developed the Integrated Communications and Optical Navigation System (ICONS) under a NASA SBIR. It has dual articulated telescopes each with an imaging chip, laser and laser receiver. The telescopes are used for navigation and for attitude determination. The laser system is used for short-range optical communications. The integrated package is 6 inches cubed. For attitude control, PSS has developed an air coil torquer, for momentum unloading and coarse attitude control, and is developing a new reaction wheel for precision control. The reaction wheel improves low speed torque tracking and reduces jitter for better pointing accuracy. PSS has MATLAB toolboxes and standalone simulations that currently being used for multi-vehicle simulations. These include attitude and orbit control systems for a wide variety of missions and are used to support our DoD, NASA and commercial contracts. The software products are currently available for purchase, including the Formation Flying Module for the Spacecraft Control Toolbox.
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[bookmark: _Toc321388792]Pumpkin Space Systems’ CubeSat Kit™ COTS Spacecraft and MISC – Miniature Imaging Space Craft Low Cost LEO Satellites
Rob Call (Rob@PumpkinInc.com, (415) 385-4370)

Abstract: Pumpkin, the creator of the industry leading CubeSat Kit ™ (CSK) as well as the first Colony-class spacecraft buses, offers spaceflight proven solutions for low-cost LEO missions. Pumpkin designs and builds satellite systems, as well as complete spacecraft, for numerous government agencies and private customers. Pumpkin's modular, adaptable CSK spacecraft bus is in use at a wide variety of government labs and is compatible with the largest library of flight software and third-party components for CubeSats. Pumpkin has provided COTS spacecraft buses for LEO missions such as the NRL's QbX (“Space Dart”) missions. Deployed solar arrays, as well as the CSK bus with Pluggable Processor Modules (PPMs) have flown on university and industry missions such as the joint USC-ISI/Northrop Grumman CAERUS/Mayflower mission. Pumpkin CubeSat systems have also flown on larger classes of spacecraft. Pumpkin's paper at SmallSat 2008, entitled, “MISC (Miniature Imaging Space Craft) foresaw high temporal resolution imaging from low cost LEO spacecraft. Pumpkin has extensive experience building optics and imaging systems scaled for CubeSats. Pumpkin has partnered effectively on government funded space programs, including SBIRs, with a variety of companies and universities. Contact : Rob Call Rob@PumpkinInc.com President: Andrew E. Kalman, PhD


[bookmark: _Toc321388793]Science and Technology Facilities Council
[bookmark: _Toc321388794]Using Deployable Optics to Deliver Cost Effective High Resolution Imaging from a CubeSat Platform
Ian Bryson (ian.bryson@stfc.ac.uk, +44 (131) 668-8238), Craig Clark (Clyde Space Ltd), Bob Dagleish (Roke Manor Research Ltd), Gareth Owen (SciSys Ltd), Shane Duncan (RAL Space, STFC)

Abstract: Like this DARPA programme, the UK Ministry of Defence are interested in developing cost effective options in the area of battlefield Intelligence, Surveillance and Reconnaissance (ISR). Under the Gioconda banner, we are a small consortium of innovative UK organisations with space and defence related experience and all the skills needed to design complete CubeSat based solutions including spacecraft, payload, and secure data downlink/ground systems. We already have one contract in place with the MOD for a CubeSat based ISR solution and are in line to start breadboarding work on a High Resolution Optical Imager based around the use of lightweight deployable active optics to generate GSDs of order 1m depending on altitude. From previous feasibility work we have a very clear understanding of the technical challenges and a detailed roadmap to implementation as an in-orbit demonstration.
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[bookmark: _Toc321388796]Nano/Microsatellite Systems Analysis and Air Launch Expertise
Dominic DePasquale (dominic.depasquale@sei.aero, (202) 503-1753) and A.C. Charania (ac@sei.aero, (202) 503-1752)

Abstract: SpaceWorks Enterprises, Inc. (SEI) is an aerospace engineering consultancy focused on the development of next generation space systems. SEI's expertise spans the entire range of space applications from launch vehicles to spacecraft to human exploration systems, with specialty expertise in the injection of advanced technologies and processes into those systems. The firm has completed projects for NASA, the U.S. Air Force, DARPA, large aerospace prime contractors, and the emerging field of smaller aerospace ventures. The firm has experience in directly founding multiple entrepreneurial space startups. SpaceWorks utilizes more than fifty in-house computational tools and simulations for a variety of services including mission design, technical performance assessment, aerodynamic analysis, CAD, propulsion systems analysis, structural analysis, thermal systems analysis, CFD, life cycle cost assessment, reliability and safety analysis, operations simulation, business case assessment, and computer illustration/animation. SpaceWorks has experience in design, analysis, and technical/business development of nano and microsatellite systems using novel technologies. The firm also has more than a decade of experience in engineering and business analysis related to air-launch/horizontal launch systems.
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[bookmark: _Toc321388798]High Speed Cameras & Other Advanced Sensors for Satellites
Winston Sun and Amish Parashar (aparashar@tripleringtech.com, (510) 240-1527)

Abstract: This poster describes capabilities and experiences with satellite sensor systems including high speed cameras and other sensors outside of the visible band. Triple Ring Technologies is a private research and development laboratory headquartered based in Silicon Valley. Past and current efforts include ultra high-speed image reconstruction (including proprietary algorithm development), x-ray photon counting detectors (x00,000 fps capture rates), novel x-ray sources, sensor development, medical devices and equipment, spectroscopy, and more. Building on expertise in wireless communications, high-speed medical imaging, x-ray physics, FPGA design, medical disposables, and advanced optics, Triple Ring is able to fulfill demanding simulation, core technology creation, systems engineering, test, and delivery requirements. Modular microsatellites which build on years of technology development interest are of great interest. As cost-effective processing becomes ubiquitous (e.g. the power of a common smartphone), as camera components are produced en-masse (e.g. the cost of the sensor in a $100 consumer point and shoot), and satellite architectures allow for plug-and-play functionality with a variety of pre-made sub-systems, we a poised for a major shift – the age of small, easily launched, disposable satellites. We hope to share some of our recent experiences, technology development efforts, and great interest in this space.
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these six words will revolutionize telecommunications:

softare defined phased array microsatellite radio




image4.jpeg
Software Defined Radio (SDR) performs
carrier wave modulation digitally, saving
the cost of filters and electronics. Phased
arrays (or beamforming) is wused in
everything from vehicle radar to 4G
cellphone towers. Combining the two
allows for two separate targets to share
the same frequency in a process called
Spatial Multiplexing (SM).

Brinton Engineering will implement this
on a low cost, low power, lightweight
FPGA (with MMIC frontend). A cluster of
LEO satellites with these radios can
provide ground stations with ubiquitous

and continuous coverage, moving the ISP
domain from submarine and terrestrial
cables to a competitive spacebased
system!
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Why is it cheap?

Traditional telecom satellites are based in geosyncronous
earth orbit (GEO) for continuity of service. Because of the
distance (36,000km) even high gain tennas have a very
large terrestrial footprint, thus requiring a lot of power
making them heavy. Heavy satellites to GEO are expensive
to launch. The Vave Microsatellite™ operates in low earth
orbit (LEO) and has a very high gain. Not requiring 1)
continuity of service or 2) high power transmitters makes a
fleet of telecommunication satellites very cheap.

Why is it hard?

Designing a software defined phased array microsatellite
radio is not easy. Brinton Engineering has a unique
combination of in-house PCB fab and assembly prototyping
and testing capability along with FGPA design, radiation
harding, guidance/navigation/controls (GNC), computer
networking and launch vehicle experience. Additionally,
we've designed proven flight hardware for a number of
launch vehicles, satellites and ground systems.
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An Advanced Engine: Lab in Menlo Park, CA
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Hardware Designs For: - Avionics Board / System Design
- RF Engineering
Ventions - High Re ity / Redundancy
Space Exploration Technologies - Vehicle Power Systems
Xcor Aerospace - Avionics Hardware Qualification
Halcyon Molecular - Embedded Systems
Robotex - Firmware / Software
- Ground Systems / Telemetry

ITAR controlled - class 1000 cleanroom - on-site environmental testing
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BRINTON ENGINEERING INTRODUCES...
THE VAVE MICROSATELLITE™

- 128-element 5.8GHz phased array
- OFDM 18Mbit/s @ 60dBi !

- private channel

- small ground spot

- no attitude control necessary
- 60 independent spatially-

multiplexed beams

- 1.0Gbit/s bandwidth per satellite
- 3.0Gbit/s backhaul satellite-satellite
- Unit cost < $25k/1k
- LEO communications
- cluster for ubiquitous networking





