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AALTO-1 – AN EXPERIMENTAL NANOSATELLITE FOR HYPERSPECTRAL REMOTE SENSING Jaan Praks1 , Antti Kestil¨a1 , Martti Hallikainen1 , Heikki Saari2 , Jarkko Antila2 , Pekka Janhunen3 , Rami Vainio4 1



Aalto University, School of Electrical Engineering, Department of Radio Science and Engineering P.O. Box 13000, FI-00076 AALTO, Finland, [email protected] 2 VTT Technical Research Centre of Finland, P.O. Box 1000, FI-02044 VTT, Finland 3 Finnish Meteorological Institute, P.O. Box 503, FI-00101 Helsinki, Finland 4 University of Helsinki, Department of Physics, P.O. Box 64, FI-00014 Helsinki, Finland ABSTRACT



In this paper we describe the Finnish Earth Observation nanosatallite project Aalto-1. The Aalto-1 is a 4 kg student satellite, based on CubeSat standards. The satellite is designed to carry the world’s smallest remote sensing imaging spectrometer for Earth Observation and several other payloads. Index Terms— Nanosatellite, Hyperspectral imager, CubeSat, Aalto-1, Remote Sensing 1. INTRODUCTION Modern miniature sensor technology allows to build smaller satellites for Earth Observation. The smaller size and standardized launcher integration reduces significantly the launch costs and development time. In addition, modern nanosatellites are moving towards interchangeable subsystems, which reduces development costs further and enables true space sensor network technologies in the future. To keep track with latest technology, Aalto University has initiated an Earth Observation nanosatellite project to demonstrate latest Finnish technology [1],[2]. The satellite, called Aalto-1, will be built mainly by university students in close cooperation with Finnish R&D institutions. The satellite has three payloads and the main payload is a miniature imaging spectrometer. The goal of the project is to demonstrate novel technologies for Earth Observation and develop the Space Technology education in Finland. The satellite project is coordinated by the Department of Radio Science and Engineering and supported by Aalto University Department of Automation and Systems Technology, Department of Communications and Networking and Department of Applied Mechanics. The main payload sensor technology is brought to the project by VTT Technical Research Centre of Finland and secondary payloads are developed by a consortium including the Finnish Meteorological Institute, Department of Physics of University of Helsinki, Department



Fig. 1. A sketch of the Aalto-1 satellite. The bottom side of the satellite contains the spectrometer lens, digital camera lens, S-band communication antenna and access port of the satellite. The satellite is covered by solar panels. of Physics and Astronomy and Department of Information Technology of University of Turku, Accelerator Laboratory of University of Jyv¨askyl¨a, Aboa Space Research Oy, Oxford Instruments Analytical Oy and other Finnish companies. This paper will present background studies and preliminary design of the satellite as well as plans for the next steps towards a successful mission. 2. THE SATELLITE The Aalto-1 satellite is based on the open CubeSat standard commonly used in university satellite projects [3]. The size of the satellite is approximately 34 cm x 10 cm x 10 cm and the mass less than 4 kg. The main payload of the satellite is a novel imaging spectrometer, developed by VTT Technical Research Centre of Finland. The main scientific goal of the mission is to demonstrate the feasibility of MEMS FabryP´erot spectrometers for space applications. This miniature



Fig. 2. Schematic view of satellite subsystem placement. technology could be used in nanosatellites for a large variety of remote sensing applications in the future. Aalto-1 is a multi-payload platform and other payloads include a radiation detector for charged particles, an electrostatic plasma brake, and a digital camera. The radiation detector is designed to make charged particle measurements and the electrostatic plasma brake is designed to be tested as a deorbiting device at the end of the mission. The satellite mission lifetime is planned to be 2 years. The platform is designed to have a full 3-axis attitude control and maneuver system, an efficient downlink for data transfer, a constant telemetry connection, and a bus for several subsystems. The satellite is designed for a sun-synchronous midday-midnight orbit, which provides optimal lighting conditions for the Earth Observation payload and favorable night conditions for the radiation detector. This orbit enables also sufficient solar cell-based power collection. This is important as the average power available will be 5.8 W, and 8 W at maximum [4]. The radio link for housekeeping, telemetry and command uses UHF/VHF amateur radio frequencies and for data transfer there is an efficient S-band downlink. The receiving and commanding ground segment in turn will naturally use these frequencies as well, but in the case of UHF/VHF, the satellite is planned to be accessible also through the international radio amateur community. The ground station will be located in Espoo, but cooperation with other universities is planned to allow the use of their respective ground stations in the framework of the GENSO network. The sketch of the satellite is presented in Figure 1 and placement of subsystems in Figure 2 No definite choice for a launcher has yet been made. The launch is scheduled for the end of year 2013.



3. PAYLOAD 3.1. Optical Spectrometer The main payload of the satellite is a novel highly miniature adjustable spectrometer developed by VTT Technical Research Centre of Finland [5]. The spectrometer is based on a tunable Fabry-P´erot interferometer. The spectrometer concept is based on either a microelectromechanical (MEMS) or piezo-actuated Fabry-P´erot Interferometer (FPI), and it is able to record 2D spatial images at one to three selected wavelength bands simultaneously. The interferometer consists basically of two highly reflecting surfaces separated by a tunable air gap. In order to collect data at more than one channel simultaneously, the multiple orders of the Fabry-P´erot Interferometer transmission function can be matched to the sensitivities of the normal CCD/CMOS image sensor channels, such as red, green and blue pixels of a Bayer pattern RGB sensor or a 3CCD system. There are two possible solutions for the spectrometer actuator design: A proven piezo-actuation and a more experimental MEMS design. The choice between these will be made in the near future. The effective aperture of the Fabry-P´erot interferometer on board Aalto-1 is likely to be around 2 to 5 mm in diameter. In terms of the overall size the MEMS interferometer is superior, but problems may yet arise when increasing the aperture size. If it becomes clear that the MEMS interferometer cannot be completed in time for the launch, the piezo-version will be used instead. The piezo-actuated adjustable spectral filter is presented in Figure 3 Even though similar instruments have been used on UAV (Unmanned Aerial Vehicle) platforms [6], it will still be challenging to take the technology to space. In the piezo-actuated version the interferometer is controlled in a closed capacitive feedback loop by three different piezo actuators. With these actuators the air gap can be adjusted from



Fig. 3. A piezo-actuated Fabry-Perot spectral filter used in UAV, produced by VTT Technical Research Centre of Finland. ca. 0.2 to 2 micrometers, with a spectral range from ca. 500 to 900 nanometers. Filter apertures of 7 or even 19 mm can be reached with the piezo-actuated FPI. This design has already flown on UAVs and it has worked well, reaching a spectral resolution of 7 to 10 nanometers. The MEMS version is based on a different concept, where the interferometer is a completely monolithic structure which has no discrete actuators: the second mirror is bent by an electrostatic force and thereby the air gap is adjusted. This design has not flown yet, but a design with a similar basic technology R has been used in Vaisala’s CARBOCAP sensor since 1997. Currently apertures of 0.5 to 2 mm with a wavelength range of 435 to 570 nanometers can be reached with the MEMS technology, but numbers are improving constantly and the spectral resolution is already equal to that of the piezo-actuated version. The MEMS technology is based on the use of dielectric Bragg mirrors, which provide excellent optical throughput but have limited spectral operational range, typically +/- 15 % around the center wavelength. So far VTT has used metallic mirrors in the piezo-actuated Fabry-P´erot interferometers, which provide a wide spectral range of 400 to 1000 nm but an optical transmission of only 25 to 35 %, thus reducing the optical throughput. However, Bragg mirrors can also be used in piezo-actuated devices, which makes the optical throughput of the two technologies equal. Some open issues include size and mass matching, vibration testing and producing filters good enough to compete with next generation remote sensing satellites. 3.2. Radiation Monitor The radiation monitor will consist of a sensor unit and electronics. The sensor unit has two detectors, one Si detector and one CsI(Tl) scintillator, allowing charged particles to be identified and their energies measured, by using the two de-



tector signals proportional to the ionisation energy losses of the incident particle in the detector. The nominal sensitive energy range of the detector is ≥ 60 keV for electrons and ≥ 1 MeV for protons, with spectral resolution extending up to ∼ 500 keV for electrons and ∼ 50 MeV for protons. Integral flux channels above these energies can be measured as well. The foreseen data products of the instrument are charged particle fluxes in about five (seven) energy channels for electrons (protons) with a 1-minute time resolution. With such data products, the LEO radiation environment can be mapped relatively completely. While the sensor unit of the monitor applies a rather conventional solution, the front-end electronics contain some novel solutions. Instead of using a conventional technique of analog detector readout electronics with extensive pulse shaping and peak-hold circuitry, the pre-amplifier signal is directly digitized with a very high sampling rate (10100 MHz). This digitized signal is processed with FPGA logic to produce the particle events hitting the sensor. These events are then counted in the correct flux channels. The advantage of this method over the conventional technique is that a much wider dynamic range of counting rates can be measured. Conventional solutions with similar sensor units [7] are limited to counting rates below some tens of kHz, whereas the new solution is expected to reach 1 MHz counting rates without saturation. This obviously has the advantage that meaningful statistics in the flux channels can be collected everywhere along the orbit, where the radiation environment is highly variable both spatially and as a function of time. The main objective of the radiation monitor experiment is to test the novel space radiation monitor readout electronics in space. A successful demonstration of the technique will benefit several new applications in radiation monitoring and charged particle detectors operated in dynamic environments. 3.3. Electrostatic Plasma Brake Electrostatic Plasma Brake [8] is a simple deorbiting device, based on the electric solar wind sail idea [9], [10]. A charged wire or tether in plasma will experience Coulomb drag from the plasma whenever the plasma is moving with respect to the tether. This fact can be utilised for efficient interplanetary spacecraft propulsion (so-called electric solar wind sail) as well as for braking down (deorbiting) LEO satellites [8]. The operating principle of Plasma Brake is explained in Figure 4. Aalto-1 will deploy a 10-100 m tether to test this proposition and possibly even to deorbit the satellite at end of the mission with this novel ’plasma brake’ mechanism. The payload will fit on one PCB and take about 10 x 10 x 1.5 cm of space, with a bit over 100 g of mass. A similar tether of most likely a 10 m length will fly in 2012 onboard an Estonian satellite ESTCube-1. For deploying the tether, the satellite must be spinning. Our hope is to run the tether in both negative and positive voltage modes, to test both types of Coulomb propulsion effects. The negative polarity mode is easier to imple-



5. CONCLUSIONS



Fig. 4. The functioning principle of the Plasma Brake deorbiting device. In Aalto-1, the tether will be stabilized by spinning instead of the gravity gradient, however.



ment in this case, because it only needs a voltage source and uses the satellite’s conducting body as the positive electrode. The positive polarity mode needs a miniaturised cold cathode electron gun now under development at Jyv¨askyl¨a University Accelerator Laboratory, while the tether is developed at the University of Helsinki Electronics Research Laboratory and the tether reel in DLR-Bremen, Germany. The mission experiment will be designed such that up to a 100 m tether can be used. For measuring the Coulomb drag effect, a 10 m tether is long enough, but for deorbiting Aalto-1 in a reasonable time, the tether’s length should be at least 100 m.



4. MISSION GOALS The Aalto-1 satellite mission has several goals, the most important of which is the demonstration of novel spectrometer technology for spaceborne Earth Observation applications. The spectrometer will be commissioned and operated over test sites on land and sea regions, and its performance will be analyzed. The measured high-spectral resolution images will be applied in water quality monitoring and land-use classification for performance testing. The gathered Earth Observation data and its initial processing, at the very least, is required in order for the scientific goals to be completed. In parallel with the spectrometer, other scientific instruments have their measurement and test programs as well. The radiation monitor will be operated on the night side of the orbit, and in the end of the mission the electrostatic plasma brake will be activated, slowing down and finally deorbiting the satellite in order to keep hazardous space junk at minimum. Additional goal include gathering experience of operating an Earth Observation satellite, as well as ground system. The project has also goals in education and public relations.
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