FEDSAT – FEDERATION SATELLITE
In 2001, the hundredth anniversary of modern Australia and the commencement of the new millennium, the first Australian scientific satellite mission for more than thirty years will be launched. Federation Satellite One (FedSat-1) will be a low cost microsatellite, conducting communications, space science, remote sensing and engineering experiments. The FedSat-1 mission will give Australian scientists and engineers valuable data about the space environment, as well as experience in space engineering and in practical applications of space technologies.

2. Orbit
As planned by the CRC partners, FedSat-1 will be a microsatellite of about 50 kg mass, in a low Earth orbit of approximately 1000 km altitude. The preferred orbital plane at this stage is a low inclination one, to promote inter-satellite and ground to ground communication using FedSat and the planned small satellite missions of neighbouring countries over the same time period.

3. Mission
The 5 principle missions of FedSat are: communications; space science; remote sensing; engineering research; and education/training, as shown below. The payloads will be developed by the venture partners.
Communications: test satellite- to -satellite communication; carry out experiments (with Nanyang University, Singapore, and others) in operating multi-satellite Low Earth Obit constellations; test Ka-band downlink; carry out digital signal processing experiments in multi-media data transmission, paging, remote area personal safety communications; relay of scientific data from Antarctica to Australia.

Space Science: NEWMAG experiment in solar-terrestrial physics, to measure electrical currents and perturbations in the Earth's magnetic field

Remote sensing: GPS occultation experiment for atmospheric sounding

Engineering research ("device qualification"): test of solar panel efficiency, new on-board processors, space qualification of GPS receiver.

Education and training: About a dozen professional staff in participating companies will, over the next 7 years (the development and operations period for FedSat), gain hands on experience in space missions. Several dozen graduate students, academics and research agency staff will gain hands-on experience in space technology and science, will help design and test payloads, and will take part in experiments and research based upon the operation of those payloads. This group will form the skilled resource base for follow-on space missions, for which the CRC will help develop a commercial market while also maintaining the public interest market. The CRC intends to support school projects based on FedSat, to help encourage education about space applications.

Ka-band is a relatively new area of high-frequency telecommunications technology with exciting possibilities. It offers the availability of wider bandwidths allowing faster data-transfer rates, not available using lower frequency bands. But because of its newness, and because of problems unique to that band, CRCSS engineers have many unusual problems to overcome. 

Keith Willey, engineering PhD student, part of the UTS team, says "The big problem with Ka-band is the high frequencies”. The higher the frequency you use, the smaller the beam width is for a particular size antenna." Because FedSat transmits less power than a small torch, it takes a big antenna (1.2 m) to receive its data. Since Ka-band gives a very narrow beam width, that big dish has to point very accurately. 
Another problem with Ka-band is signal interference. The signal fades, and experiences multipathing (reflections) at low elevation angles. This causes problems similar to ghosting on your TV. Even rain weakens it. "In commercial systems currently available," says Keith, "they use a much higher link margin; they give themselves extra power to overcome these things when they happen." FedSat's an experimental satellite, so "We haven't got that extra power." 
Normally in tracking if the signal drops off, it means the antenna's gone too far off target. But at Ka-band, fade-outs might mean that "... we've hit a cloud, or we've gone through a more humid part of the atmosphere, or there's some scintillation going on [winds in the upper atmosphere which distort the signal]." These must be separated from genuine signal loss due to pointing; the weak power and narrow beam width make this difficult. 
But there are some big benefits too. "As a general rule," said Keith, "the higher the frequency, the more bandwidth you can get. The reason is, let's say most electronic components have a workable range of 1% of their design frequencies; well, as you go up into Ka-band, because you're at 20-30 gigahertz, 1% is 200-300 megahertz, and that gives you a huge operating range of your components. So you have the ability to use higher bandwidths for your signal." Wider bandwidth means sending more data. "It's like having a wider freeway; instead of being limited to two lanes, we've got ten lanes. So you can transmit more, and that's one of your big advantages." 
Also, as the spectrum fills up, it's harder to get wide bandwidths at the lower frequencies (UHF, C-band, L-band). "As communications increase, we've got less and less spectrum available, and Ka-band's the next step," said Keith. 

Acquisition 
"The first thing we have to do is acquire the satellite when it comes over the horizon," said Keith. The main information the UTS team will use are Two Line Elements (TLEs), a matrix of data containing the six parameters needed to define an orbit. NORAD, the North American Aerospace Defence Command, create and publish on the Internet TLEs for all objects in near-earth space, down to about the size of a tennis ball. The TLE's are used in conjunction with an SGP (Simplified General Perturbation) orbital model to predict where and when to find objects, including FedSat. "There are other models available," said Keith, "but the advantage of using SGP and TLEs is that they're readily available, and the information is updated about every week." 
But TLEs can be inaccurate. "They're only guaranteed with 90% confidence to find the satellite within a 5 km radius. For FedSat that represents an error of about 0.36 degrees. Our tests have shown that it is possible to get much larger errors. But using a TLE does put us in the ball park. Plus there might be other positioning errors from setting up the portable Earth station further increasing the chances that FedSat won't be where we expect." 
The biggest error lies with environmental effects on the satellite. The sun and moon tug all satellites off course; this, combined with the Earth's irregular shape, means even a circular orbit will eventually degrade into a chaotic one [SpIN 70]. Unlike some other low Earth orbit satellites, FedSat has no station-keeping thrusters, so there's nothing to stop it drifting. FedSat will have an 800km orbit; at this altitude the primary orbital perturbation forces are due to atmospheric drag and the non-uniform mass of the Earth. As the satellite's orbital height decreases due to drag, so its orbital velocity increases, making it move faster across the sky. "There are also third order effects, like solar radiation pressure, but drag and the non-uniform mass of the Earth have the biggest effect on FedSat's orbit," said Keith. 
So, "when the satellite comes over the horizon, the very first time you set up your Earth station, you've got an idea where it is, but it's unlikely that you're going to pick up a signal straight away. So you move the antenna around until you find the satellite." 
Even under ideal circumstances, FedSat will be visible above the horizon for no more than 15 minutes; it could be far less, even as little as 30 seconds. Everything involving the satellite has to occur within that visible time, so the longer it takes to find means less communication time. 
How fast the UTS team finds it that first time will depend on the error. "If the TLEs are pretty accurate, we'll find it within a couple of seconds, depending on the weather." But the lower the elevation angle, the more attenuation because of the extra atmospheric thickness. "If it's a cloudy day, we might have to wait until it gets to a much higher elevation to actually pick up the satellite." FedSat has an innovative "isoflux" Ka-band antenna, which compensates by providing more power at low elevation angles. "But nothing's perfect," says Keith. 
Information from the first pass will go back into the orbital model, making the satellite easier to find on subsequent passes. The UTS team will use the NORAD TLE the first time, then generate their own, more accurate versions. Orbital perturbations aren't well modelled, so if observers didn't constantly update the orbital data, the satellites would soon be lost. 
Tracking 
Once you've found the satellite, the next step is to keep the antenna pointing right at it as it zooms across the sky. With FedSat, the narrow Ka-band beam-width means there's very small margin for error in tracking. Even slight deviations from dead-on will limit communications ability. 
It's even more complicated because normal tracking involves moving slightly off then back on the beam, to gauge where the signal is strongest. "We can only move such a small amount before we lose communications that there's really insufficient movement to get a good difference between the amplitudes, to determine the exact position of the satellite." The problem wouldn't occur so much at lower frequency bands. "If you were using say UHF frequencies to track FedSat, you would not suffer the same attenuation or narrow beamwidth problems. The pointing requirements for communications would not be as critical. The wider beam widths mean that you can tolerate a larger antenna pointing error, before effective communications are lost," said Keith. 
Commercial systems deal with this problem by giving the satellite enough power and sufficient beam width. This enables quality reception to be maintained by moving slightly ahead of and behind the satellite. But these options aren't available for Ka band communications with FedSat, needing a whole new Earth station concept. 
"I see this as a really useful part, probably an unexpected part of the project," says Keith. " We didn't envisage that we'd have to design a pedestal system. But I see it as a very interesting and useful part of our research and development. It may also have commercial applications for the CRC." 

FedSat pedestal & Earth station 
So FedSat presents special tracking problems. It will be transmitting at very low power, in a narrow beam, and moving quickly across the sky. It needs a relatively large dish that can move quickly in any direction, and accurately follow an orbital pass. Most conventional satellite dishes don't need so much agility; those dishes either point at geostationary satellites, which hardly move relative to the ground, or they point at satellites with much wider beam widths. 
Most satellite dishes employ "azimuth over elevation" movement; one motor moves the antenna 360 degrees around the horizon, and another points it between horizontal and vertical. But this design cannot track a satellite directly overhead; it must spin around and re-acquire zenith passes on the way down. That's okay for wide-beam satellites, but for FedSat would cause critical delays. 
The UTS ground station employs a newer and more agile design. "It has an X-Y axis forming a cross," says Keith. This can accurately and quickly move the dish in all directions. 
And since the use of the Ka-band is relatively new, suitable components are not yet widely available. So the UTS team have to build much of the equipment themselves. "The biggest thing we're manufacturing is the pedestal itself to move the antenna; this includes the algorithms to control its movement and the required signal processing," says Keith. 
"To get a pedestal capable of overhead passes and which could keep up with FedSat is quite expensive," says Keith. " Suitable commercially available pedestals alone begin at $100,000. Our whole Earth station is going to cost about that, including all the electronics, the antenna, the signal processing, everything. So all up, to commercially buy what we're building here, I think you wouldn't get much change out of half a million dollars, maybe more." 
One of the main goals of the UTS project is a transportable Ka-band Earth station capable of being set up anywhere. Ka-band components are small because of the high frequency, so the prototype Earth station, including the Ka-band antenna, would easily fit inside a utility vehicle tray. As more Ka-band manufacturers come on-line, subsequent units will be even smaller. Certain off-the-shelf components can be eliminated, in favour of smaller, better integrated products which include several components in the one box. 
Applications 
But what can all this bandwidth actually do? "We'd really like to communicate at a minimum of a 128 kilobits per second, which gives us the equivalent of 2 ISDN lines," each of which is 64 kbits/sec, said Keith. "Which means it'd be possible to have say a videoconference between Earth stations in different locations. Obviously, both stations would have to see the satellite at the same time." 
There are two modes of operation. The regenerative mode uses an on-board computer to process the signal then re-transmit it. "Now that gives you extra capacity to send data because it takes out some of the transmission errors." This should give transfer rates of 250 kbits/sec. But signal relay without reprocessing, called bent-pipe mode because the signal goes from the ground to the satellite and down again, should give rates of 128 kbit/sec. This is still more than twice as fast as the fastest modems available in 1999. 
An Earth station capable of being set up nearly anywhere gives unprecedented remote-area communications capability. FedSat's processor can hold a message, then relay it later (called store-and-forward). "We might, for instance, want to stick one out in the middle of Australia, so doctors in remote areas can uplink particular data, or information, or even X-ray images; then it can go to a main centre where specialists look at it and make a decision. And when the satellite comes over again, these people download the information they want. So they're the sort of things we're developing, and fast acquisition's imperative to that." 
One of the huge advantages of this system is its autonomy. Some satellite communications or tracking systems require a phone line or Internet connection to provide tracking data. "We might, in the long run, want to market these technologies. They might want to use it in the highlands of New Guinea, where it's difficult to get a telephone line." Needing Internet or phone lines for a ground station is a limitation in remote-area uses, plus those connections already provide many communications options. "We want to have a system that can be self-contained, stuck out in the middle of nowhere, and go for it." 


The CRCSS is a leader in this field due to the necessity of Australian conditions and distances.  But the CRCSS is also able to investigate other Ka-band problems. "One big plus for us in Sydney, is we've got the ability to do Ka-band studies in a real urban environment. We've got water," he gestures towards his 23rd-floor window, and panoramic harbour view, "which gives us reflections. We've got bridges, we've got buildings. So as a stage two part of our process, after FedSat's launched, we think there's a lot of research to be done in overcoming multipathing in urban environments." These reflections cause problems in tracking Ka-band satellites in cities. There'll be plenty of further research to do, "and we're ideally located to do that." 
The research work of UTS and their CSIRO colleagues puts the CRCSS at the forefront of Ka-band communications technology. FedSat will be among the first demonstrations of high-capacity, low power, low Earth orbit satellite Ka-band systems. Later, similar Earth stations will enable people in remote areas, all over the world, to quickly transfer life-saving or other vital information, without requiring any other infrastructure. 
Australian research will be making a big difference to people's lives. 

