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SAiSAT a journey into tomorrow
Introduction
The Southern Africa Amateur Radio Satellite Association  (SA AMSAT)  which is affiliated to other AMSAT groups around the world is proposing an exciting satellite project and is inviting the participation of South African Universities  and Universities of Technology in the development and construction of a  completely South African Amateur Radio experimental satellite.

The objective of this satellite is to demonstrate South Africa’s ability to engineer a satellite, employing the latest technology, and new innovations. In addition to some feasibility projects for future commercial use.

The aim of the project is to contribute to propelling South Africa into a world position as a technology resource. 

The name SAiSAT has been taken from the name imagination satellite, which was an earlier project to promote the concept of a South African Amateur Radio Satellite
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 Project Manager John Williscroft ZS6EF Email: iesupport@lantic.net 
Satellite Description
The proposed satellite is based on the CubeSat satellite. The original CubeSat concept came about through a partnership between the California Polytechnique University in San Luis Obispo and Stanford University in Palo Alto, USA.  Engineers at the two universities set out to develop a standardised space platform for academic satellite projects. It has since grown to become an international partnership of over 40 institutes that are developing Pico satellites containing scientific and amateur radio communication payloads.

With this many institutes participating in the CubeSat programme, the educational benefits are extensive. Students, through hands on work, are given the opportunity to develop the necessary skills and experience needed to succeed in industry after graduation. This principal was clearly illustrated by the successful development, construction and launch of SunSat by students and staff at the Stellenbosch University. The project delivered engineers who were snapped up by industry in South Africa and lead to the formation of SunSpace, the company that built SumbandilaSat in record time.

The CubeSat programme will also benefit enterprise and government by providing a low-cost way of flying payloads in space all while creating important educational opportunities for future leaders of industry.

 

A standard CubeSat is a 10 cm cube with a mass of up to 1 kg. In recent times larger Pico satellites have been developed which are 2 or 3 CubeSat stacked on top of each other, referred as 2Uand 3U CubeSats.  

The reason for this decision to go the CubeSat route has only one dimension- financial. Launch opportunities are available at reasonable cost. The decision has attached many restrictions including a very low power budget, very little space ~ 100mm square inside the cube, low weight specification, and the lack of opportunity for a platform stability system.

SAiSAT overcomes these problems while still complying with the mechanical specification of the CubeSat taking advantage of available launch opportunities and still support many projects on board.

The way we overcome these restrictions and take advantage of the low cost launches demonstrates South Africa’s ingenuity in technology.

SAiSAT uses fold out panel a total of 24 in all that support solar panel steering in order to capture the maximum energy available from the sun. The rear of the solar panels is free for project use. We have the potential to house 24 projects depending on size. In addition the centre core of the Cube is still available for a large battery component. The power budget is to be evaluated but seems to indicate that a 12VDC 16 Ah supply can be accommodated which is very considerable for a small satellite.

It is further proposed that the outer rim of each panel is fitted with pcb tracks in the form of a coil. The fitted coils will have 4 main functions.

1. To generate additional power from the Earth’s magnetic field. 

2. To torque stabilise the satellite against the Earths magnetic field. 

3. To give orientation data to resolve the attitude of the satellite.
4. Take additional unused power from the batteries and elevate the 

    satellite into an every increasing orbit thus extending its usefulness and 
    life.

The solar panel frame consists of conductors that fold out into a frame when deployed. These conductors run along each side of each set of 4 solar panel sets forming antennas. There are 12 antennas in total.

Each conductor has been dimensioned to resonate at the satellite radio frequency and form a very useful array that can be steered electronically to perform the following functions:
· Provide a steerable antenna array with gain, thus reducing the necessary radio frequency power needed to maintain contact with earth. This allows the satellite to maintain its attitude and ideal project position use while steering the antenna to earth removing the necessity for reorientation of the satellite.

· To provide a radio Doppler system on board so the satellite can confirm and report position, and supply the radial of interfering emissions.

· Provide a vital radio redundancy feature from antenna failure.

· Provide static charge data.

· Provide residual atmospheric density readings

The mechanical arrangement proposed provides facilities to fold in the solar panels to provide protection from overheating excessive low temperatures or particle bombardment.

The satellite will go through the normal quality standards procedures and each project will be involved with the OFF satellite integration and finally the ON satellite integration.

Projects

The following is a list and description of each of the SAiSAT projects. This list is intended to be scrutinised by prospective educational institutions which may wish to join our endeavour to place South African on the technological map.

Additional experiments or projects will be considered.

Note these projects are presented here as an outline and no strict guidelines will be enforced.  The SAiSAT  project team is promoting  room for ingenuity and suggestions will be most welcome.

Project A SAiSAT LED Light Source Project

This project is very important to the originators of the SAiSAT as it must experience the newly found phenomena of photon coincidence.

The objective of the project is to provide a platform to prove the following.

A confirmation of photon coincidence by impressing data on the led light sources so that hard evidence can be supplied to the world that coincidence exists and South Africa is the first country in the world to use it for communication purposes over long distances.

Investigation into the emission and colour required for learners at schools around the country to see the satellite as it passes overhead.

Investigate the technique that will demonstrate the colour change i.e.  Doppler effect so that it can be demonstrated to schools by noting the change in colour.

The led management system will have to be designed and configured on a individual microprocessor before being placed into the house keeping microprocessor at the time OFF satellite integration and at  ON board integration stage.  The led’s have been provisionally  placed at the tips of each solar stack but other position can be considered
Project B SAiSAT Digital Radio Repeater Project.

This project is to produce a single frequency high speed store and forward system radio (Parrot) that has no discernable delay in use. The system on the satellite should interface with a normal FM transceiver on the ground so that the maximum number of people can utilise the system with no equipment change. Other forms of modulation could be considered.

Taking advantage of high speed data switching on board the satellite will lead to the several advantages including lower power budget, thus allowing the radio to be used during its complete orbit. This is necessary to provide access to SAiSAT  around the world. 
The single frequency configuration reduces the amount of hardware in the system by not needing isolation circuitry. The high speed store and forward reduces the memory size and contributes to the flexibility of the system. 

Candidates will need to evaluate the advantages of several systems and choose the ideal for this application. If equipment is available that can be modified then this should be used, otherwise complete construction of the repeater may be found necessary. The above configuration has commercial value, and the university is at liberty to exploit the projects potential.

Project C. SAiSAT   Magnetic System Control

The system must be designed to use the coils situated around the solar panels, 24 in total.

Detection of spin and the algorithms for spin techniques must be developed.

The torque method must be evaluated and designed to stabilise the satellite or maintain a required spin rate.

Integrated with the spin reduction must be a system that makes use of the energy available from the earth’s magnetic field when the satellite is spinning.
A technique of using the excess battery power to elevate the satellite away from the earth in an attempt to increase the satellites orbit is required.

The magnetic system control will have to be designed and configured on a individual microprocessor before being placed into the housekeeping microprocessor at the time of ON board integration.  

Project D SAiSAT  Radio Frequency Altimeter

A radio frequency altimeter is required to measure the height above the surface of the earth accurately.  The unit can evaluate the distance by any of the commercial ways but a unique design is required for space use and to incorporate the following requirements.

Orbit parameters to be evaluated an data downloaded so that the data is available to the science industry, and data can be provided to space scientists and their projects.

A resolution of 10 metres is needed to help with the exercise in magnetic evaluation.

In addition the data is required on I2C bus for use by the Commercial projects.

Antenna will be provided when the frequency of use has been determined.

Project E SAiSAT  Housekeeping and Control Microprocessor 

Firmware development project to control all parameters of the satellite 
Due regard should be given to the particle bombardment encountered in space. Two processors are required to run in parallel and a third to evaluate microprocessor validity. 
Additional J TAG or other boundary systems should be in place on all devices.

Each microprocessor should have a separate power supply that auto isolates and retries by the third device. 

The scope exists to improve on this system so that a mean time before failure figure of 100 000 hours minimum can be reached for the housekeeping control unit.

· The housekeeping functions are as follows:
· Define the radio command system, protocol and specific commands.

· Allocate from received radio data the time allocation and schedule for each device.

· Battery management system including charge and discharge logging and control
· Monitor current, and then generate a fault handling procedure for each device.

· Automatic recovery procedure for each project defined from each projects controls.

· Allocate from received data specific special tasks as defined in the radio commands.

· Satellite instability recovery procedure
· Array deployment control
Each microprocessor in the project portfolio must be able to be reprogrammed at low 
level from the housekeeping microprocessors.

The Housekeeping microprocessor must cold start to radio reprogramming at low level.

Project F SAiSAT    Antenna Control Unit

The antenna control unit must perform the following tasks.

Tune and control reflective power on all antennas over the specified frequency range

Isolate any defective antenna and in addition isolate active antenna when not contributing.

Set up antenna switching for Doppler direction finding.  This forms part of an evaluation for industry project that may well have a separate 
receiver when negotiations are complete.

Redirect antenna for static experiments.

Redirect antenna for speed and ionisation tests.

Do self activating antenna tests. 

Project G. SAiSAT   Solar panel Control Units
Against overall specific demands of the housekeeping micro controller the solar control 
unit must achieve the following:
Detect radiation bombardment and instruct the housekeeping microprocessors on action taken.

Receive instructions on charge rates required and close down instructions.

Control solar panel deployment and fold away tasks.

Control solar panel aiming tasks.

Control Isolation tasks when in shadow at night or when damaged.

The unit must be able to low level reprogram from the House keeping microprocessors.

Temperature monitoring of the solar panels must be maintained and provision made 
to self heat panels if they go below temperature specifications.

Project H SAiSAT   Store and Forward Camera 

It is proposed that a camera be placed on SAiSAT, this is specified as follows.

Resolution to be specified so as to make the camera useful
A time and attitude feature must be detailed so that a single frame is grabbed and forwarded for download.

Lock out (no operation) must be provided against global position for some countries.

The data for each picture can be high resolution and will be forwarded to earth via a radio system to be specified.

Complete freedom is given on the specification of this device.

Project I  SAiSAT DSSS transceiver.

Complete design of a DSSS transceiver on a separate frequency spectrum. 
The system should mimic the main data transceiver and provide backup.

In addition the Transceiver should be able to be configured for full camera data use. 
Provision should be made for the general public to lock in and download data from the camera.

Antennas will be provided for the transceiver and its specification, or the antenna can be part of the project.

Project J SAiSAT  Auxiliary Projects
Any project forwarded will be considered.
INVITATION

Universities and Universities of Technology as well as individuals are invited to join the project and meet at the National Amateur Radio Centre in Gauteng on 25 March 2011 to discuss their participation.  The SA AMSAT Space Symposium will be held the following day, 26 Match 2011 at Voda World in Midrand.
Please come and fly with SAiSAT a journey into tomorrow.
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