Appendix B

AAU Cubesat
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A detailed description of AAU Cubesat
www.cubesat.auc.dk
The AAU Cubesat:

The AAU Cubesat is a pico-satellite, which has been developed by students at Aalborg University Denmark over a period of 2 years. The entire satellite weighs 1 kg and is only 10x10x10 cm in size, which puts large constrains on the construction of the systems inside the satellite. Many different institutes and departments at the university have cooperated to make the construction of the satellite possible and many students from many different lines of education have been involved in the process. The satellite has been build exclusively by students and the students themselves have also been deeply involved in the administration and funding of the huge project. 

The AAU Cubesat is divided in to a mechanical part and an electrical part, which again is divided into different electrical subsystems. The satellite can in many ways be compared to a human body, it contains many of the same systems and it is a completely self-contained system:

· OBC: The onboard computer, which is the brain of the satellite.

· ADCS: The attitude determination and control systems which is the balance and movement system of the satellite, i.e. it controls the motions of the satellite.

· PSU: The power supply unit, which is the congestion system of the satellite, i.e. it delivers energy to the rest of the satellite.

· COM: The communication system, which is the speaking system of the satellite.

· CAM: The payload is a camera, which can be compared to the eyes of a human.

· MECHANICAL: The mechanical part of the satellite is the actual body of the satellite.

OBC:

The electrical subsystems of the satellite are controlled from a central on board computer (OBC) based on a C161PI micro controller from Infenion. It features a 16-bit CPU providing 16 Megabytes of Linear Address Space. The OBC uses three types of memory. A RAM module (4 MB) for picture data, dynamically allocated memory and buffers. A ROM module of 512kB for initial flight-software and 256kB of FlashRom used to upload new software after the satellite have been deployed in orbit. The OBC has the option of booting either on a PROM with the original software the satellite was launched with or on FLASH-ROM with contains new software uploaded to the satellite from the ground station. This boot selection is controlled by the PSU by a special algorithm, which continuously tries to boot the OBC from either PROM or FLASH until it has been successfully booted

The communication between the OBC and the other electrical subsystems are carried out by means of an I2C-bus, which connects the Power Supply Unit, the Attitude Determination and Control and The Camera subsystems. The Communication Unit is connected directly to the OBC though a parallel interface. The command interface to the camera is the I2C-bus, but when the picture is taken it is moved directly into the RAM of the OBC by a DMA interface. During this time the C161 MCU of the OBC is disabled from the databus and executes camera control code from an internal RAM-space of 2kb. The connection between the subsystems can be seen on figure B1:
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Figure B1 Basic overview of the subsystems in the AAU Cubesat

The software on the OBC is approximately 150kb of code, which controls the actions of the satellite based on a flightplan uploaded from the ground station and autonomously reacts to situations that may arise in orbit. It also collects and store housekeeping information from all subsystems and logs everything that happens on the satellite to a central satellite log. 

It also:

· Controls the mode of operation on the satellite, i.e. low power mode etc.

·  Calculates the attitude of the satellite with regards to the sun based on sensor data from the ACS subsystem.

· Manages communication with the ground station regarding both low level control of modem and high level control of data protocol.

· Operates the camera.

PSU:

The power supply consists of solar cells, batteries, two power converters, a number of protection circuits for users and a small micro controller. 

The solar panels are the only source of power on the satellite and are placed on 5 of 6 sides of the satellite in pairs on the sides of satellite, which gives a total of 10 solar cells on the satellite. They are triple-junction cells with an efficiency of 28% and measure 68.96 x 39.55mm. The satellite will receive an average of 1.4 W from the solar cells, which is 1/30 of the power used in a normal light bulb and therefore the entire satellite has been designed to use as little power as possible.  

The four on board batteries are developed and sponsored by the Danish company DANIONICS and will provide energy when the satellite is eclipsed or whenever the power use exceeds the power input from the solar cells, this will e.g. happen when the radio is transmitting. The batteries are a special kind of mobile phone batteries of 940mAh each and have a practically flat shape – they are however not able to withstand the vacuum in space and this has been solved by simply pressing the batteries in between two aluminum plates, simple but functional (see figure B2)
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Figure B2: The mounting of the batteries.

The basic function of the power supply is to take power from the solar cells and move it both to the batteries and to the different subsystems. This done by utilizing a maximum power point tracking algorithm (MPPT) which is a way of getting the maximum power out of the solar cells at all times. 

The power supply also functions as a watchdog for the rest of the satellite and ensures that short circuits caused by radiation in the satellite (Latch-up) are handled by rebooting the impacted subsystem. It is the most basic subsystem on the satellite and has therefore been designed with a number of different ways to make sure that it will continue to run no matter what happens. All variables in the software is saved in two places and each time one is read it is compared to the other and if there is difference a single event upset from radiation has happed and the PSU reacts to this. Also the power supply is able to continue to operate with the most important and basic functions entirely without the micro controller.

The basic schematic for the power supply is shown in figure B3 below.
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Figure B3 Basic overview of the PSU

COM:

In order to receive commands from the ground station as well as for transmitting the on board status and the images recorded during flight, an on board communication unit is used which will communicate with ground by using radio amateur frequencies. The COM unit of the satellite consists of two parts: a modem part and a radio part where the modem part is developed at Aalborg University and the radio is provided by a Danish radio vendor.  The radio amateur protocol AX-25 is used to provide error free communication to and from the satellite. The radio transmits with a power of only 0.5W, which is about 1/4 of the power a normal mobile phone transmits with – the reason for the low transmitting power is to save power on the satellite.

The frequency for the satellite is in the 70cm amateur band, which is coordinated by the AMSAT association, and they have advised the frequency of 437.450MHz for use in the project.

The antennas on the satellite will be deployed after the satellite is released from the launch vehicle – the antennas is fastened by standard fishing wire and is deployed by heating two small pieces of resistance wire which melts the fishing wire – see figure B4 below. 

Figure B4: The antenna release system where the antennas are wound around the black ring. 

The fishing wire can just be seen going past the resistance wire.

ADCS:

To be able to take images of the Earth, an attitude determination and control system is required. It will point the camera towards the correct target for imaging and for communication. Furthermore it will point the camera away from the sun and point three of the satellites sides with the solar panels towards the sun to ensure a maximum power input.

To control the satellites attitude in orbit three coils are used, which are mounted on three of the satellites sides perpendicular on each other. These will generate magnetic fields, which interact with the Earth’s magnetic field, and hereby change the attitude of the satellite.

To determine the satellites attitude two types of sensors are used. A magnetometer, build up with components from HONEYWELL, to provide information on the direction of the magnetic field of the Earth, and sun sensors. These sun sensors are basically planar photo diodes placed on each side of the satellite to measure the intensity of the incoming sunlight. The solar sensors and coils are shown on figure B5 below.
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Figure B5 Solar sensors to the left and a coil on the side of the satellite to the right

CAM:

The main payload for taking the images of Denmark is the on board camera.
It is in this case a digital CMOS camera chip based on a Kodak 1.3 megapixel kac1310, which has been provided by the Danish company DEVITECH. It will take images of the ground with a field of view of about 150 x 115 km and a resolution of 1280 x 1024 pixels with a color depth of 24bit, which gives bayer format pictures of about 1.3MB.
The lens in front of the CMOS camera chip is handmade with a diameter of 2cm at a length of 5cm and a focal length of 40mm – see figure B6 below. The lens system is real precision work – it has been made with precisions of 1/1000 mm and should therefore be able to produce a very sharp picture in space.
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Figure B6: AAU Cubesat camera with spare lenses.

In flight it is possible to control exposure time, gains for the individual RBG colors, overall colorgain and size of picture. When a picture is taken it is possible first to download a thumbnail (160x128) of the real image (1280x1024) to determine if the picture is over- or underexposed before downloading the entire picture. 

A mathematical model has been made of the camera before launch and by using this on the downloaded picture it is possible to correct different kinds of noise and distortions in the pictures. Also on ground it is possible to adjust by making better color contrast, sharpening the picture and so on.

Ground Station:

The ground station of the AAU Cubesat is placed on the university roof and consists mainly of two cross yaegi antennas with a gain of 18 dB and a motor to positions the antennas towards the satellite. A standard amateur data radio and a modem similar to the one on the satellite are used to receive the data, which is processed in a PC. This PC also stores all data to and from the satellite in a database, tracks the position of the satellite and controls the communication.

The ground station is capable of operation almost completely autonomously and during normal operation only the creation of new flight plans for the satellite requires human interaction.
MECHANICAL:

The mechanical design has been created around a frame of aluminium, which has been milled from one solid block of aluminum. This way a very strong and still quite light frame can be achieved. The frame consists of 4 rails - which are used to slide the satellite in/out of the P-POD - with connecting pieces between them. On these pieces the subsystem circuit boards are mounted with screws. Below in figure B7 a picture of the frame is shown.
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Figure B7: The AAU Cubesat frame.

On the outside of the frame the solar cells and the coils for attitude control are mounted but not directly on the frame. Instead they are placed on carbon-fiber plates. These plates are glued on the frame and the solar cells and coils are glued onto the panels.
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