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Introduction


This document introduces a possible design for the ION-F Software Architecture.  It is meant as a plan for implementation of the flight software that will speed up implementation, as well as provide for an easy way to share as much code as possible between the three separate satellites.  


The software architecture should employ Object-Oriented Programming (OOP). This would allow for easy upgrade and maintenance of components.  Furthermore, with each school employing different sets of sensors, control devices and so forth, OOP, and specifically polymorphism, allows for single modules of code to be written, with each module specified in the make file. 

CLARIFY OOP

System Operation


The modules shown below in Figure 1 interface with the Task Manager. The Task Manager acts as a router for commands, where different sensors, and control devices can be added and removed as necessary with little or no change in the code.  The Task Manager monitors each of these components, as well as communications and handles all message routing and handling of states. 


The main system modules, Comm, Orbital, Attitude, and Power control each of their respective systems.  Furthermore, Payload is left as a representative for any other components that could be easily added as necessary, such as beacons, science components, and so on.  The Watchdog module acts as a system health monitor that handles any faults the spacecraft may encounter.  This includes overheating, short circuits, dead software processes, and broken components.  


Figure 2 shows a simple example of how the software might loop through a command sequence such as “Formation Fly”. The Comm module would parse the message and pass it to the Task Manager. There, the address indicates it is a command for the Orbital module.  The Orbital module would receive the command, interpret it as a formation fly, along with the message sender, message priority, and desired formation to be flown.  The module then determines the satellite’s current position, and sends this information to the Formation Flying block.  From here, the specific formation flying controller determines the satellite’s desired position which is passed to the Position Control block. Here, the necessary attitude to control the position is determined and a message is sent to the Attitude module.  Meanwhile, the Orbital Module continues to check for new messages and operate on the desired position as the state changes.  


Meanwhile, the Attitude module receives the new message, determines the current attitude and sends the desired attitude, as well as the determined current attitude to the controller. The Attitude Control block determines the proper method of enacting the attitude control, and then the loop repeats by checking for new messages and so on. 


As mentioned above the specific Control blocks, and Formation Flying blocks are specific to each school, and the specific functions will be built in at link time.  Furthermore, in the case of certain components not being available, such as GPS, the block would be easily replaced by a orbit propagator, without the need to change any other components in the flight software.


Other commands would operate in the same manner, such as powering on and off certain components, changing the flying state, accepting specific ground and cross link commands, and changing operational states. 
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Figure 1: System Architecture
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Figure 2: Software Sequence 

Module Interaction

Most module interaction will be enacted through the built-in VxWorks messaging queues.  This ensures handling of necessary tasks, as well as preventing conflicting operations on the spacecraft.  All messages will have a destination, sender, priority, command, and parameters.  Any module will be able to send a message to any other module.    The sender parameter allows the module to return any information, such as a ‘task complete’ message to the original sender.  Furthermore, the priority parameter allows more important commands, such as that of deactivating a hot component, to override less important ones.  Part of the general message parameters must include an appropriate finishing state, such as continue as before, hold until further notice, or deactivate.  

In order to facilitate quicker processing of some components, a single state vector will be globally available.  This is a structure that contains important spacecraft information, such as position, velocity, attitude, mode, and other satellite states.  This state vector is updated by the appropriate module, such as Attitude updating the attitude vector, during the Sense operation.
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