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��Introduction 

Purpose

This SRD describes the operation of the OM. The general characteristics of the image data and science products required are highlighted. Some explanation of the in-orbit operational aspects of the OM is presented. Finally, specific requirements are listed.



This requirements document is definesused to define the functional and performance features required of the XMM optical monitor (OM) on-board software. This may be used as a reference for the discussion in the architectural design document, which includes detailed description of software modules which carry out these tasks. The important features of OM operation that require the on-board software in order to function are described. This leads to a description of the on-board software tasks, followed by a description of the interfaces and hardware that facilitate or constrain the software.

In defining the software requirements this document highlights the important features of the on-board software to allow quantifiable and verifiable measures to be implemented in its design, development and test... As such, the document is addressed to the software teams of the OM consortium and to the engineers of consortium groups developing sub-systems with which the software will interface, and finally to such external reviewers or potential scientific users who might wish to understand the nature of the tasks and examine critically the OM software development process.

Scope

The software requirements described in this document comprise:



The flight software requirements for the Instrument Control Unit (ICU).

The flight software requirements for the Data Processor Unit (DPU).



The ICU software will provide overall instrument control. It will also compress the data supplied by the DPU in preparation for telemetering. It is located with the DPU in the Digital Electronics Module (DEM).

The DPU software will capture photon or image data from the XMM-OM detectors, and perform spatial and temporal compression, together with compensation for artefacts such as spacecraft drift and background effects. The data will be stored in memory until transmitted to the telemetry stream via the Instrument Control Unit.

Applicable Documents



APP-1�XMM-OM Packet Structure Definition �RS-PX-0032��APP-2�DPU-ICU Interface Protocol Definitions �XMM-OM/MSSL/SP/0014��APP-3�Software Setup of the Blue Detector Electronics �XMM-OM/MSSL/SP/0077��APP-4�OBDH Users Guide �RS-PX-0015��APP-5�XMM-OM Bootstrap Specification�XMM-OM/MSSL/SP/0153��APP-6�Observing and Telemetry Modes for XMM-OM �XMM-OM - XMM-OM/MSSL/TC/0007��APP-7�XMM-OM C- Language Coding Conventions�XMM-OM/MSSL/SP/0008��APP-8�Hermes Ada Coding Standard �Derived from ESA Coding Standard WME/89-350/JMB��APP-9�User Requirements Specification�XMM-OM/MSSL/SP/0030��APP-10�DPU Architectural Design Document�XMM-OM/PENN/SP/0003��APP-11�Telecommand & Telemetry Specification�XMM-OM/MSSL/SP/0061��

�Definitions, Acronyms and Abbreviations



ADD�Architectural Design Document��Blue DSP (1/2)�the DSPs on the DPU responsible for data capture and event registration.��CCD �Charge coupled device. A pixel-based sensor used as the centroiding element of the MIC detector.��DBI�Digital Bus Interface - the interface to the spacecraft��DDD �Detailed Design Document��DEM�Digital Electronics Module��DPU �Digital Processing Unit��DPUOS�DPU Operating System��DSP �Digital Signal Processor, specifically in the case of the DPU, a Motorola DSP56001 processor��GSE �Ground Support Equipment��ICU �Instrument Control Unit��MIC �Microchannel plate Intensified CCD, the photon counting detector system��OM �Optical Monitor��Red DSP�the DSP dedicated to perform high efficiency requirement tasks, e.g. SAA.��SAA �Shift and add, a critical algorithm in the DPU software which shifts successive frames according to the calculated spacecraft drift and adds the frame into an accumulated image.��SRD�Software Requirements Document��TBC�To Be Confirmed��TBD�To Be Defined��TMPSU�Telescope Module Power Supply Unit��White DSP�the DSP responsible for the operational control and communication with the ICU���Applicable Documents

XMM-OM Packet Structure Definition RS-PX-0032DPU-ICU Interface Protocol Definitions XMM-OM/MSSL/SP/0014ICB Interface Protocol Definitions OBDH Users Guide MSSL XMM-OM ICU Bootstrap Observing and Telemetry Modes for XMM-OM XMM-OM - XMM-OM/MSSL/TC/0007XMM-OM C- Language Coding ConventionsXMM-OM/MSSL/SP/0008Hermes Ada Coding Standard User Requirements Specification

Overview

This SRD describes the operation of the OM. The general characteristics of the image data and science products required are highlighted. Some explanation of the in-orbit operational aspects of the OM is presented. Finally specific requirements are listed.

General Description



Function and Purpose

The general scientific requirements and capability of the OM are described in document XMM-OM/MSSL/RV/0001, and the observing modes in APP-9. A complete description of the instrument is given in the Experiment Interface Document (Part B) RS-PX-0018. Broadband filter photometry, imaging and timing of targets that will be observed by the XMM main X-ray telescope cameras requires a wide field of view, arc second class imaging performance, a wide spectral coverage and timing capability with sub-second resolution. 

To meet these requirements, a telescope module containing two co-aligned detector systems is employed. They consist of two redundant blue photon counting detectors and one non-redundant red detector. The blue beam is reflected by a dichroic through an associated blue filter wheel to the blue detector. The red beam is transmitted through the dichroic, via the corresponding red filter wheel, to the red detector. . Each of the 23 filter wheels carries 7 filters, a focal expander and a blank. There is a red beam drift compensation mechanism consists of two rotating wedges which prevent the smearing of images in the CCD.  The signals for the positioning of the wedges is derived from the DPU as it performs tracking in software for the blue photon counting detector. The telescope unit also contains a power supply and electronics. 

To control the instrument and process the data from it, there are two digital electronics modules (DEM), one prime and one cold redundant. They each contain an Instrument Control Unit (ICU) and Data Processing Unit (DPU), as well as power supply electronics. The DPU and ICU communicate via a Serial Synchronous Interface (SSI) . The DEMs and telescope module are connected via an interconnecting harness. This harness carries primary power and sync, detector data, keep alive line and the Interface Control Bus.(ICB). The ICB is used to control and monitor the detectors, mechanisms and power supply. It is based on the MACS-bus. Uplink and downlink data from and to the instrument are carried by a digital bus interface (DBI). 

ICU

The overall instrument function is provided by the instrument controller. Its main software functions are as follows:-



Scheduling and Monitoring of an observation sequence.

Configuring the instrument.

Monitoring for breakdown/failure conditions and safing if required.

Controlling, and monitoring status of, the detectors, the telescope power supply and the DPU

Interpreting and executing direct telecommands

Storing and then interpreting and executing deferred commands.

Incorporating new or modified code modules for itself or the DPU

Collecting and preparing instrument housekeeping and engineering packets in preparation for telemetering.

Accepting , compressing and reformatting into packetspacketising the science data from the DPU, in preparation for telemetering

Interfacing with the OBDH for data and commands.

Distribute drift information derived from the DPU to the detector module via the instrument control bus and to the spacecraft.

Monitoring thermal sensors and control the thermal environment.

Accepting and controlling digital inputs and outputs to the instrument.

ICU Environmental Considerations

The code will be written in ADA except when timing or interface requirements dictate Assembler. The CPU will conform to the Mil-Spec 1750A standard.	

DPU

The Bluedetector must be a photon-counting system in order to match the required sensitivity. Estimates of the count rate from the field (2e5/sec) imply that for a 1024 x 1024 format image, the bit rate would be 4 Mbit/second. This grossly exceeds the available data rate for the observatory as a whole.

To compress this bit rate, it is desirable to store the images in an accumulating memory, for a time compatible with scientific objectives (typically 1000 seconds). However the spacecraft attitude will drift by more than one imaging pixel on these timescales, and produce image blurring on a scale greater than that necessary for high sensitivity imaging. It is the primary goal of the DPU to compensate for these aspects, but as described below, other functions must also be provided by the DPU. Without the DPU and its related software, the XMM-OM will not be able to fulfil the scientific objectives of obtaining wide field optical images of selected fields, together with time resolved photometry of selected targets

For the MICBLUE detector, the high resolution images might be degraded by spacecraft attitude drift so that photon data must be re-registered with respect to reference sky co-ordinates. For the RED detector, data can be contaminated by particle background which must be removed. The key elements of DPU operation are therefore to capture data, store them in correct memory locations, compress removing artefacts and then process them into appropriate format for compression and downlink.

Secondary requirements are to provide higher time resolution data of both a reduced set of scientific data and of a engineering/housekeeping nature. For example, some X-ray targets will have interesting intensity variations with time-scale much shorter than an image collection interval. It would be important to extract that data, for limited portions of the image, on timescales from milliseconds to seconds. Also, the automatic monitoring of several stars in each field, at a time-scale of the DPU attitude tracking provides serendipitous science information about stellar variability, but perhaps more importantly, provides a continual check on the performance of the detectors with respect to photometric stability.

All data types are presented to the Instrument Control Unit for reformatting into packetspacketising.

DPU Environmental Considerations

The DPU is a sub-system which is a core element of the payload, in that the scientific requirements cannot be met without its operation. It is not in a general sense an instrument computer, however, because its tasks are very limited. The DPU merely processes science data in a manner requested by the observer to preserve the maximum scientific output.

It was realised at an early stage of the project that these functions had to be demonstrated early in the breadboard phase, and thus simulations of the tracking performance were initiated in order to

i)	Confirm the ability of the baseline instrument to perform real time tracking at the required accuracy

ii)	Define the algorithms for the DPU in more detail to size the processor requirements



In addition an early decision was required on the choice of processor hardware, dictated in part by programmatic and funding limitations and environmental considerations. The selected processor was the Motorola DSP56001, chosen for a number of reasons including a high performance measured in operations per second at modest electrical power consumption. Similarly design decisions for the memory allocation had to be forced early in the program, and a judicious choice based on known detector image characteristics was taken. Thus the hardware constraints for the DPU software are much more firmly fixed than is usual for the software requirements phase at an early stage. In addition the user requirements phase has led to a much more thorough prototyping and extensive testing of the DPU flight software than is common.

The DPU hardware environment consists of four separate processor cards each housing one DSP. They are named the White DSP, the Blue DSP1/2, and Red DSP. Each of the processors performs and distinct specific functions with different software environmental support.

The White DSP is the primary processor responsible for controlling the operation of the DPU and communication with IDU. The White DSP DPU software is will be built around a custom operating system, the DPUOS. The DPUOS will be implemented in both C and assembly language., The application level flight software will be while the higher level software is implemented mainly in ‘C’, except where performance requirements require faster execution. The operating system software comprises loaders, basic drivers, interrupt handlers, command processor, data I/O, and basic service routines. Applications software includes command execution, data I/O, event processing, tracking, mode handling, temporal  data compression etc.

The Blue DSPs are dedicated to perform real-time data capture and event processing. The Blue DSP flight software will be completely built in assembly language for efficiency. System functionality of control and status monitoring by the White DSP is tightly integrated with the application functionality of data capture and event processing to form the Blue DSP software..

The Red DSP provides additional generic processing power to perform dedicated tasks. Its operating system environment will be a subset of the DPUOS, with support to application software implemented in C.

The OM  DPU SW operates in a real-time environment and shall have necessary protection for safe operation and reliable data collection operations. Measures to ensure this include task time-outs, forward error correction, limited access to program storage, processor time margins or limitation of interrupt routine duration.

It is designed for 10 yr. operation in-orbit. All software elements that might be affected by changes in instrument performance, configuration or Observatory operation can be changed by parameter telecommands or DPUOS and application software updates.

Protection against SEU’s is affected by hardware design, operational mode and software measures.

The relationship of ICU and DPU software to other systems is defined by the interfaces to those systems, where the detailed specification are covered in the appropriate system interface specification.

�Observation Overview

 Blue Detector:

An observation is initiated with an acquisition sequence to determine the exact position of the spacecraft attitude with respect to desired targets. A V filter image is taken with the MICBLUE detector at low resolution (full field) 1024 x 1024 binned pixels. The DPU integrates events one-by-one in memory for a TBD period, and then compares the image with locations of reference star positions previously uplinked from TBD star catalogue data. The data (e.g. offsets from field of view centre) are transmitted to the ICU, so that it is able to set up restricted hardware defined windows on the MICBLUE detector, and change filter position to that desired for astronomical observations to commence. User-defined science windows related to the MICBLUE hardware windows are defined in the DPU memory. The ICU sends a start command to the DPU, and data from the MICBLUE detector are accepted, checked for parity, and the appropriate memory locations incremented. After TBD time a user-definable duration of the order 10 seconds, the image is searched analyszed for stars that can be used as guide objects stars. The criteria can be altered, but generally comprise brightness, location, image size etc.. Windows are set up around each of these locations in addition to the science windows.

The image data are captured in the same way for TBD seconds and re-directed to new memory locations, and incremented appropriately. The image accumulated in this area is now examined to find the guide stars again, and the mean shift in X, Y and roll calculated. The image data are then located in a third memory location destined for overall image accumulation. During this process of guide star location, attitude measurement and data shifting, the next time slice of the image is collected in the original memory area, until the next guide star calculation starts. The process is repeated many times during a typical frame accumulation time of the order 1000 sec. The typical X-ray observation of 10,000 secs implies that either there will be multiple such images, or different filter or window parameters will be used. During the period of the next exposureimage accumulation, the previous image will be compressed and transmitted passed block by block to the ICU for downlink.

�Red Detector

The RED data are handled in very similar ways, but with details that depend on the specific data production mode of the CCD detector. In its imaging mode, the CCD produces data infrequently (every few hundred seconds). The sequential data then contain a digital number related to the photons per pixel. Thus the DPU increments successive memory locations by the correct amount. In order to remove effects of cosmic rays, successive images must be compared for significant changes above some defined threshold level. Thus two memory areas are reserved for raw data, one for summed and cleaned data, and one for an array of data which contains a map of pixel data vetoed during the cosmic ray subtraction process.

In principle the RED can be used for tracking and FAST mode, but only by reading out a limited portion of the array. The pixel data still contain digital numbers directly related to photons per pixel.

Both RED and BLUE detector data can be obtained simultaneously, subject to limits imposed by the memory and processor allocation.

Model Description

The Hatley-Pirbhai Specification technique has been employed in this project. The diagrams and accompanying notes are given in Appendix 1.

ICU Specific Requirements

Functional Requirements

Bootstrap

The following ICU bootstrap requirements are based on those detailed in document APP-5.



R-ICU-1/1000	The bootstrap (it) shall not rely on any specific area of RAM

R-ICU-1/1005	It shall not occupy more than 2 Kbytes

R-ICU-1/1010	It shall be capable of loading code from one of four sources, namely:

The spacecraft interface

the existing image

internal storage

the EGSE



R-ICU-1/1015	It shall wait for 0.5 seconds for a spacecraft command that will determine which source is used. Only the first three sources shall be selectable

R-ICU-1.1020	In the event of no spacecraft command, the existing image shall be used only if it is valid and it is the first time the Bootstrap has executed without a spacecraft command. Otherwise the internal storage will be selected.

R-ICU-1/1025	If the internal storage was selected but the EGSE is present and responds to a polled command, then code shall be source from the EGSE as if it was being read from internal storage. Otherwise code will be loaded from the internal storage

R-ICU-1/1030	The executable image shall be verified. If it is valid, it shall be executed from the entry point from where it may page out the bootstrap. If the executable image is invalid, the next source in turn of the first 3 source above will be selected. If the last source was selected, then the bootstrap shall restart waiting for a spacecraft command

R-ICU-1/1035	It shall allow the source to specify the absolute address where the executable image will be loaded.

Monitor

R-ICU-1/2000	The ICU shall monitor the DPU for heartbeats at 10 sec intervals. Upon failing to receive 2 successive heartbeats, it shall initiate a TBD OM recovery sequence.

R-ICU-1/2010	The ICU shall monitor theblue detector for breakdown/failure conditions and initiate a TBD safing sequence.

R-ICU-1/2015	Removed..

R-ICU-1/2020	The ICU shall ensure that the position of the filter wheels is consistent with safe operation of the instrument at all times

R-ICU-1/2025	Removed.

R-ICU-1/2030	The ICU shall keep a record on-board at all times of the current instrument configuration. 

R-ICU-1/2035	The ICU shall monitor and maintain thermal control of the OM telescope unit.

R-ICU-1/2040	The ICU shall reset the RBI watchdog at commandable regular intervals to prevent a watchdog time-out.

R-ICU-1/2045	The ICU shall monitor packet acceptance by the spacecraft. In the event of packets no longer being accepted after 30 secs (TBC), it shall execute a TBD safing sequence.

Command Processing

R-ICU-1/3000	The ICU shall support a telecommand rate of 2 kbits/sec

R-ICU-1/3001	The ICU shall interpret and execute commands within 1 sec of receipt.

R-ICU-1/3005	Removed..

R-ICU-1/3010	Removed..

R-ICU-1/3015	Removed..

R-ICU-1/3020	Removed..

R-ICU-1/3025	Removed..

R-ICU-1/3030	Removed..

R-ICU-1/3035	Removed..

R-ICU-1/3040	The ICU shall support all DPU commands  as  specified in document APP-2

R-ICU-1/3045	The ICU shall control, by means of commands specified in APP-2, the extraction and downlinking of all DPU data.

R-ICU-1/3050	The ICU shall support all low-level Blue dDetector commands as specified in document APP-113

R-ICU-1/3055	The ICU shall be able to define and load any specifiable Blue detector window look-up table as specified in APP-11.

R-ICU-1/3060	The ICU shall be able to define and load any specifiable centroid look-up table for the detector as specified in APP-11.blue

R-ICU-1/3065	Removed.The ICU shall support all low-level Red Detector commands as specified in document APP-3

R-ICU-1/3070	Removed.The ICU shall be able to define and load any specifiable Red detector window 

R-ICU-1/3075	The ICU shall be able to command any filter wheel from any position to any other position in 105 secs.

R-ICU-1/3080	The ICU shall be able to reboot on command from ground

R-ICU-1/3085	The ICU shall verify all commands on receipt from ground.

R-ICU-1/3090	RemovedThe ICU shall control, by means of command sequences, one (or more (TBD)) exposures on the blue and/or red detector.

R-ICU-1/3095	Removed.It shall be possible to start and finish execution of a stored blue detector exposure command sequence at different times to that of a stored red detector exposure command sequence

R-ICU-1/3100	This requirement removed.The ICU shall control the red beam steering mechanism using tracking information supplied by the DPU

R-ICU-1/3105	The ICU shall support all RBI watchdog commands as specified in APP-11.

R-ICU-1/3110	The ICU shall support all filter wheel commands as specified in APP-11.

R-ICU-1/3115	The ICU shall support all dichroic commands as specified in APP-11.

R-ICU-1/3120	The ICU shall support all heater control algorithms as specified in APP-11.

R-ICU-1/3125	The ICU shall support all TMPSU commands as specified in APP-11.

R-ICU-1/3130	The ICU shall support all time management commands as specified in APP-11.

R-ICU-1/3135	The ICU shall support all memory maintenance commands as specified in APP-11.

R-ICU-1/3135	The ICU shall support all telemetry management commands as specified in APP-11..

Telemetry Processing

R-ICU-1/4000	The ICU shall support a telemetry rate of up to 40 kbit/sec

R-ICU-1/4005	Removed, covered in R-ICU-1/4020.The ICU shall collect and format instrument HK telemetry packets for downlinking. Precise contents and format are TBD. However, it is foreseen that it will contain the following types of information at the indicated rates:





R-ICU-1/4010	The ICU shall collect DPU data and responses (as defined in APP-2) and format them for downlinking as telemetry packets (format specified by APP-11).

R-ICU-1/4015	Removed.The ICU shall compress, by at least a factor of 2 (TBC), the DPU data blocks using a TBD algorithm, in order to minimise downlink time. This is done prior to fomatting the data for downlink.

R-ICU-1/4020	The ICU shall also provide all the following telemetry as specified in APP-11.

Tracking - attitude control information at a fixed rate

Periodic Engineering - supplemental instrument status and performance parameters at a fixed rate.

Aperiodic Engineering - reports of events (mechanical configuration, heater changes, etc., not at a fixed rate.

Aspect Information - no fixed rate

Feedback from commands



R-ICU-1/4025	The ICU shall provide packet data in a form suitable for downlinking by the spacecraft consistent with APP-4.

R-ICU-1/4030	The ICU shall time-stamp all telemetry requiring it (as specified in APP-11) to anan accuracy of 1 ms.

�Performance Requirements

As stated where necessary in the Functional Requirements

Interface Requirements

R-ICU-3/1000	The ICU software shall handle all the interfaces according to the documents APP-1 to APP-4.

Operational Requirements

R-ICU-4/1000	Requirement removed

R-ICU-4/1005	The ICU shall have two operational states

Basic Mode - for support of the OM Initial State (Modes)

Operational Mode - for support of all other OM States (Modes)

	(The OM states are defined in APP-9).

R-ICU-4/1010	Code to support the ICU Basic Mode shall be stored in ROM

R-ICU-4/1015	Code to support the ICU Operational Mode shall be stored in keep-alive RAM.

R-ICU-4/1020	The Basic Mode code shall contain such code modules extracted from operational mode code as are necessary to support the following functionality.

Moving the active filter wheels to reference positions (TBC)

Uplinking code into ICU keep-alive RAM

Uplinking code into DPU keep-alive RAM.

Telemetry and Telecommands as specified by APP-9

The ability to switch to operational mode once such code is present in keep-alive RAM.

Basic Thermal control.



R-ICU-4/1025	The ICU shall support all mode change commands as specified in APP-11.

The program software shall be stored in keep-alive RAM.

Verification and Validation Requirements

R-ICU-5/5000	The ICU shall provide facilities to read and write to/from memory addresses.

R-ICU-5/5005	The ICU shall support the facility of being able to update its own code

R-ICU-5/5010	The ICU shall support the facility of implementing uplinked DPU code patches.

R-ICU-5/5015	The ICU shall forward to the spacecraft any memory dumps provided to it by the DPU.

�DPU Specific Requirements

Functional Requirements

Data/Command I/O

R-DPU-1/1000	The DPU shall be able to receive commands and data from the ICU in the format described in the ICU -- DPU Protocol Definitions document (XMM-OM/MSSL/SP/0014 - XMM-OM/MSSL/SP/0014)

R-DPU-1/1010	The DPU shall be commandable by the ICU to collect the detectorBlue events by either of the two blue DSPs, or alternate between the two from event to event...

R-DPU-1/1015 	The DPU shall receive data from the Blue detectors through the Blue Detector/DPU interface.

R-DPU-1/1020	The DPU shall receive data from the Red detector through the Red Detector/DPU interface.

R-DPU-1/1030 	The DPU shall be capable of accepting parameter settings and mode changes to modify its operation for any observation, based on commands received from the ICU.

R-DPU-1/1035	The DPU shall provide error detection and correction in stay-alive RAM code memory.

White DSP Operating System

R-DPU-1/2000 	The bootstrap code for initiating the DPU shall be stored in ROM.

R-DPU-1/2005 	The DPU shall bootstrap the White DSP operating system from storage in stay-alive RAM upon command by the ICU.

R-DPU-1/2010 	The global data and address busses shall not be accessed except when any processor is enabled to do so by hardware.

R-DPU-1/2020 	The White DSP operating system shall reset the DPU to the boot-idle state if the global bus watchdog is activated.

R-DPU-1/2025 	The White DSP operating system shall support the higher level functions written in C.

R-DPU-1/2030 	This requirement to be revised once timing system has been specified. The Local Time Management System time will be available to the DSPs via an address on the global bus.

R-DPU-1/2035 	This requirement to be revised once timing system has been specified. The White DSP operating system shall read the Local Time Management System address into local memory once per 1ms period.

R-DPU-1/2045	The DPU shall transmit an alive signal (heartbeat) every 10 s (default). The interval between heartbeats shall be commandable.

R-DPU-1/2050	The DPU shall be able to echo back every command received from ICU, upon command from the ICU  unless commanded otherwise..

R-DPU-1/2055 	Upon reset or power on, the DPU shall be in the boot-idle state. 

R-DPU-1/2060 	In the boot-idle state, the DPU shall wait for ICU command and shall be able to receive a limited set of commands from the ICU. These commands include reset, load DPUOS from stay-alive RAM to local memory, load codes sent by the ICU into stay-alive RAM, and dump RAM areas to the ICU.

R-DPU-1/2065 	Upon receiving the load DPUOS command, the DPU shall load the DPUOS from the stay-alive RAM and enter the DPUOS-idle state. This shall be the "standby" mode.

R-DPU-1/2070	In the DPUOS-idle state, the DPU shall wait for ICU commands and the full complement of DPUOS commands shall be functional.

R-DPU-1/2075	The loading of the codes into the stay-alive RAM shall only be performed in the boot-idle state.

R-DPU-1/2080 	The DPU shall respond to ICU and OM power or reset by entering the boot-idle state. 

R-DPU-1/2085	The four DSPs shall in turn have access to global memory bus once every 1ms.

Blue DSP Software

R-DPU-1/3000	The Blue DSP bootstrap code shall reside in ROM.

R-DPU-1/3005	The Blue DSP bootstrap code shall load the ``processing'' blue DSP code from stay-alive RAM upon command from the White DSP.

R-DPU-1/3010	The Blue DSP software shall receive and respond to commands from the White DSP as shall be described in APP-10the ``intra-DPU inter-DSP command interface'' document.

R-DPU-1/3015	The Blue DSP shall respond to alive-inquiry from the White DSP with a latency time of no longer than 5 ms.

R-DPU-1/3020	The Blue DSP shall respond to commands from the White DSP with a latency time of no longer than 2 ms.

R-DPU-1/3025	The Blue DSP software shall calculate the memory location to increment for each MIC event received.

R-DPU-1/3030	Upon command from the White DSP, the Blue DSP software shall alternate between two sets of address calculation coefficients mapping into two separate memory areas.

R-DPU-1/3035	The Blue DSP software shall increment by 1 or 2 the calculated memory location for each MIC event received.

R-DPU-1/3040	For Blue Fast mode, the Blue DSP software shall calculate the difference of the accumulated image and the previous accumulated image at the observer specified time resolution longer than TBD ms.

R-DPU-1/3045	Upon the engineering/raw-data mode command from the White DSP, the Blue DSP software shall write 2^20 individual MIC events directly into global memory.

Red DSP Software

R-DPU-1/4000	The Red DSP operating system shall support the higher level functions written in C.

R-DPU-1/4005	The Red DSP shall load the pixel values received from the Red detector into RAM.

R-DPU-1/4010	The Red DSP software shall remove (TBD)% of the image area affected by cosmic ray hits.



R-DPU-1/4020	The Red DSP software should perform dedicated tasks such as the SAA.

Tracking



 Tracking

R-DPU-1/5000	The high level software shall calculate the spacecraft drift and roll using successive tracking frames

R-DPU-1/5005	The DPU will perform tracking, i.e. determination of the satellite's pointing, at a regular interval. This regular interval, the frame time, shall be commandable by the observer through the ICU.

R-DPU-1/5010 	Upon completion of the tracking task, the DPU shall makede the results available to other DPU processing tasks, and transmit the pointing information to the ICU for broadcast on the satellite bus. 

R-DPU-1/5015	The DPU software shall be able to perform tracking based on data collected from either the blue or the red detectors.

Science Modes

Blue Science State

BlueI image Mmode

R-DPU-1/6100	The Blue image mode shall consists of 0 to 6156 science windows.

R-DPU-1/6105	The Blue image mode shall consists of no more than 1,000,000 pixels or binned pixels (no more than 1,000,000 memory locations for the tracking frame).

R-DPU-1/6110	This requirement deletec d as it is covered by section 4.1.5.e Blue image mode shall calculate the spacecraft drift for successive TBC s frames.

R-DPU-1/6120	The Blue image mode shall shift successive frames according to the calculated spacecraft drift and co-add the frame into an accumulating image with binning factor specified by the observer.

R-DPU-1/6125	The Blue image mode shall support binning factors of 01 by 01 (no binning), 2 by 2 (bin 2 pixels in each dimension), 4 by 4 (bin 4 pixels in each dimension), 0 1 by 2, 2 by  01, 0 1 by 4, 4 by  01, 2 by 4 and 4 by 2..

BlueF fast Mmode

R-DPU-1/6200	The Blue DSP shall collect fast mode data, preserving the time and spatial resolution in the specified area.

R-DPU-1/6205	The Blue fast mode shall collect successive images of a designated detector area at a user-specified integration time. This integration time shall be at least 10100ms (1ms shorter sampling time is feasible if the MIC integration time is shortened to 1ms).

R-DPU-1/6210	There shall be 0, 1, or 2 blue fast mode areas sets per exposure available, each fast mode set shall have a user-specified integration time.

R-DPU-1/6215	If there are two Blue fast mode sets per exposure, the fast mode setss shall can support two different integration times.

R-DPU-1/6220	Each Blue fast mode area shall consist of a maximum of 512 pixels.

EBlue engineering Modes state

R-DPU-1/7000	There shall be three engineering modes associated with the Blue detector, raw data mode, full frame mode, and Blue detector calibration mode.

BlueR raw data mode

R-DPU-1/7110	The Blue raw data mode shall collect the event addresses transmitted by the MIC into memory for transmission to the ground via the ICU. No processing other than the hardware parity bit check and parity bit removal shall occur.

Full frame mode

R-DPU-1/7220	The Blue full frame mode shall collect a full 2048 x 2048 frame binned 1 x 1 in memory which shall be transmitted to ground via the ICU.

R-DPU-1/7225	Blue full frame mode shall have a maximum image depth of 16 bits.

BlueD detector calibration modes

R-DPU-1/7330	The Blue detector calibration mode shall acquire data and perform TBD task based on TBD algorithm to determine the MIC centroiding coefficients.

Red engineering modes

R-DPU-1/7400	Removed



Red Science ModesState (CH: Remove the entire section)

This section removed.Red image mode

R-DPU-1/8100	The Red image mode shall consist of 0 to 6 science windows.

R-DPU-1/8105	The Red image mode shall consist of no more than 1e6 pixels.

Red fast mode

R-DPU-1/8200	The Red fast mode integration time shall be dependent on the size of the CCD region selected.

R-DPU-1/8205	The data acquisition format shall be TBD.

Red bright star mode

R-DPU-1/8300	The Red bright star mode TBD.

Red engineering modes

R-DPU-1/8400	The Red raw data mode shall collect the pixel values transmitted by the MIC into memory for transmission to the ground via the ICU. No processing other than the hardware parity bit check and parity bit removal shall occur.

Tracking Submodes (CH: Remove this section)

Transient Submode

R-DPU-1/9100	The transient submode shall calculate the positions and intensities of 10 (TBC) sources above a set threshold within the detector region selected every tracking frame and transmit this data to the ICU.

R-DPU-1/9105	The detector region shall be set by the image mode, fast mode and tracking windows

Bright Star Submode

R-DPU-1/9200	The bright star submode shall calculate the position and intensities of the stars used for tracking and transmit this data to the ICU.

Performance Requirements

R-DPU-2/1000	The DPU shall process MICBLUE events to memory in < 21 ms (TBC).

R-DPU-2/1005	The DPU shall provide time stamp data to < 2100 ms accuracy under the fast mode (TBC).

R-DPU-2/1010	The DPU shall accept and register 2e5 events/s maximum from the Blue Detector.

R-DPU-2/1015	The DPU shall identify the stars in the field with the user-specified reference stars and calculate the drift and roll with respect to the frame defined by the reference stars to 99% confidence sub arc second accuracy.

R-DPU-2/1020	The DPU shall process the reference frame with the user-specified filter, scan and select good guide stars for subsequent tracking and perform window and memory management tasks.

R-DPU-2/1025	The DPU shall calculate drift and roll with respect to the reference frame based on the established guide stars in less than 2 s (TBC).

R-DPU-2/1030	The DPU shall perform shift-and-add of image mode data acquisition of an 1000 by 1000 to 500 by 500 area in less than TBD s. The time to perform SAA must be less than tracking frame time.

R-DPU-2/1030	The DPU shall perform Red detector cosmic ray subtraction in < TBD s for 1e6 pixel frame.

R-DPU-2/1035	The DPU shall initiate reaction/response to ICU command with a latency of no greater than 10 ms. 

R-DPU-2/1040	The DPU shall transmit high priority alert to ICU with a latency time of no greater than TBD ms.

Operational Requirements

R-DPU-3/1000	The bootstrap software shall be stored in ROM.

R-DPU-3/1005	The program software shall be stored in stay-alive RAM.

R-DPU-3/1010	All mode parameters shall be changeable by telecommand.

R-DPU-3/1025	The DPU shall transmit data to ICU as described in the ICU -- DPU Protocol Definitions document (XMM-OM/MSSL/SP/0014).

R-DPU-3/1035	On failure to find good guide stars in the field of view, select default set of poorer stars TBD.

R-DPU-3/1036	On failure to obtain an acceptable tracking solution, the DPU shall co-add the tracking frame with zero absolute pointing error and transmit an alert to the ICU.

R-DPU-3/1040	On out of bounds track solution, the DPU shall TBD.

R-DPU-3/1055	The DPU shall abort an exposure when commanded to do so by the ICU and enter the DPUOS-idle state.

R-DPU-3/1060	On watchdog time-outtimeout, the DPU shall return to the boot-idle state.

 Resource Requirements

R-DPU-4/1000	Program memory shall not be more than 66% consumed at flight software delivery

Verification and Validation Requirements

R-DPU-5/1000	Every requirement of the SRD shall be verified by appropriate inspection analysis, demonstration or test.

R-DPU-5/1005	The DPU software environment shall provide for facilities to read and write to/from memory addresses in hex and int.

R-DPU-5/1010	The DPU software shall communicate with its EGSE via an ICU/SSI interface card using the same command protocol defined for the ICU (see the ICU --- DPU Protocol Definitions document, XMM-OM/MSSL/SP/0014).

R-DPU-5/1015	The DPU software shall support all functions necessary to support testing of the DPU and instrument on ground.

R-DPU-5/1020	The DPU software shall be designed for a flight duration of 10 years.

R-DPU-5/1025	The DPU software shall be tested with representative mission simulations of image data and mode combinations in a flight representative version.

R-DPU-5/1030	The duration of the mission simulation shall be at least equivalent to three orbits of operations and at least 12 different observational target plans.

Non- Specific Requirements

Documentation Requirements

R-OM-1/1000	Documentation of the OM S/W shall be compliant with PSS-05 Software Engineering Standards. 

R-OM-1/1005	The documentation shall be provided on paper.

Security Requirements

Not Applicable

Portability Requirements

Not Applicable

Quality Requirements

R-OM-4/1000	C code shall conform to the coding standard specified in APP-7

R-OM-4/1005	ADA code shall conform to the Hermes coding standard (TBC).- APP-8

Reliability Requirements

R-OM-5/1000	The OM S/W shall be designed for a mission duration of 10 years.

General Maintainability Requirements

These will be guided by the SOC Implementation Plan.

Safety Requirements

R-OM-7/1000	No malfunction of the DPU or ICU software shall permanently damage or degrade the XMM-OM instrument or spacecraft hardware.

R-OM-7/1005	Hazardous Commands shall be identified during the architectural design phase. Commanding of hazardous functions shall be inhibited by default and only be possible after a preceding enable command with a special key/password. After the execution of a hazardous command it shall be inhibited again. �Appendix-1: Hatley-Pirbhai Diagrams



This appendix contains a hierarchy of Hatley-Pirhai diagrams illustrating the analysis of the data and control flows within the XMM-OM instrument software. The following summary of the notation used may be helpful.



Processes 	These are represented as circles. The purpose of a process is simply to produce its outputs from its inputs according to the action implied by its name. Each process may be decomposed into sub-processes, which make more detailed statements about the processing involved.

Data Flows 	These are represented as labelled solid lines. They may be single or double arrowed, indicating the direction of data flow. They may be anything from a single item of information to a group of any number of items. Such a group flow may be decomposed into subgroups or single item flows

Data Stores	These are represented by pairs of parallel lines. They contain data stored for later use by a process.

Control Flows	These are represented as labelled dashed lines. They show the flow of control signals within the system.

STD’s	State transition diagrams show the states of the system and how they are influenced by control signals. They respond to events represented by control flows and show the corresponding action. the system takes. States are shown as rectangles labelled with the name of the state. Events and actions are represented as “event/(optional) action” label pairs on each of the transitions between the states. The transitions are shown as solid arrowed lines.

Vertical Bars	These indicate the interface of control flows to and from an associated STD.. 
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