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ABSTRACT

The SWIFT/UVOT has arequirement for on-board autonomous control of exposures, health and safety. It is anticipated
that the optimal form of control may not emerge until after launch and may change during the curse of the mission. A
flexible and reaily re-configurable system is therefore required. Two schemes have been adopted. As well as the more
usual approac of tables of experimental configurations, adion tables mapping command sequences to key events have
been implemented. The command sequences, consisting of a series of command words located in EEPROM, are
exeauted using a stack-based software 'virtual CPU'. Each command word, analogous to hardware CPU assembler
instructions, results in the exeaution of well-checked Ada cde fragments. As well as implementing the UVOT
commands, the code includes functionality such as delaying a spedfied time, awaiting action completion, 'subroutine'
cdlsand simple flow control. These permit the mnstruction d complex control sequences. A C-like language is used to
describe the required sequences. A translator converts them to the required command word sequence that is then
validated ona simulator. Reloading the command sequence or the tables referring to it aters the auitonomous behaviour
of the instrument.

1. INTRODUCTION

1.1 OVERVIEW

An overview of the UVOT instrument is given elsewhere in these procealings'. This text describes the software
components resident in the Instrument Control Unit (ICU) that are responsible for the aitonomous control of exposures
and for maintaining the hedth and safety of the instrument. All ICU resident code described here was written in Ada

Figure 1 summarizes the dedronic achitedure of the UVOT. The ICU controls and monitors the telescope module
(TM) via the instrument control bus (ICB). The TM contains the Telescope Module Power Supply (TMPSU) that
controls (a) a filter whed, the position of which is monitored by LED illuminated sensors, (b) the heaers and (c) a
beam deflector that switches the opticd path between the prime and redundant halves of the instrument. The Detedor
Processng Eledronics, known as the BPE, acuires and forwards photon events to the Digital Processng Unit (DPU)
in the Digital Eledronics Module (DEM). The BPE aso (1) controls the high wltage unit attached to the image
intensifier, (2) adivates a cdibration flood LEDs, (3) powers to the filter whed sensors and (4) monitors the effect of
the heaters via thermistors. The DPU processes the photon events into lists, images and a parameterized finding chart
that are then forwarded dredly to the spacecaft.

1.2 SCIENTIFIC GOALS

In order to achieve the scientific goals of the UVOT, the ICU must autonomously control the instrument to perform two
types of expasure sequences. automated and planned.

Automated: These occur when Gamma Ray Bursts (GRBS) are deteded by the Burst Alert Telescope (BAT) or a Target

of Oppartunity (ToO) is detected by other spacecaft and ground based sources. On the first observation of the source
an event list is gathered while the spacecaft is gill settling on the target. An expasure is then made from which a
finding chart is constructed to permit opticad counterpart identification. All subsequent exposures on this ource for this
and later dews to the same source will involve obtaining a sequence of images, event lists or combinations thereof in
differing filters with increasing exposure lengths. The adive aeaused on the detedor (referred to as the window) will
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Figure 1: UVOT Electronic Architecture

be refined if the X Ray Telescope (XRT) is able to supply an improved pasition before the end of the finding chart
expasure.

Planned: These ae a series of exposures that obtain images, event lists or combinations thereof in various instrument
configurations acarding to an up-linked plan.

1.3ENGINEERING GOALS
The ICU must respond to pdnting constraints impased by the Sun, Earth, Moon and planets.

Whil st observing a source the ICU needs to avoid damage to the instrument from known bright sources in, or close to,
the field of view (FOV). These can cause irreparable damage to the UVOT instrument by depressing the gain of the
Micro-Channel Plates (MCPs) or by damaging the photo-cathode.

Additional hardware protedion against unknown bright sources is provided by a safety circuit that is described
elsewhere in these proceadings’.

The ICU neels to monitor criticd parameters for out-of—limits conditions and take an appropriate recovery adion. It
needs to proted the instrument during any loss of spacecaft attitude. It must recover from any command failures. It
should respond quickly to an emergency shutdown warning from the spacecaft.

It isaprojed requirement that the code will need to run continuously for at least 72 hours without ground intervention.

The optimal form of control of the UVOT for both science expasures and for handling, or recovering from, conditions
that involve detedor safety issues may not emerge until late in the development and test program. It may also change
during the murse of the mission as we acommodate changes in ideas and circumstances during the lifetime of the
instrument. Therefore aflexible and readily re-configurable systemis required.



1.4 CONSTRAINTS ON OBSERVING

There ae anumber of reasons why it isimpaossible to perform the &ove sequence of exposures continuously on either
automated or planned targets.

There ae pointing constraints impased by the Sun, Moonand Earth. Each of these very bright, and therefore potentialy
damaging, sources has an avoidance angle constraint to which the satellit e must adhere. The Swift Observatory will be
in alow Earth orbit with an orbital period d approximately 96 minutes. Assuming no additional pointing constraints
imposed by the current position of the Sun or Moon, the Earth’s avoidance angle implies that it will not be possble to
observe aty source for longer than about 45 minutes, at which time the satellite must slew to another source For
sources at high elevation above the satellit e orbital plane, this maximum observing time is deaeased, falling to zero at
84 dgrees.

The detector is susceptible to damage from sources such as gars or planets brighter than about 8" magnitude, depending
on their colour. The ICU must monitor long exposures and ensure that the total accumulated counts on detedor
locations associated with a given source do not exceel a damage limit.

Because of the particle radiation present, the instrument may have to be proteded during passages through the South
Atlantic Anomaly (SAA). These interruptions will occur two or threetimes in any twenty-four hour period and eadt
may last up to ten minutes. This protedion is achieved by ramping down the high voltages controlling the image
intensifier.

Asa mnsequence of the dove mnstraints, the ICU design must:
« Allow for automated and planned observationsto be interleaved.
» Exped either type of exposure to beinterrupted by pointing and SAA constraints.
e Makededsions on exit from interruptions on how to reconfigure the instrument and restart the expasure.
»  Permit the artailing of al types of exposuresto prevent detedor damage.
1.5AVAILABLE INFORMATION
The following information is supplied to the ICU to enableit to determine its adions.

The spacecaft supplies an attitude control system message & a frequency of 5 Hz. This contains an identifier uniquely
spedfying the arrent observation. It also supplies Boolean flags indicaing whether the spacecaft has sttled or is
within 10 arc minutes of its final position and whether we are aurrently inside the SAA. It also includes a flag that, if
true, signals that the spacecaft may be aout to remove instrument power. Positional information, spedficdly the
current right ascension and dedination of the source and the satellite’s latitude and longitude ae supplied. Timing
information, in the form of the current spacecaft clock setting, is contained within the same record.

The spacecaft supplies a hardware driven 1 Hz timing pulse, referred to as the 1PPS. Between these pulses, a message
that supplies the spacecaft clock and UTC values at the next pulseis snt.

Telecommands are sent by the spacecaft to notify the instrument when a slew is about to commence or if a signalled
slew has been abandoned.

Prior to slewing to the next source referred to here @ the target, the Figure of Merit Procesor (FOM) sends out a
record detaili ng the next observation. It is referred to as the FONEXTOBSINFO message. This includes an identifier
uniquely spedfying the next observation and a flag identifying it as an automated or planned target. For an automated
target the time since the source was deteded and whether this is the first visit to that source ae dso gven. The target
right ascension, dedination and roll are supplied, together with the anticipated maximum observing time on the source
before the next interruption, allowing for anticipated interruptions by the SAA. For al types of observations it further
supplies avalue known as the UVOT mode that the ICU uses to seled the sequence of exposures to run on the target.



The BAT supplies a message detaili ng burst brightness information.

Finally, the XRT may supply arefined pasition for a GRB whilst the UVOT is performing the finding chart exposure.
Thisimpads on the aeaof detedor that needs to be processed to ensure the inclusion of the source.

2. DESIGN PHILOSOPHY

In order to achieve the flexibility required, a design based primarily around threetypes of tables dored in eledricdly
erasable programmable read only memory (EEPROM) was chosen. All these tables have an associated Cyclic
Redundancy Ched (CRC) value that is used to validate each table & it is loaded into random access memory (RAM)
prior to use. It is intended that mogt, if not al, proposed changes to the behaviour of the system can be atieved by
modifying one or more of these tables.

The first type of table is a dataset. These will be cnfiguration description values that may change & a result of testing
or observations.

The seaond type is an adion table. It defines adions that are to take placewhen an event or combination of on-board
values ocaurs.

The third type of table contains the adion detail s. It is a sequence of command words derived from text files containing
scripts that are known as Relative Time Sequences (RTSs).

In addition, to determine if there ae known bright sources close to or in the field of view, planetary position
cdculations are performed and an on-board star catalogue is chedked.

3. THERTSSYSTEM

3.1 OVERVIEW

RTSs provide aseparate layer of “software” on top o the Ada ade that deds only with the higher-level aspeds of
UVOT control. As the Integrated Test and Operations System (ITOS) is used as the satellite control and monitoring
system for the Swift mission, the syntax of the RTSs is, by design, similar to ITOS procedures (which are somewhat
like Unix scripts). RTSs therefore at¢ as an ontboard UVOT command facility into which changes in ideas and
circumstances can more reaily be incorporated.

Only one (top-level) RTS may run at any time, althoudh it may cdl other RTSs as subroutines. Each RTS is asdgned a
priority, which is also used by any RTSs cdled. If a cmmmanded RTS has a higher priority than the one airrently
running, the latter will be shut down and the new RTSrun in its place Priorities are set based firstly on safety and then
on science onsiderations.

3.2RTSSTATEMENTS
A RTS may contain any of the following statements:

Any UVOT telecommand: The aguments aupplied may be constants, references to the contents of standard memory
locdions or arguments given to the cdling RTS. A seacondary table, diredly derived from the ITOS database, contains
the formatting information for constructing the command on-board.

An RT-t0-RT telecommand: These ae system-to-system commands. An example of this is when the UVOT, after
receving arequest to slew, acknowledges to the spacecaft that it isready to dew.

A call to another RTS: This is analogous to a subroutine cdl. The aguments supplied may be cnstants, references to
the aontents of standard memory locaions or arguments given to the cdling RTS.



A delay statement: This alows a RTS to delay its next action for a number of clock-ticks, where a ¢ock-tick is 0.2
sewnds. The delay may be aconstant, a referenceto the contents of standard memory locations or an argument given to
the cdling RTS.

A wait for event statement: This causes the RTS to wait for a spedfied number of seconds — the timeout — for a
significant event to happen. An example of such an event is the successful completion of a filter whed rotation to a
commanded filter position. Should that event fail to occur by the end of the timeout, the RTS could, for example, shut
down and replaceitself with another RTS.

A chain statement: Thisis effedively an unconditional ‘wait for event’ with zero as the value for the timeout. It is used
to shut down the current RTS and run a complete replacement.

A flow control statement: An“if .. then .. else” construct is supparted. Blocks of statements are conditionally
exeauted depending on the values of certain Bodlean flags maintained by the underlying Ada acde. For example, it is
possble to respond differently if the instrument is in the SAA or when the ‘wait for event’ statement described above
excedlsitstime limit.

Internal calls: These ae commands to procedures supplied by the underlying Ada cde. They therefore ad as cdls to
built-in functions. An example of thisis a @l to the procedure that loads the seleded exposure mnfiguration into RAM
from EEPROM.

Return: A top-level RTS stops exeauting. A lower-level RTS returns.
Exit: The aurrent RTS, and any RTSs cdling it, stops executing.

Messages. A fadlity similar in concept to the Unix echo command is provided. This al ows appropriate diagnostic or
error messages to be sent to the ground.

Symbolic Constants and Comments. These ae provided to make the scripts more human-readable.

3.3THE RTSCONVERTER

The &ove RTS statements must be oo oo o oo
converted to command words _understood / Specificalion/é' flex A/Code/ / Data // StaIement/ / Table /
by an onboard command interpreter.

This is performed on the ground with a
utility generated using the GNU toadls ! J
flexandbison. Flex generatesthe c
lexicd analyzer (or ‘lexer’) layer while Compiler
bison generates the parser layer of the
code. The lexicd analyzer converts a

charader stream into a syntacticdly
meaningful string of text tokens. For / Pf"fflser, /L. bi son 47/ Pafze / / Data // RTS / / Action T 7/
example the stream of charaders “if Specification Code Image Image Image

true then” is anayzed and split up
into the meaningful keywords “if”,
“true” and “then”. These are then sent to the parser which recognizes the combination of those keywords in that
orderto bethestart of an“if .. then else” congruct. It then generatesthe gpropriate branchinginstructions. The
instructions are written into a file in a format suitable for uploading into EEPROM via ITOS. This type of file is
referred to as an “image” file.

» dcsgen

Figure 2: RTS Converter and I mage File Generation

It was found convenient to use this generator — referred to as dcsgen —to produce dl EEPROM loadable tables. This
was for two reasons. First, even for those tables that made no reference to a RTS, the lexicd and parsing capabiliti es
described above, together with the symbalic constants and comments, were useful in chedking and generating the



loadable files from a human readable text source. Secondly, those tables that made reference to RTSs require
knowledge of their code numbers, which are only readily avail able within the mnverter.

The dove processis summarized in Figure 2. A detail ed description of f1ex and bison may be found in reference 3.

34THE VIRTUAL CPU

A standard areaof EEPROM contains the generated set of command words. These ae best considered as analogous to
asembler instructions encountered by a simple hardware CPU. The on-board code is a virtual cpu that, from within a
simple loop, reads a cmmand word from EEPROM and then cdls aroutine that performs the instruction corresponding
to that word. It thus ‘executes the emmmand word, analogaus to a hardware CPU exeauting an assembler instruction.
For example, if the command word means 'switch on detedor’, then aroutine that performs the necessary instructions to
switch on the detector would be cdled. The virtual CPU normally obtains the next instruction from the next location in
EEPROM. However, branch instructions modify that value acording to a true or false value found at the top o its
internal stack.

Eadh of the routines cdled is draightforward in what it does. This enables them to be thoroughly tested prior to launch
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and not require modification on orbit.

The design wses a stack to hold all temporary values. Thisis primarily to exploit the nested nature of the RTS language,
for example, in allowing the pasgng of parameters to paentially deeply nested cdls to RTSs. It also permits a simpler
code design. All commands that produce aresult placethe values on the top d the stadk and commands requiring
results of prior operations always find them on the top d the same stack. In order to fully exploit this gructure, there ae
‘push value onto stack’ or ‘push number at a RAM locaion onto stadk’ instructions available to the virtual CPU.

The flow diagram for Figure 3 ill ustrates the simple structure of the virtual CPU. For clarity, not all possble command
codes are shown.

4. EEPROM LOCATED TABLES

As gated ealier, there ae 3 types of table images gored in EEPROM, RTSs, Data and Action Tables.

Data Tables: These mntain sets of numbers that may need to change in the murse of the mission. These include
cdibration data for the on-board high voltage ramping and heaer control algorithms. Two further tables contain the AT
and PT exposure onfigurations. Count rate and avoidance angle tables are also present and are more fully described in
the On-Board Catal ogue sedion.

RTSImages: These mntain the trandated versions of the RTS scripts and an index into them.
Action tables: These dedare aRTSto be runif conditions match entriesin the table. They consist of:
a) A state change table, the usage of which isdescribed in the UVOT State Transitions sdion.

b) A limit-checking table that states which RTS is to be run when alimit fail ure for a particular engineaing item
occurs. The items sleded are aiticd to instrument safety, such as voltages or temperatures. For ead one, the
expeded high and low limits, the frequency with which they should be padled and the maximum number of
conseautive times the limit may be exceealed are dso given.

c) An errors adion table that states which RTS is to be run to perform an error recovery adion. All telemetry
from the ICU and DPU is internally monitored for error messages. When one is deteded, the table is then
consulted and the RTS run. The design allows for up to 256such messages.

5. THE BRIGHT SOURCE SYSTEM

5.1 ON-BOARD CATALOGUE

The ICU software uses an ontboard star caalogue to determine the magnitude and colour of starsin, or close to, the
target field of view. Thisinformation is used in two waysto proted the detector from bright source damage:

1. If the star is within an EEPROM tabulated angle of avoidance aound the field of view for that magnitude,
observation of that field of view is prohibited. This prevents gray light (for example, reflected dff the baffle)
entering the optics.

2. Ifthestarisinthefield of view and dces not violate any angle of avoidance aiteria, its colour is used to index
into atable giving theoreticd count rate a a function of filter and then scaded by the atalogued magnitude.
The oourt rate for ead star thus cadculated is used to dedde how long, if at all, an observation at a particular

pointing, in that filter, can safely continue. The lour index isaB-V magnitude.

The cdalogue is stored in EEPROM and is divided into three ontiguous sdions: the main catalogue, the addendum
and the pointer table



The main catalogue: This contains gars down to 12" magnitude. As the detedor is more sensitive to blue than to red,
sources that are too red to affed the detedor are filtered ou. Over 200000 stars are stored, derived from the Tycho II,
GCVS I, NGC and Yae Bright Star caalogues. The cdalogue is 9lit into 2524sky areas of approximately equal
solid andle, in 44 dedination bands. Within ead areathe pasition of ead source is gored to +/- haf an arc minute
acaracy in the right ascension and dedination axes, relative to the origin of the aea, along with ead source’s
asciated magnitude and colour informetion. Each sky areais followed by a CRC value for memory corruption
chedking.

The addendum: This is an arealeft blank in case any sources were omitted from the ctalogue prior to launch. At
minimum it consists of a marker to show that there ae no more sources gored, and the remaining memory zero filled,
except for the last word, which isa CRC value. If asourceis added to the aldendum then it will be put at the beginning
of the aeg and foll owed by the marker.

The pointer table: This allows quick accessto caalogue data. It holds a set of pointers that, via two levels of diredion,
point to ead sky area It is CRC proteded.

52 PLANETARY POSITIONS

In order to proted the instrument from moving cdestial objed damage, the ICU cdculates the paositions of the Sun,
Earth and Moon as a badkup to the protedion already provided by the spacecaft. In addition, similar cdculations are
performed for Venus, Mars, Jupiter, Saturn, Uranus and Neptune, as the spacecaft does not provide this information.
All target fields of view are compared against these paositions and an EEPROM located table of angles of avoidance
Any violation of those angles prevents the exposure except in the ases of the fainter planets Uranus and Neptune,
which are onsidered as gars and a maximum observing time deduced instead.

The positions are cdculated using formulag agorithms and datagiven in references4, 5, 6 and 7.

6. UVOT STATE TRANSITIONS

In order to achieve its goals, the ICU must successfully transition the UVOT between several instrument configuration
states. The possble transitions are shown in Figure 4.

Each state transition is performed by a RTS. A look-up table located in EEPROM contains a list of those RTSs against
the requested transition. It also contains the expeded state of internal ICU flags for that particular transition to be
allowed to take place Thistableis used in two ways.

On command: A telecommand requesting a particular transition is issued from the ground or, aternatively, from a
running RTS. Thetable is sanned for a match against bath the current state and the requested state. If a match is found,
therelevant RTSis leded and executed. If no match isfound, the cmmmand isrejeded.

Autonomously: A number of events will cause the ICU to seled the required state transition itself by comparing the
table of internal 1CU flags against the expeded values. If a match is found, the RTS is selected and exeauted. If no
match is found, the request isignored. The eventsthat trigger such aresporse ae

1. The settled flag becoming false
2. Therecetion of the FONEXTOBSINFO message
3. The ‘within 10 arc minutes of target’ flag being set to true.
4, Entry or exit from the SAA.
The purpose and adivities of ead state ae summarized below.

Safe: Asits name implies, in this state the instrument is configured to be least susceptible to damage. The filter whed is
in ablocked pasition and the high voltages (HV s) are set to zero.
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Idle: The UVOT is configured to be ready to olserve but is awaiting the next slew. As a safety precaition the cahode
voltage is held down at zero and the filter whed may be placed in blocked pdasition until observations commence.

Jewing: Inthis gate, the ICU must (a) cleanly shut down any current observation, (b) determine the target paosition of
the slew and the type of observation to be performed when the lew has sttled, (c) verify, by calculation, that there ae
no hright planets or, by examining an on-board caalogue, that there ae no bright stars at that locaion that might
damage the detedor and then (d) configure the instrument for that observation. If there ae bright sources at that
paosition, it must ensure that the exposure does not take place ad take gpropriate wrredive adion, for example by
reducing the gain of the image intensifier and pladng the UVOT into idle state.

Settling: After anew GRB has entered the UVOT s field of view but before the spacecaft has sttled, it is observed by
colleding an event list. Asthe target will be moving rapidly it is not possble to colled an image.

Finding Chart: If the target is a new GRB, then once the spacecaft has ttled, a 100 second exposure is made in a
standard filter to produce afinding chart that will be sent to the ground. In many cases, by the end of the exposure, the
XRT will have reported an improved pasition for the source The ICU uses that information, and the GRB brightness
information supplied by the BAT, when it configures for the subsequent Automated Target exposures.

Automated Target (AT): Whilst the GRB has no pdnting constraints — this period of time being referred to as a
snapshot — the ICU will configure and run a series of exposures. The predse anfigurations used, for example which



filter, the area of the detector used and whether an image, event list or a combination should be acquired is tabulated in
a list stored in EEPROM using the UVOT Mode parameter supplied by the Figure of Merit (FOM) in the
FONEXTOBSINFO record. They are also a function of whether a refined target position was received from XRT and
the intensity of the GRB

Planned Target (PT): The ICU will configure this type of exposure when the FOM informs the ICU, via the
FONEXTOBSINFO record, that the spacecraft is performing a planned observation. The precise configuration is
selected from alarge possible selection stored in EEPROM, using the UV OT Mode parameter supplied.

Safe Pointing (SP): The ICU will configure this when informed that the spacecraft is slewing to a safe pointing. This
type of exposure occurs when no automated or planned targets are available. They are similar to PT exposures.
However, an important difference is that it is not possible to perform the safety calculations that are normally carried
out in the dlew state, as the target pointing information is not available until the spacecraft is settled.

South Atlantic Anomaly (SAA): In this configuration, the instrument is configured to be safe whilst passing through the
SAA. In particular the MCP bias voltage is held at 70% of its nominal value and the cathode voltageis at zero.

7. OVERALL DATA FLOW

Figure 5 illustrates how data flows between the software modules dependent on the software components described in
this text.

Command Distributor: This module receives not only all the commands and messages sent on the spacecraft bus, but
aso al commands internally generated by the RTS Manager. It then distributes them to the appropriate software
module.
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Figure5: Overview of Autonomous System.



Observation Manager: This module monitors the spacecraft and FOM messages and maintains a record of the status of
the ICU. It uses this information to determine when it is appropriate to issue a suitable RTS command. It accesses the
state management tables as well asthe AT and PT configuration tables described above as part of this process.

Bright Objects Manager: This returns information about planets and stars near or in the target field of view, using the
star catal ogue and avoidance angle tables described above.

Limit Checking: This monitors critical engineering values. Using the table described above, it issues requests, if
necessary, for a RTS to perform recovery actions from alimit failure.

Telemetry Queue Manager: This monitors all outgoing telemetry for error messages and, using the table described
above, issues areguest to run arecovery RTSif required.

RTS Manager: This module executes the RTS. It consists of the virtual CPU code to execute the RTS, together with
software to scan the RTS index image to permit rapid location of a given RTS.

8. TESTING AND VALIDATION

The ICU code must function as part of a co-operating system of processors. A high degree of fidelity to the flight
system is therefore required at the development stage. Figure 6 illustrates the in-house environment used to test and
validate the |CU software.

The ICU used is the qualification model (QM) ICU. The DPU simulator is a DOS-based PC with a SSI interface card.
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Figure 6: Overview of Testing Environment.



This runs a C-based program that monitors the SS interface and reads to any DPU commands recaved from the ICU
with an appropriate response. The spacecaft is ssmulated either via aSouthwest Reseach Ingtitute or Spedrum Astro
supplied Spacecaft Simulator, subjed to their availability. The UVOT telescope module is emulated by C-based code
running on a Linux based PC containing an interfacerepresentative of the ICB. This code was adapted from software
developed for asimilar purpose for the UVOT heritage instrument, the XMM-Newton Opticd Monitor. ITOSisrunon
a Linux based PC and is used to control tests, display housekegping and maintain logs. All code is maintained in a
Concurrent Version System (CVS) controll ed repository on a Solaris based Sun. A debug PC, interfaced to the ICU via
aPIC based interface is used for rapid code load dred into memory and to monitor debug locations.

A comprehensive test plan was devised. As well as checking that all nominal Settling, Finding, Safe Pointing, AT and
PT exposures were mrredly performed, additional emphasis was placeal on the foll owing:

1. Corred ealy termination, or prevention, of al types of exposures due to the presence of caalogued bright
sources or planets.

2. Appropriate interruption of any type of expasure when entering, and a crred recmvery on leaving, the SAA.

3. Corred remvery adion in the event of a limit being exceeded, an emergency shutdown warning from the
spacecaft, any violation of avoidance angle aiteria, alossof spacecaft attitude and internal error messages.

CONCLUSION

The SWIFT/UVOT requirement for on-board autonomous control of expasures and hedth and safety, together with the
anticipated neal for flexibility of control during the curse of the misson, presents a challenging design problem. The
on-board pladng o high-level scripts executed by a simply constructed virtual CPU, in circumstances defined by
reaily reconfigurable tables, has proved highly adaptable in deding with problems encountered during pre-launch
testing. This flexibility is achieved without the need to modify and reload the main Ada code and is further re-enforced
by the short time that a reload of a particular table takes. It is anticipated that this adaptability will continue into the
post-launch phase, all owing potentially wide-ranging changes to the wntrol of the instrument in order to achieve future
scientific goals.
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