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1. Scope

A separate document “Real Time Control System Programmer’s Guide” provides a
description of the structure and details of the C40 software itself. For a general
perspective on the C40 software, its purposes and development history, aswell asa
glossary of common terms, one should aso consult the early, introductory sections of
that document.

2. Overview

The NAOMI real-time C40 software is normally accessed via higher-level graphical
user interfaces (such as TopQui ) or scripts (such as Aut oConf i g). These
applications use the NAOMI sequencer and EPM (Electra process monitor) to
coordinate manipulation of the C40s with control of other NAOMI systems (for
example, EPICS mechanism control or reconfiguration of the SDSU Wavefront
Sensor CCD controllers). Thereis, however, a set of commands that access the C40s
directly, bypassing the Sequencer and EPM. The purpose of these commandsis for
engineering access, troubleshooting, or for unusual activities such as detailed
component recalibration. This document describes these commands.

Thereis also asuite of GUI applications at the sub-sequencer level (WFSAI i gn,
MrrorM m c,ReconM m c, Dat aDi ag), inherited from Electra, and now
superceded by TopQui . These are not documented here, but will be included in the
little-used software section of the Real Time Control System Programmer’s Guide.

The commands described in this document are divided into three main categories:
WFS, SGand RT. These denote Wavefront Sensor, Strain Gauge, and (generic)

Real Time commands respectively. The appropriate prefix (WFS, SGand RT) must be
prepended to the commands as indicated in the syntax summaries below. The other
frequently used command of thiskind isc40Run, which is currently only available
on aocontrol 1. It takes a single parameter which is the name of a C40 realtime
configuration to boot and set up. The default realtime configurationisNaom and it
isused by the Naom Rest ar t script and the corresponding buttons on TopGui .

2.1Bug on Power Cycle of aocontroll

Thereis currently aproblem using c40Run Naom (or the equivalent use of just
c40Run or Naom Rest art or the boot/reset buttons on TopCGui ) after a power
cycle of aocontroll. It is recommended logging into aocontrol 1 (for example by r sh
from thenaom account on navis) and using the command:

c40Run Naom I nterl eaveZei ss.

Thiswill fix the problem until the next power cycle of aocontrol 1. The reason for this
behaviour is unknown at present.



3. Commands

If entered with missing parameters these commands will print a syntax indication as
part of the error message. If the prefix is entered alone then alist of commands, each
normally accompanied by a short help string, will be printed. Some commands may
be printed that have been removed from the list below. These are very obscure and
should be avoided.

Where command arguments have been indicated below [<arg>] stands for an optional
argument.

3.1WFS commands

WFS AddWFSof f set s
adds (optionally gain-multiplied) offsets from afileto the
current ones

WES BreakTransacti on
Break the (real-time level) WFS transaction lock

WFS O ear Hi ccup
Clear RAL WFS hiccup - ELECTRA only

WFS Cl oselLoop
close the WFS loop

WES Convert Fr onO dWFSof f set s
convert a WFS offset dataset from the old offset format
to configutilities format

WFS Convert Tod dWFSof f set s
convert a WFS offset dataset from the configutilities format
to the old file format

WFS Esti mat eFr anel nt er val
Estimate WFS frame gap

WFS Cet Backgr oundFl uxMenory
Get background flux memory (temporal filter constant)

WES CGet Centroi dBi as
Get Centroid Bias

WES CGet Centr oi dDeci nat e
Get Centroid Decimate

WFS Cet Cent r oi dWei ght
Print pixel weighting for centroiding

WES Get Centroi ds
Print Live Centroid XY data



WFS Cet Del ay
Get the inter-frame interval

WFS Get Fl uxMenory
Get flux memory (temporal filter constant)

WFS GetFrameProcess
Get Frame processing (SDSU)

WS Cet Gai n
Get segment loop gains

WFS Get Li veTi pTilt
print out tip-tilt value from diagnostics

WFS Get LoopSt at e
Gets current state of segment control loop

WES Cet Pi xel Deci mat e
GetPixel Decimate

WFS Get Pi xel s
Print Live pixel data

WES CGet ReconstructorMatri x
Get the reconstructor matrix

WFS CGet SDSUst at us
Get SDSU status information

WFS Cet Sel ect Appl0
Get Appl0 tip-tilt only mode select switch

WFS Get Surrogat eWFSapp
Get Surrogate WFS mode which the C40s simulate from full frame data

WES Get TTonl yGai ns
Get the global tip-tilt only mode x and y gains

WFS Get TTonl yLim t
Get the global tip-tilt only mode limit

WFS GetTipTiltGain
Get the global tip-tilt offload x and y gains

WFS CGet WFSof f set s
Get the WFSoffsets in configutilities format

WFS LockDAC
Control the WFS loop state (closed/open)



WFS Mul ti pl yWFSof f set's
Multiply the WFSoffsets by again

WFS OpenLoop
open the WFS loop

WES Pri nt Li veXYZt 0ABC
print the geometry matrices in areasonable format

WFS Ral Set upCent roi dBi as
Determine the bias values for centroiding

WFS Ringlnit
Initialise WFS ring - not required in normal operation

WFS RingStart
Starts realtime ring running. Argument is number of iterations to do

WFS Ri ngSt at us
Get WFS ring status

WFS Ri ngSt op
Stop WFSring

WFS Ri ngTest
WFS ring test - not appropriate for normal operation

WFS SaveCentroi dBi as
save Centroid Bias to adated configutilities format file

WFS SaveSt at e
Save RT parameters

WEFS SaveWFSof f set s
save WFS offsets to a dated configutilities format file

WFS Set Backgr oundFl uxMenory
Set up decay constant for background flux low-pass filter

WFS Set Backgr oundWei ght
Set up background weighting for centroiding

WEFS Set Cent r oi dBi as
Sets the WFS centroid offsets from a named ConfigUTtilitiesfile

WES Set Centr oi dDeci nat e
Set the centroid decimation factor



WFS Set Cent r oi dWei ght

Set up pixel weighting for centroiding
WFS Set Del ay

Set the inter-frame interval

WFS Set Fl uxMenory
Set up decay constant for flux low-pass filter

WFS Set Fr anmePr ocess
Setup Frame processing (SDSU)

WFS Set Gai n
Set the segment loop gains

WFS Set | nterval
Set timer interval for dummy algorithm

WFS Set Pi xel Deci mat e
Change the decimation of pixel datain the WFSring

WFS Set Qui ckPi st ons
Switches on/off the option to process pistonsin the current
rather than the next frame

WFS Set Segnment TiltLimt
Set limit on segment tilt excursions

WEFS Set Sel ect App10
Switches on/off the option to interpret SDSU 0 frames as mode 10
rather than mode 8

WFS Set St at e
Restore saved RT parameters

WFS Set Sur r ogat eWFSapp
Set Surrogate WFS mode which the C40s simulate from full frame data

WFS Set TTonl yGai ns
Set the Tip-tilt only mode x and y gains

WFS Set TTonl yLi m t
Set the Tip-tilt only mode limit

WES Set Ti pTiltGain
Set the global tip-tilt offload x and y gains

WFS Set WFSof f set s
Sets the WFS centroid offsets from a named ConfigUTtilitiesfile

WES Set WFSof f set sToCur r ent Centr oi ds



Sets the WFES offsets to the current centroids

WFS Set upCent roi dBi as
Setup the WFS centroid bias using current pixel values

WES Set upDef aul t WFSof f set s
Saves the WFS centroid offsest into a new version of the default
ConfigUtilitiesfile

WFS Start
Starts WFS ring running. See also RingStart

WFS St at us
Get WFSring status

WFS St op
Stop WFSring

WES Test WFSof f set s

WFS WFSdummyM ode
Set the WFS ring into dummy mode

WFS WFSri ngBoot
Boot and setup the wavefront sensor ring

WES Zer oCent r oi dBi as
zero WFS centroid bias

WFS Zer oReconstructorMatri xEntries
Zeros reconstructor matrix rows relating to segment list

WFS Zer oReconstruct or Matri xMap
Zeros reconstructor contributions/pistons for matrix according

to seg maps

WES Zer oWFSof f set s
Zeros the WFS offsets

WFS t est
test command line interface

3.2SG commands

SG BreakTransacti on
Break a SG transaction

SG ChanPrint [ <DACchannel >]
Print information about a DAC channel. This includes the mirror segment, 1D
and corresponding ADC processing CPU, if applicable.



SG d ose

SG DAt 0SegAct
SG Get ADCcapt ure
Get SG ADC capture diagnostics

SG Get ADCcapt ur eDeci mat e
Get SG ADC capture diagnostics decimation value

SG CGet ADCcapt ureSettings
report StrainGauge ADC capture channels
for requested CPUs (default: all SG ADC CPUS)

SG CGet ADCsnapshot
Get SG ADC snapshot diagnostic data

SG CGet ADCsnapshot Deci mat e
Get SG ADC snapshot decimate value

SG Get Current ADC
Get live SG ADC vaues

SG CGet DACsnapshot
Get DAC snapshot diagnostic data

SG CGet DACsnapshot Deci mat e
Get SG DAC snapshot decimate value

SG Get Feedf orward
get the SG feedforward flag

SG Cet Fi nal Demand
retrieve mirror (final demand) flat from SG mirror interface CPU

SG Cet Final Ti pTil t
Get mirror final demand from the SG mirror interface CPU

SG Get Gain

SG Get | nput Demand
Get mirror input demand flat from SG mirror interface CPU

SG Get I nterval
Get the SG cpu interrupt interval

SG CGet Synchroni se
Get the SG synchronise flag and last synch clocks parameter

SG CGet Tenperature
Get the current temperature probe values



SG Get Wavef orm

SG GabM rror
Retrieve mirror (input demand) from SG mirror interface CPU
and write back as anew flat to the WFS ring mirror control CPU

SG Log
print log on SG cpu

SG Mul tiplyCal Ofsets
Multiply current SG cal offsets by factor

SG OfsetDrift
Figure out how much the strain gauge offsets have drifted

SG Open
Open the SG control loops

SG Print Pass
Print the SG passwthrough table

SG RestoreO fsets
Restore SG cal offsets to defaults

SG Run
boot and route the SG ring CPUs

SG SGset I nterval
Set the SG CPU interrupt interval

SG SaveM rror
Save mirror (input demand) from SG mirror interface CPU

SG Set ADCcapt ur eDeci mat e
Set the SG ADC capture diagnostic decimation

SG Set ADCsnapshot Deci mat e
Set the SG ADC snapshot diagnostic decimation

SG Set Capture
select a StrainGauge ADC contiguous capture diagnostics channel
the argument is a DA C-order channel number. The appropriate CPU
is selected and any previous selection on that CPU is overridden

SG Set DACsnapshot Deci mat e
Set the SG ADC capture diagnostic decimation

SG Set Feedf orward
Set the SG loop feedforward flag



SG Set Gai n
Set the SG loop gain

SG Set Rect angul ar Wavef orm

SG Set Si neWavef orm <dchan> <freq> <basel i ne> <anplitude>
Inject asine wave onto a DAC output. Used to drive aDM segment
Or FSM channel with asingle frequency in order to perform bandwidth tests.
The parameters are as follows:
<dchan> isthe DAC channel number. 30 and 31 are FSM tip (X) and tilt ().
<freg> the Sine wave frequency in Hz
<baseline> the base value of the sine wave in DAC units (0 — 8191)
<amplitude> the amplitude of the sine wave in DAC units (0 — 8191)

It is possible to have one waveform set up per SG ADC CPU. However itis
necessary to know which DAC channels are processed by which ADC CPUs
to set this up.

To find out the ADC CPU (and mirror segment ID if applicable)assosi cated
with a DAC channel number use:

SG ChanPrint <dacChan>

To stop awaveform use SG St opWavef or m

SG Set Synchr oni se
set the WFS/SG loop synchronisation flag

SG Set Wavef orm
set awaveform output channel
arguments are the DAC channel number, the repeat flag (1=repeat), and the
waveform list itself

SG Set upCal O f set
Setup default SG cal offset

SG Snoot hCl ose
Close SG loops whilst maintaining mirror position

SG Snoot hOpen
open the strain gauge loops smoothly (by transferring the final
demand back to the WFS loop).

SG Start
Start framing

SG St atus
print SG CPU ring status

SG St op
Stop framing



SG St opWavef or m [ <CPU>]
switch off awaveform output channel
argument isalist of CPU IDs (default: all)

SG TestM rror

SG t est
test command line interface

3.3RT commands

RT BreakSQ& ransacti on
Break an SG ring transaction

RT Br eakWFSt r ansacti on
Break a WFS ring transaction

RT DebugConport

RT CGet Al gorit hmVer si on
Print the version number of the running algorithm

RT Print DebuglLog
Print the realtime debug log buffer

RT test

4. Bandwidth measurement tools

To inject atest sine wave onto the FSM or aDM segment use the commands

SG ChanPri nt [<DACchan>]
SG Set Si neWavef or m <dchan> <freq> <basel i ne> <anplitude>
SG St opWavef orm [ <CPU>]

The full syntax for these commands is described above. If it isdesired to inject asine
wave into the whole system then this can be done with the Nasmyth Calibration Unit
(NCU). Aninternal pinhole may be deployed under EPICS control by the “Mask”
control in the Calibration Unit panel on Mechanisms page of TopGui. The light from
this mask bounces off a special additional tip tilt mirror manufactured by
Physikelnstrumente (PI). A PI controller is available in the NAOMI mechanisms rack
(about halfway down in an individually mounted box). Sine or pink noise test
waveforms may be injected into this controller using a special test unit built by Simon
Tulloch. Particular attention should be paid to whether the quality of the depoloyable
mask pinholesis appropriate for the work to be undertaken.

Responses to waveforms (open or closed loop) may be measured using the WFS or an
external detector, such as JOSE. An example of measuring bandwidth using the WFS
isunder development in the python procedure:



Navi s: / honme/ r m El ect r a/ Real Ti ne/ pyt honModul es/ Measur eBan
dwi dt h. py

To set up as adeveloper in order to have a private staging area version of this
software, consult the Real Time Control System Programmer’s Guide. To invoke the
procedure, go to the directory and use

./ Measur eBandw dt h. py bandw dt hSweepNaom . py

where bandw dt hSweepNaom . py isan editable configuration file which is used
to specify the measurements to be taken. This software is under development so
consult Richard Myers (Durham) if problems are encountered. The software uses the
GIST graphics package.

The Diagnostics page of TopGui can launch live traces and power spectra of many of
the system variables, and can be used in order to examine the effects of injecting a
sine wave, for example.



