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1 ABSTRACT

The procedure for setting the input and output matrices in a suspension controller is given.

2 KEYWORDS
SUS, suspension controller, LOS, SOS

3 DOCUMENTS

http://blue.ligo-wa.caltech. edu:LHO CDSWeb server, with many useful links to docu-
mentation of the CDS network and the DAQ system at Hanford.

http://1ondon.|igo-Ia.caltech.edu:LLO CDSWeb server, with many useful linksto doc-
umentation of the CDS network and the DAQ system at Livingston.

http://ww. | i go. cal tech. edu/ ~j ay : Jay Heefner’'sweb page, with schematics of the suspen-
sion controllers, and the rack wiring at both LHO and LLO.

http://ww. | i go. cal tech. edu/ ~rol f : Rolf Bork’s web page, with assorted CDS documenta-
tion including the equipment lists for the racks.

4 VERSION HISTORY

2/18/00: Version used at initial training session at LHO.
3/8/00: More screenshots.
3/16/00: Update of LL O-specific parts, expanded software section.

3/22/00: Rev 00. More screenshots, corrections to section on SensMat ri x2. mroutine (formerly
PendMat ri x1. m).

6/30/00 Major revisions to reflect simplifications made to software. New screenshots from current
LHO screens.

8/30/00 Extensions to include new pitch and yaw actuation tuning
9/1/00 Fleshing out of sections on pitch and yaw actuation tuning
9/12/00 Rev A - final tidy-up of new stuff

5 OVERVIEW

51. Aim

The suspension controller el ectronics convert the OSEM sensor outputs into mirror monitor sig-
nalsin aposition-pitch-yaw basis, using a sensing (a.k.a. input) matrix of 12 weights. After posi-
tion, pitch and yaw control signals have been generated, they are converted to coil drive signals
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for the magnet/coil actuators using an actuation (a.k.a output) matrix of 12 weights. The tuning
procedure described here tries to compensate for differences in the sensors and actuators so that
the monitor signals are as pure measures of position, pitch and yaw as possible, and that the con-
trol signals produce as pure displacementsin position, pitch and yaw as possible. At the sametime
it tries to reduce unwanted couplings to the side sensors and actuators.

There are two distinct parts for the tuning procedure: the tuning of the sensing matrix and the tun-
ing of the actuation matrix. There are different versions of the procedure for tuning the position
component of the output matrix. One uses optical levers and the other assumes that the input
matrix is already tuned and so giving reliable estimates of pitch and yaw.

6 TOOLS
6.1. Hardware

6.2. Software

Apart from occasional tripsto the LVEA or mid- or end-stationsto set up cables, the entire proce-
dure can be done from the control room using software available on the CDS workstations.

6.2.1. Directory Structure

At LHO, the directory for files relevant to this procedure is

/ opt / CDS/ d/ ops/ sust une/

in the CDS filesystem. The equivalent directory for LLO is
/opt/LLQ ¢/ ops/ sustune/

All filesin these directories should be owned by the user ops.

The mat | ab subdirectory of the above contains Matlab software that is common to al optics. As
far as possible, new Matlab routines should be written to avoid hard coded paths. At each observa-
tory there is a custom version of aroutine wher eani . mwhich defines variables for all currently
relevant observatory-specific paths, and this should be invoked wherever relevant so that all other
files are observatory-independent.

Files specific to a particular optic should be in a subdirectory with an appropriate name, e.g.,
i t mx2k. Each optic subdirectory should have abur t subdirectory (e.g., i t mx2k/ bur t ) contain-
ing request files (. r eq) and snapshot files (. snap) for the backup and restore utility.

Thet enpl at e subdirectory contains software that is intended to be copied and modified for par-
ticular optics. Thisincludes saved states for the Data Viewer and GDS tools as well as Matlab
command files. Modified versions of the template files should be placed in the appropriate optic
subdirectory.
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6.2.2. Remotelogin and file transfer

The material in this section should not be relevant to the eventual final version of the procedure
but isincluded for the convenience of people working on improving it, especially the custom soft-
ware that has been written. Improved versions of the custom software will commonly need to be
copied from one observatory to the other.

Observatory computers are divided into two classes. GC (general computing) and CDS. GC com-
puters have full internet access. CDS computers are on a private network local to the observatory.
Communication between the CDS network at an observatory and the outside world is via a gate-
way machine which is also on the GC network. These arebl ue. | i go-wa. cal t ech. edu a LHO
and | ondon. | i go-1a. cal tech. edu a LLO.

The CDS machines have an account ops which should be used for the proceduresin this docu-
ment. The passwords for opsat LHO and LLO are an open secret and can be found out by asking
anyone at the observatories. For GC machines, you will need a personal account and password,
obtainable from Christine Patton at LHO or Tom Evans at LLO.

Remote logins can be made to GC computers running Unix using ssh (t el net isdisabled for
security reasons). Good computers for remote logins (i.e., fast, full complement of software)
include spokane. | i go-wa. cal t ech. edu and decat ur. | i go- | a. cal t ech. edu. Some comput-
ers (especialy at LLO) aso haver | ogi n enabled, but this should not be used from outside the
observatories because it is a security risk. Note that if you have logged in to a GC machine under
your personal username using ssh, you cantyper| ogin -1 ops gat eway- name tor| ogi n tothe
gateway as user ops.

The gateway machines support ssh but access doesn’t seem to work from some machines, proba-
bly due to differing versions of ssh. The GC machines seem to be more tolerant, so if you experi-
ence problems, first use ssh to a GC computer at the same observatory as the gateway and then

rl ogi n to the gateway.

Files can be transferred to or from most GC computers with f t p, but thisis a security risk and
sft p (secure ftp) should be used whenever it's available on the computer you're connecting from.

The gateway at LHO, bl ue, has both the GC and CDS filesystems mounted, so files can be copied
between the two using cp. It also recognises LHO GC usernames. It has an sf t p server but no
plainftp server. Thereisasecondary gateway machine gol d with aplain ftp server which can be
accessed from within LHO GC. The gateway at LLO, | ondon, has only the CDS filesystem and
allowslogins only to CDS accounts. At the time of writing it had an sf t p server but it didn’t
work, and although it hasan f t p server, this should not be used from outside LLO if possible
because of the security risk. Therefore the easiest safe way to transfer files between the two CDS
systemsistolog ontol ondon and use sft p to bl ue.Whatever method you are using, be sureto
be logged on as ops before adding files to the CDS side, to ensure that they have the correct own-
ership.

6.23. EPICS

EPICSistheinterface software to much of the data acquisition hardware. It underlies much of the
other software, including MEDM and BURT. If software that relies on EPICS isto be run from a
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terminal window, EPICS must be initialised first. However it should not be initialised more than
once in the same terminal window.

6.24. MEDM

The status of the mirror controllers and the optical leversis monitored and changed using control
screens specified by . adl filesand displayed by MEDM. If the full site display (si t emap. adl ,
see Figure 1) is not already running, right click on the workstation desktop and choose “LHO Site
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Map” (or TBD for LLO) from the popup menu. The suspension controller and optical lever dis-

LIGO-T000003-A

plays can be found in popup menus on the site display.

Each suspension controller display (see Figure 2) is organized as a block diagram. The sensing
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matrix is viewed and adjusted in three subdisplays, one for each monitor (position, pitch and
yaw). Each subdisplay is accessed through an icon on the left of the position, pitch or yaw path in
the diagram. Click once on the appropriate icon to examine or adjust the weights (see Figure 3).
Each subdisplay has four weights, one for each sensor (UL=upper left, LL=lower left, UR=upper
right, LR=lower right). The default value for these weightsis 25.

The original version of the actuation matrix (see Figure 4) consists of four subdisplays, one for
each of the UL, LL, UR, and LR cails. In each subdisplay, there are three weights corresponding
to position, pitch and yaw. The four subdisplays are accessed through the icons after the LSC and
ASC inputs and before the cail test inputs in the controller diagram.
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Thisversion was still in effect at LLO at the time of writing but 1S not intuitive because one com-
monly needsto set all the weights for asingle channel such as position, and this involves one con-
trol on each of four subdisplays. At LHO the 12 controls had been reorganised into three
subdisplays, one for each of the position, pitch and yaw channels.

The nominal default value for the output gains is 100 (although the controllers are commonly ini-
tialized to 50 after a hardware reset).

6.2.5. TheDataViewer

The DAQS Data Viewer is used to monitor the OSEM sensor and optical lever signals for plausi-
bility. To start it, bring up aterminal window and type“dv”, then“start” or “start 1” depending
on whether you want the output to appear on the left or the right screen of the workstation. (At
LLO, right-click in the desktop and choose the appropriate command from the pop-up menu.)
Master lists of the signal names available within DAQS are given in

<htt p:// gat eway/ dag/ conf . f ast > (or from outside, <htt p: // bl ue. | i go- wa. cal t ech. edu/
dag/ conf . fast > - not yet availableat LLO.)
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and

<http://gateway/dag/conf.slow> from the CDS network or <http://blue.ligo-wa.caltech.edu/dag/
conf.slow> (TBD at LLO) from the GC network.

The example signal names in this procedure are given for ITMx of the 2K interferometer at Han-
ford. Signal names for other optics can be obtained by substituting appropriate values for “H2"
and“ITMX".

Version 3.1 of the DataViewer (only at LHO at the time of writing) would hang if certain message
gueues had unpurged entries. If you experience this, find out the contents of the queues with the
command

ipcs -b
Then kill off all the messages corresponding to your username (ops) with commands of the form

i pcrm -q message- number
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6.2.6. GDSDiagnostic Tools

The GDS Diagnostic Tools are used for many of the actual measurementsin this procedure. To
start the GDS tools, right click in the workstation desktop and choose GDS Diagnostics Tools
from the popup menu. Signal names are as for DAQS.

6.2.7. Matlab

Much of the data analysisis done by programs running under Matlab. Thisis available on all con-
trol room machines at LLO. Just type mat | ab to start it. However as of 9/1/00 it isonly on the
machinecont rol 0 a LHO. To use it on any other machine, e.g., cont r ol 7, proceed as follows:

1. Bring up aterminal window.

2. DoanrlogintocontrolO.

3. Typeeither “set env DI SPLAY control 7: 0. 0" or “setenv DI SPLAY control 7:0. 1"
depending on whether you want to have Matlab graphical output appear in the left or right
screen of your workstation.

4. Type“mat | ab”. Note that this does not run Matlab, it only sets up directory stuff.

5. Type“start”.

When Matlab starts, set the working directory to the appropriate optic directory with acommand

like

>> pwd /opt/ CDS/ d/ ops/ sustune/itm2k % for LHO
Also, add the mat | ab subdirectory to the path with acommand like
>> addpath /opt/ CDS/ d/ ops/sustune/ matlab % for LHO

6.2.8. DataGet and other .mexsol routines

Dat aGet . nexsol isaMatlab extension that connects to the data server and downloads datainto a
Mat | ab format file. The up to date copy for LHO isat / opt / CDS/ e/ mat | ab/ appl . As of 9/8/00 it
was not officially installed at LLO. Therefore, to enable the routine to be used at LL O and to keep
things as similar as possible between the observatories, alocal copy has been placed in each mat -
| ab subdirectory, and the other routines are written to look for it there. Dat aGet . nexsol depends
on alibrary called f r ameMat which has also been copied. Thelocal copies need to be kept in sync
with the version of the data server. As of 9/8/00, the version at LLO (for protocol version 9) was
older than the version at LHO (v11).

6.29. XML Utilities

The command / opt / CDS/ a/ gds/ bi n/ xm di r (/ opt/LLQO a/ gds/ bi n/ xmi di r a LLO) givesa
directory of the information contained in an XML file.

The command / opt / CDS/ a/ gds/ bi n/ xm conv (/ opt/ LLQ a/ gds/ bi n/ xm conv at LLO) con-
vertsan XML fileto ASCII.

These utilities are invoked by some of the Matlab routines, especially the output matrix tuning
ones.
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6.2.10. BURT

BURT isthe backup and restore tool for use with Epics. It is useful for saving particular states of
the sensing and actuation matrices and restoring them quickly when desired. It isrun by giving the
commands

> setup epics # if this has not been done before for this term nal
> burt gooey &

in aterminal window. Full documentation can be found at <ht t p: / / ww. aps. anl . gov/ asd/
control s/ epi cs/ Epi csDocunent at i on/ Ext ensi onsManual s/ Burt/ Burt Man-

ual . book. ht m >, Briefly, aBURT request (. r eq) file consists of a set of control names to be
backed up (plus optional C-style comments). The control name for a control ina MEDM display
can be found by pressing the middle mouse button over the control. The name can also be conve-
niently entered into the request file by dragging with the middle mouse button from the control to
atext editor window showing the file. BURT processes the request file, producing a snapshot
(.snap) file with the current values of those controls. Later, BURT can read the snapshot file and
restore the saved values.

Each optic directory should have aburt subdirectory for . req and . snap files. Thet enpl at es
subdirectory hasanumber of . r eq filesfor common combinations of controlsfor ITMx2k. Rather
than recreate them from scratch for other optics it may be convenient to copy these and edit the
optic-specific part of each control name (the numeric part is consistent across controllers).

7/ GENERAL SETUP

1. Make surethat all the servos arein RUN or ACQUIRE mode, whatever is the appropriate
mode for that suspension. Thisis particularly important with the initial version of the control-
ler electronics because (i) the coil readback circuits are commonly blown by transients when
ACQUIRE mode is selected, and (ii) the bias voltages change between modes, putting the
optical lever out of range.

2. If anoptical lever isavailable, bring up the appropriate optical lever display. Check that the
optical lever is mechanically zeroed, or at least within range (+/- 1), with a significant sum
(>0.5). Get the aid of the appropriate person (Richard McCarthy at LHO or Rusyl Wooley at
LLO) and ensure that there are available four fast (2048 S/s) optical lever DAQ channels from
the 100 group of channels. The slow 1 S/s optical lever channelsin the ASC group won’t do.
Some optics such as I TMx have dedicated ones (H2:100-ITMX_OPTLEV _1, etc). For optics
that don’t have them (e.g., RM) you will have to commandeer some temporarily from another
optic.

3. If the GDStest outputs for the LSC test input (H2:LSC-ITMX_EXC) and the ASC pitch and
yaw test inputs (H2:ASC-ITMX_P_EXC) are available, they should be used for excitation.
Otherwise, wire up general-purpose GDS outputs (e.g., H2:.LSC MOD_1 EXC) to the appro-
priate test inputs of the controller.

4. Bring up the DataViewer, and restore the saved state

/ opt/ CDS/ d/ ops/ sust une/ t enpl at es/ al | channel s. dvsave

. (or asaved state specific to the optic if it isavailable from an earlier round of tuning). Do a Save
Asand save it for future use in the subdirectory for the optic.
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The signal names in the template are the sensor channels, optical lever channels and the exci-
tation channel for the 2k ITMx: H2:SUSITMX_SENSOR UL, H2:SUS-
ITMX_SENSOR_LL, H2:SUSITMX_SENSOR_UR, H2:SUS-ITMX_SENSOR LR,
H2:SUSITMX _SENSOR _SIDE,H2:100-ITMX_OPTLEV_1,H2:I00-ITMX_OPTLEV_2,
H2:100-ITMX_OPTLEV_3, H2:100-ITMX_OPTLEV_4, H2.DAQ-GPS_RAMP3. Change
them to the analogous signals for the optic being tuned. (If you have commandeered channels,
remember to allow for thiswhen entering the signal names. If there are no optical lever signals
at al, you should move the excitation signal to Channel 6 in the signal selection dialog and
reduce the number of active channelsto 6.) Set all the y-axis limits appropriately so that the
traces are centred and fully visible. Ensure that the ranges for related channels are the same,
e.g., 0/-32000 counts for the optical lever channels (~full range) and ~4000 counts around the
mean for the sensors (a safe range for the mirror motion). Save the changes. See Figure 3 for
atypical output display.

Make a note of the optical lever position and the offsets of the sensors. Thisis particularly
important - these positions need to be restored later. The sensor offsets should all be between
-10,000 and -25,000. Anything outside this range indicates trouble for this sensor: the magnet
istoo far from its correct position, and the mirror may need a specialized tuning.

Make a note of the initial values of all biases, all gains, and the input and output matrices for
all degrees of freedom, manually or with BURT.

Do aquick test drive of the optic by reversing each of the servos briefly one at atime.You
should see al the sensorsin the Data Viewer oscillate.

NOTE: Depending on the main servo gains this could take only a second or so to reach large
amplitudes. Keep your eye on the Data Viewer display and your mouse on the INVERT switch.

7.1. Debugging Hints

or

If none of the digital controls such as the enable and invert switches work, there may be a
problem with the ribbon cable connecting the controller card in the VME crate to the suspen-
sion controller proper.

If none of the analogue controls such as the gains work (in particular, if the readbacks do not
correspond to the values the controls are set to), then there may be something wrong with the
RS232 cable from the controller card in the VME crate to the suspension controller proper, or
with the daughterboard on the suspension controller board which processes the RS232 data.
If all the controls are dead then the controller card may need to be rebooted.

TUNING THE SENSING (INPUT) MATRIX

Using atext editor, open the Matlab command file template
/ opt / CDS/ d/ ops/ sust une/ t enpl at es/ geti nat dat aLHO. m

/opt/LLO d/ ops/ sustune/tenpl at es/ geti nat dat aLLO. m

as appropriate for the observatory.

2.

Save a copy of thefileasget i mat dat a. min the optic subdirectory and edit it as explained in
the commentsin the template. (The signal names in the template are for ITMx2k and need to
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be changed as appropriate for the optic being tuned.)

In the MEDM window for the optic, perturb the optic by reversing servos for afew seconds
and then turning the servos off. The following order is good:

Disable al servos.

Invert all servos (but don’t enable them yet).

Enable the side servo.

Watch the side sensor in data view display until areasonable amplitude (e.g., 500 DAQ counts
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p-p) builds up.

» Disablethe side servo.

» Enable the position, pitch and yaw servos.

» Waitch the optical lever channelsin the data viewer display until the peak to peak amplitudeis
about half the mean value. (If thereisno optical lever, watch the UL, UR, LL and LR sensors
and wait for around 1000 DAQ counts p-p.)

NOTE 1: Amplitude will typically build up much more quickly in position, pitch and yaw than for
side because there are four actuatorsin parallel. If it happenstoo quickly to be manageable, damp
the optic, reduce the position, pitch and yaw gains and try again.

NOTE 2: The optical lever channels typically overload long before the sensor channels. If any
clipping is visible, damp the optic and start again.

NOTE 3: Ensure that the graphs of the UL, UR, LL and LR sensor outputs have complicated
envelopes with the occasional relatively narrow waist, indicating beating between sine waves of
comparable magnitude and several different frequencies. If only a pure sinusoid isvisible you
have probably not excited all modes. Damp the optic and try again.

4. Make sure Matlab isrunning. Set the working directory to the appropriate optic subdirectory,
and add the mat | ab directory to the path:

>> cd /opt/ CDS/ d/ ops/ sustune/itnm2k

>> addpath /opt/ CDS/ d/ ops/ sustune/ mat | ab

5. Run the data collecting script created previously:
>>get i mat dat a

6. Thiswill create adatafilei mat dat a in the optic directory. Run the Matlab commandi mat (for
LOS) or i mat Sos (for SOS) on the datafile:

>> jgains = imat('imatdata'); %for LOS, or
>> jgains = imat SOS('imatdata'); % for SOS

The two routines are identical except for the frequency ranges in which they search for the peaks.
Typical output fromi mat or i mat SOS looks like the following:

The best fit pitch distance (nomnally 7.2 mm is 8.06 mm

Set the Sensor Gains to the foll ow ng val ues

UL LL UR LR
Pos 29. 4 30.6 19. 4 20.6
Pi t 32.3 -22.4 29.3 -25.5
Yaw 24.6 22.7 -27. 4 -29.4

7. Check to make sure that the nominal and best fit pitch distances are close.
8. Make sure that the sensor gain values appear reasonable (i.e., approximately 25+10).
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9. Make surethat the signs are the same as above. You don’t actually enter these signs when
entering the gains into the controller, just the magnitudes. The signs are hardwired as indi-
cated by the wiring diagram in the input matrix displays. Thus unless they’re the same as
above they’re unimplementable.

10. Check that the graphs you get are similar to Figures 6-9 below. Most importantly check:

File  Edit Tools Window Help |
IDSsH&G I NA A/ | BP0
Untuned monitor sighals in lab basis

10

—
=S

—
DM

=)

Power Spectral Density
=
o

_2
10 —— Positon {peak = 0.763 Hz)
— Pitch (peak = 0.633 Hz)

Yawr (peak = 0.51 Hz)

Transverse (peak = 0.723 Hz)

04 045 05 055 0s 0s5 07 075 08 085 09
Frequency (Hz)

Figure6: Typical output from i mat . m- |: Power spectra of the monitor signalsderived from

the untuned sensors. Note that, for example, at the pitch frequency (0.61 Hz) thereisenergy

in not only the pitch monitor signal but also in the position, yaw and side signals. That is, the
tuning is poor.

» that the peaks for the signals (indicated by *) have been correctly identified,

» that graph 3 (“ Tuned Monitor Signalsin Normal Mode Basis’) shows each signal with one
dominant peak and that that peak has no strength above background from any other signal

» that thelisted frequencies are typical (position = 0.76 Hz, pitch = 0.61 Hz, yaw = 0.49 Hz,
transverse = 0.73 Hz)

11. If everything looks good then bring up the three displays for the position, pitch and yaw com-
ponents of the sensing matrix and enter the suggested sensor gains. Use BURT to snapshot
these values for easy restoring later.

9 TUNING THEACTUATION MATRICES

9.1. General Setup

9.1.1.  Excitation setup

1. Find aGDS excitation output reasonably close to the controller for the optic and identify the
channel name, e.g., H2LSC-MOD_1 EXC.
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Figure No, 2

File  Edit Tools Window Help
=YY Yar-r-E
Untuned monitor sighals in hormal mode basis
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Power Spectral Density

—— Position {peak = 0.763 Hz)

—— Pirch (peak = 0,633 Hz)

—— Yaw (peak = 0.51 Hz)
Transverse (peak = 0.723 Hz)

04 045 05 055 08 085 07 075 08 085 0%
Frequency (Hz)

Figure 7: Typical output from i mat . m- I1: Asfor Figure 6 but in terms of modified
“position” and “pitch” coordinates which allow for position-pitch cross-coupling. The
pendulum modeis a puredisplacement in the new “ position” coor dinate, which ismostly a
theoriginal (purely horizontal) displacement, but with a small admixture of pitch. Similarly,
the pitch mode, isa pure “pitch” displacement.

Figure No. 3

File  Edit Tools Window Help

=YY Yar-r-E
Tuned Monitor Signals In Normal Mode Basis

Power Spectral Density
=
DD

o —— Position (peak = 0.763 Hz)
—— Pitch (peak = 0.633 Hz)
—— Yaw (peak = 0.51 Hz)
Transverse (peak = 0.723 Hz)

04 045 05 055 0s 0s5 07 075 08 085 09
Frequency (Hz)

Figure 8: Typical output fromi mat. m- I11: Asfor Figure 7, with differencesin the gains of
the sensorscorrected for. Note that, in contrast to Figure 6, each mode frequency has ener gy
in only one coordinate, asdesired.
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File  Edit Tools Window Help - |
=YY Yar-r-E
Tuned Monitor Signals In Lab Basis
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Power Spectral Density

—— Position (peak = 0.763 Hz)
—— Pirch (peak = 0,633 Hz)
Yawr (peak = 0.51 Hz)
Transverse (peak = 0.723 Hz)

107
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Figure 9: Typical output fromi mat . m- IV: Asfor Figure 8, with the position-pitch coupling
correction removed. Thisiswhat the normal modeslook likein the original lab-frame
position and pitch coor dinates.

2. Find aspareinput for use as a excitation readback channel and identify the channel name, e.g.,
H2:DAQ-GPS_RAMP3.

3. Connect the excitation output to the input of an SRS560 amplifier ( or similar) and select a
gainof 5 and a3 kHz 12-pole low-pass filter.

4. PutaBNC T adapter on the output of the SRS560.

5. Connect one side of the T to the appropriate test input (LSC TEST IN, PIT TEST IN or YAW
TEST IN) of the controller as called for in the following sections. A BNC to LEMO adapter
will be required.

6. Connect the other side of the T to the readback input.

9.1.2.  Choice of measurement frequency

The optimum tuning for the position component of the output matrix varies considerably depend-
ing on the frequency used for actuation, due to the position-pitch coupling. At high frequencies
(above the pitch and pendumlum modes at around 0.7 Hz), the optic acts like a free mass and the
gains are approximately equal because they are compensating mostly for differencesin strength of
the magnet-coil pairs. At low frequencies the compliance of the pitch and pendulum modes domi-
nates and it is necessary to push substantially harder (of order 25%) on the upper magnets to keep
the optic upright as it movesin pitch. The decision as to which optics should be tuned at which
frequencies has not yet been made at the time of writing. In the interim, all optics should be tuned
at both high and low frequencies. Whichever of the resulting two sets of gainsisfinaly chosen
can then be entered into the controller at any time.

For tuning at “low frequency”, use 0.2 Hz. This is enough below the pendulum mode frequencies
to count as low frequency, but not so low as to make the measurement time too onerous.
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For tuning at “ high frequency” the optimum frequency should be chosen somewhere around 2 Hz,
preferably at a notch between seismic stack resonances. There is no point in going very much
above 2 Hz because the response for a given level of actuation drops as f*-2, whereas the noise
floor drops more slowly. Unless there are special circumstances, just use 1.8 Hz for aBSC stack
and 1.85 Hz for aHAM stack. If it is necessary to revisit the choice, proceed as follows:

1. Run GDS tools and choose a power spectrum measurement (“ Fourier Tools”).

2. Select thefive OSEM sensor signals and measure the noise floor from approximately 0to 4 Hz
with aresolution (*BW”) of about 0.01 Hz.

3. Examine the noise spectra and choose somewhere around 2 Hz where thereis a sharp dip for
most or all of the sensors.

Whatever frequencies are chosen, create subdirectories for them in the optic directory, e.g.,
[ opt / CDS/ d/ ops/ sustune/ it m2k/ 0. 2Hz

and
/ opt/ CDS/ d/ ops/ sustune/itnx2k/ 1. 8Hz

9.2. Position Component of Output Matrix

9.21. Method I, using optical leversonly

9.21.1  Applicability

The optical levers give more accurate pitch and yaw information than the OSEM sensors and so
this procedure should be used when they are available. Most large optics have optical levers per-
manently installed. Otherwise use the OSEM sensor procedure in the next section

9212 Overview

Thefirst stage of this procedure involves making five measurements of the response of the opticin
pitch and yaw when it is pushed in what is nominally position by the actuators: one with all the
gains set at 100, and one each with perturbations to the gains of the top, bottom, left and right
pairs, according to Table 1. The Matlab command omat posOL1 processes the data and suggests
a set of gains, which should be substantially better in pitch. If it is generally satisfactory, the pro-
cedure can be halted. However due to the relatively large position-pitch cross-coupling (of order
25% at 0.2 Hz) which needsto be corrected for, the improvement in yaw is usually inadequate (or
even negative) at first and another round of optimization is required. Therefore omatposOL 1 sug-
gests four more measurements which can be performed if necessary. The results should be saved
to files according to Table 2. The second stage data is processed by the Matlab command file
omat posOL2 which does an amost identical calculation except that it uses the gain settings
from omat posQOL1.

9.21.3 Optical lever signal ordering

This procedure assumes that the four signals from the quadrants of the optical lever photodiode
are numbered in order around the circumference, and that the the photodiode is mounted at either
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0 or 90 degrees to the vertical. The algorithm used by the analysis software will be obliviousto
left-right and/or up-down flips of al four quadrants, and will notice and correct for a 90 degree
rotation, but may give nonsensical resultsif thereisaflip of just two quadrants.

9.21.4  Detailed procedure
The following procedure should be repeated for each different measurement frequency.

1. Ensurethat the excitation channel is active and connected to the LSC TEST IN input on the
front panel of the mirror controller.

2. Make surethat Matlab is running and that the mat | ab directory has been added to the path.
Use cd to go to the appropriate measurement frequency directory.

3. In GDStools, open thefile opt Lev. xm inthe directory / opt / CDS/ d/ ops/ sust une/ t em
pl at es. Most of the settings will be as described below, but check them individually to be
sure.

4. In channels 0 through 3 in the measurement pane (see Figure 10) select the optical lever sig-
nals (e.g., H2:100-ITMX-OPTLEV 1, H2:I0O-ITMX-OPTLEV2, H2:100-ITM X-
OPTLEV3 and H2:100-ITMX-OPTLEV4). Do not include other channels - the analysis soft-
ware assumes that there will be exactly four channelsin the output file. In particular, do not
choose the readback channel on this screen. If the readback channel selected on the Excitation
pane (in the next step) is also selected on the M easurement pane, then when the Start button is
pressed, GDS complains that it is unable to apply excitation. Choose a sine response with 5
averages of 10 cycles each, and 100% settling time.

5. Inthe excitation pane (see Figure 11), choose the appropriate channel for excitation (e.g.,
H2:LSC-MOD_1_EXC), and for readback (e.g., H2:DAQ-GPS_RAMP3), a sine wave with
the desired measurement frequency and an amplitude of 1 V.

6. Bring up the mirror controller display, and click on the control to enable the LSC test input.
Set the servo gainsto avalue of 1 (very low). Make sure the mirror stays lightly damped and
within the optical lever range.

7. Inthe controller screen, click on the threeiconsfor the position, pitch and yaw components of
the output matrix. (If using the old-style display, click on the four icons for the UL, UR, LL
and LL components, and position the resulting windows on the screen as their name indicates:
UR in the upper right, LR, in the lower right, etc.) If the pitch and/or yaw gains have not been
tuned previously or the tuning has been invalidated by some major change, set them to 100;
otherwise leave them alone. Set all the position gainsto 100. If using the new style display,
you may wish to dismiss the pitch and yaw windows for now.

8. Make sure you have all the mirror sensors, the optical lever channels, and the readback in
DataViewer. Press “ Start” in the GDS window. You should see the readback signal showing a
sine wave. (It may be clipped at the maxima and minima: no need to worry about that.) The
optical lever channels should also show some kind of oscillation at the same frequency. Make
sure the optical lever signals do not clip. If they do, press Abort, reduce the amplitude (on the
Excitation pane) and press Start again.

9. Wait till the oscillation in the readback channel is gone (~1 minute), indicating the first mea-
surement is done.

10. In the Result pane select the transfer coefficients in the upper graph and the coherencesin the
lower graph (see Figure 13). Check that the coherences are reasonable (i.e., near 1.0 unlessthe
corresponding magnitude is very small).
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NOTE: Dueto abugin GDS, you may not see any results at first. If so, click on the Range tab
next to the graph and decrement the lower limit on the X axis by a small amount. For version x.x
of GDS (LHO only at the time of writing), click the up-arrow button next to the graph to ring up
the settings floater, adjust the range as described above and also click Update.

11. In the GDS window, go the “File” menu and use “ Save As’ to save theresultsin afile called
Opt Levl nit. xm inthe measurement frequency directory.
12. Repeat the measurement using different settings of the position gains in the actuation matrix
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and saving the results to different files as described in Table 1. Apart from the different gains,
all the measurements should be done with the same settings for excitation amplitude etc.
13. In the Matlab window, give the command

>> omat posOL1;

14. An optimised set of gainsis printed together with a suggested set of four more configurations
to be measured. Copy the information to atext editor and save it in the measurement fre-
quency directory with a name such as 20000831t unedomat posOL. t xt .
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Figure 12: Typical Results pane display in GDS for a measurement in the actuation gains
tuning procedure.
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pi tyawOL(‘ Opt Levinit2. xm");
Yawl]

pi tyawOL(‘ Opt Levinit.xm");
Pitl,

Yawl]

YawO;

before and after Round 1 of optimisation:

>> [Pit0, YawO]

>> [Pitl,

16. In the Matlab window give the following commands to compare the pitch and yaw couplings
>> [PitO,

15. Make a measurement with the optimised gains and save it as Opt Levi ni t 2. xmi .
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Table 1. Measurement program for Round 1 of tuning for the position component of the
output matrix using the optical leversasreference - gain settings for which measurements
areto be made, and thefilesto which the data should be saved

Measure Position
Output Gains )

ment Filename

Number UL UR
LL LR

1 100 100 Opt Levlnit.xm
100 100

2 90 90 Opt LevUp. xm
100 100

3 100 100 Opt LevDown. xm
90 90

4 90 100 Opt LevLeft . xm
90 100

5 100 90 Opt LevRi ght . xm
100 90

17. There should at |east be an improvement between the two pitch couplings (in the left column).
(At 0.2 Hz this ought to be substantial, e.g., an order of magnitude.) If the yaw (in the right
column) is greatly improved as well there may no need to go on to Round 2.

18. If the yaw is about the same or worse, or if any the suggested gains are less than 90, a second
round will probably yield further improvements. Make the four suggested additional measure-
ments using the same procedure as above, saving the resultsto files Opt LevUp2. xni ,

Opt LevDown2. xmi , Opt LevLeft 2. xml and Opt LevRi ght 2. xm  asin Table 2.

Table 2: Measurement program for Round 2 of tuning for the position component of the
output matrix using the optical leversasreference

Position
Measure _

Output Gains .
ment Filename
Number UL UR

LL LR
: Opt Levini t 2. xni
? As suggested in the output Opt LevUp2. xm
° from omtpos@.1 Opt LevDown2. xni
: Opt LevLeft 2. xni
° Opt LevRi ght 2. xni
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19. Inthe Matlab window, give the command onat posOL2. This prints an even more optimised set
of gains. Copy the output and append it to the text file from step 14.

20. Do ameasurement with the optimised set of gains from onat posOL2 and save it in the mea-
surement frequency directory as Opt Levl ni t 3. xm .

21. In the Matlab window give the following commands to compare the effectiveness of the dif-
frent settings:

>> [Pit2, Yaw2] = pos2pityawccO.(‘ OptLevinit3.xm’);
>> [Pit0, YawO; Pit1, Yawl; Pi t 2, Yaw2]

22. Copy the output of the above command and append it to the text file from step 14.
23. Probably the optimised gains from Round 2 give better results. If so, create a BURT snapshot
of the settings with a name reflecting the measurement frequency, e.g.,

[ opt/ CDS/ d/ ops/ sust une/ it nx2k/ burt/ 20000630t unedomat posOL0. 2Hz. snap
Otherwise revert to the Round 1 values and snapshot them instead.

9.22. Method Il ,using OSEM sensorsonly

9221 Overview

This procedureisvery similar to the one using the optical levers except that the OSEM sensor sig-
nals are logged instead, and the pitch and yaw cross-couplings are computed assuming the opti-
mised input matrix from above. The Matlab routines are omat posOSEML( i gai ns) and

omat posOSEMR( i gai ns) Wherei gai ns isthe output of i mat . m The following detailed proce-
dure shouldbe repeated for each measurement frequency of interest.

At the time of writing, the input matrix tuning procedure on which this procedure depends was not
reliable enough. Tuning using the input matrix as a reference gave cross-couplings equivalent to
about a5-10% perturbation of the gains as measured by comparison with the optical lever version.
Therefore until such time as the input matrix procedure isimproved, at least for high frequencies
it is probably better to leave well enough alone rather than apply this procedure! For low frequen-
cies, the position-pitch coupling is sufficiently large that it

9222 Detailed Procedure

1. Ensurethat the excitation channel is active and connected to the LSC TEST IN input on the
front panel of the mirror controller.

2. Make surethat Matlab is running and that the mat | ab directory has been added to the path.
Use cd to go to the appropriate measurement frequency directory.

3. In GDStools, open thefile Sensor. xm inthe directory / opt / CDS/ d/ ops/ sust une/ t em
pl at es. Most of the settings will be as described below, but check them individually to be
sure.

4. In channels 0 through 3 in the measurement pane select the four face OSEM sensor signalsin
UL-LL-UR-LR order (e.g., H2:SUSITMX_SENSOR_UL, H2:SUS ITMX_SENSOR LL,
H2:SUSITMX_SENSOR_UR and H2:SUSITMX_SENSOR_LR). Do not include other
channels - the analysis software assumes that there will be exactly four channelsin the output
file. Choose a sine response with 5 averages of 10 cycles each, and 100% settling time.

5. Inthe excitation pane (see Figure 11, choose the appropriate channel for excitation (e.g.,
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H2:LSC-MOD_1_EXC), and for readback (e.g., H2:DAQ-GPS_RAMP3), a sine wave with
the desired measurement frequency and an amplitude of 1V for high frequency or 0.5V for
low frequency.

Bring up the mirror controller display, and click on the control to enable the LSC test input.
Set the servo gainsto avalue of 1 (very low).

In the controller screen, click on the three icons for the position, pitch and yaw components of
the output matrix. (If using the old-style display, click on the four icons for the UL, UR, LL
and LL components, and position the resulting windows on the screen as their name indicates:
UR in the upper right, LR, in the lower right, etc.) If the pitch and/or yaw gains have not been
tuned previously or the tuning has been invalidated by some major change, set them to 100;
otherwise leave them alone. Set all the position gainsto 100. If using the new style display,
you may wish to dismiss the pitch and yaw windows for now.

Make sure you have all the mirror sensors and the readback in DataViewer. Press “ Start” in
the GDS window. You should see the readback signal showing asine wave. (It may be clipped
at the maxima and minima: no need to worry about that.) The sensor channels should also
show some kind of oscillation at the same frequency. Make sure they do not clip. If they do,
press Abort, reduce the amplitude (on the Excitation pane) and press Start again.

Wait till the oscillation in the readback channel is gone (~1 minute), indicating the first mea-
surement is done.

10. In the Result pane select the transfer coefficients in the upper graph and the coherences in the

lower graph (see Figure 13). Check that the coherences are reasonable (i.e., near 1.0 unlessthe
corresponding magnitude is very small).

NOTE: Dueto abugin GDS, you may not see any results at first. If so, click on the Range tab
next to the graph and decrement the lower limit on the X axis by a small amount. For version x.x
of GDS (LHO only at the time of writing), click the up-arrow button next to the graph to ring up
the settings floater, adjust the range as described above and also click Update.

11. In the GDS window, go the “File” menu and use “ Save As’ to save theresultsin afile called

Sensor Posl ni t. xm inthe measurement frequency directory.

12. Repeat the measurement using different settings of the position gainsin the actuation matrix

and saving the results to different files as described in Table 3.

Table 3: Measurement program for Round 1 of tuning for the position component of the

output matrix using the sensors asreference

M re Position
Output Gains :

ment Filename

Number UL UR
LL LR

1 100 100 Sensor Posl ni t. xn
100 100

2 90 90 Sensor PosUp. xmi
100 100
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Table 3: Measurement program for Round 1 of tuning for the position component of the
output matrix using the sensors asreference

Measure Position
Output Gains ,

ment Filename

Number UL UR
LL LR

3 100 100 Sensor PosDown. xni
90 90

4 90 100 Sensor PosLeft . xn
90 100

5 100 90 Sensor PosRi ght . xnl
100 90

13. In the Matlab window, give the command
>> omat posOSEML(i gai ns) ;

14. An optimised set of gainsis printed together with a suggested set of four more configurations
to be measured. Copy the information to atext editor and save it in the measurement fre-
guency directory with a name such as 20000831t unedomat posOSEM t xt .

15. Make a measurement with the optimised gains and save it as Sensor Posl ni t 2. xni .

16. In the Matlab window give the following commands to compare the pitch and yaw couplings
before and after Round 1 of optimisation:

>> [Pit0, Yaw0] = pityawOSEM * Sensor Poslnit.xnl’ i gains);
>> [Pitl, Yawl] = pityawOSEM * SensorPoslnit2.xm "’ ,igains);
>> [Pit0, YawO; Pitl, Yawl]

17. There should at |east be an improvement between the two pitch couplings (in the left column).
(At 0.2 Hz this ought to be substantial, e.g., an order of magnitude.) If the yaw (in the right
column) is greatly improved as well there may be no need to go on to Round 2.

18. If the yaw is about the same or worse, or if any the suggested gains are less than 90, a second
round will probably yield further improvements. Make the four suggested additional measure-
ments using the same procedure as above, saving the resultsto files asin Table 4.

19. In the Matlab window, give the command

>> omat posOSEMR2( i gai ns) ;

20. This prints an even more optimised set of gains. Copy the output and append it to the text file
from step 14.

21. Do ameasurement with the optimised set of gains from onat pos OSEM2 and save it in the mea-
surement frequency directory as Sensor Posl nit 3. xmi .

22. In the Matlab window give the following commands to compare the effectiveness of the dif-
frent settings:

>> [Pit2, Yaw2] = pityawOSEM ‘' Sensor Poslnit3.xm "’ ,igains);
>> [Pit0, YawO; Pitl, Yawl; Pit2, Yaw?]
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Table 4. Measurement program for Round 2 of tuning for the position component of the
output matrix using the optical leversasreference

Measure | Position Output Gains
ment UL UR Filename
Number | LL LR

1 Sensor Posl ni t 2. xm
. Sensor PosUp2. xni

2 As suggested in the output P

3 from omat pos OSEML Sensor PosDown2. xm

4 Sensor PosLeft 2. xm

5 Sensor PosRi ght 2. xmi

23. Copy the output of the above command and append it to the text file from step 14.
24. Probably the optimised gains from Round 2 give better results. If so, create a BURT snapshot
of the settings with a name reflecting the measurement frequency, e.g.,

/ opt / CDS/ d/ ops/ sust une/ it mk2k/ burt/ 20000630t unedomat posOSEM). 2Hz. shap
Otherwise revert to the Round 1 values and snapshot them instead.

9.3. Pitch Component of Output Matrix

9.3.1. Overview

This procedureis very similar to the OSEM sensor version of the position component tuning
except that the excitation isapplied to the PIT TEST IN input and adlightly different set of pertur-
bationsis used. (Instead of the gains on the Left and Right sides, those on the Main diagonal and
Off diagonal are perturbed.)

At the time of writing, the input matrix tuning procedure on which this procedure depends was not
reliable enough. Tuning using the input matrix as a reference gave cross-couplings equivalent to
about a 5-10% perturbation of the gains, at least for position. Therefore until such time asthe
input matrix procedure isimproved, it is probably better to leave well enough aone rather than
apply this procedure!

1. Ensurethat the excitation channel is active and connected to the PIT TEST IN input on the
front panel of the mirror controller.

2. Make surethat Matlab is running and that the mat | ab directory has been added to the path.
Use cd to go to the appropriate measurement frequency directory.

3. In GDStools, open thefile Sensor. xn inthe directory / opt / CDS/ d/ ops/ sust une/ t em
pl at es. Most of the settings will be as described below, but check them individually to be
sure.

4. Inchannels 0 through 3 in the measurement pane select the four face OSEM sensor signalsin
UL-LL-UR-LR order (e.g., H2:SUS- ITMX_SENSOR_UL, H2:SUS ITMX_SENSOR LL,
H2:SUSITMX_SENSOR_UR and H2:SUS-ITMX_SENSOR_LR). Do not include other

page 28 of 34



L1GO-T000003-A

channels - the analysis software assumes that there will be exactly four channelsin the output
file. Choose a sine response with 5 averages of 10 cycles each, and 100% settling time.

5. Inthe excitation pane (see Figure 11, choose the appropriate channel for excitation (e.g.,
H2:LSC-MOD_1_EXC), and for readback (e.g., H2:DAQ-GPS_RAMP3), a sine wave with
the desired measurement frequency and an amplitude of 1V for high frequency or 0.5V for
low frequency.

6. Bring up the mirror controller display. If the LSC test input is enabled from the previous pro-
cedure, click to disable it. If using the new-style “Basic Screen” display (LHO only as of this
writing), click on the Full Screen button to display the less commonly used controls. Click to
enable the pitch test input. Open the window for the pitch input gains and set all the gainsto 0.
Set the main servo gains for position and yaw to avalue of 1 (very low). Set the main servo
gain for pitch to 100.

7. Click Start in GDSto apply some excitation. Check that the sensor signals show motion at the
excitation frequency but do not clip. If necessary, adjust the excitation amplitude.

8. Inthe controller screen, click on the threeiconsfor the position, pitch and yaw components of
the output matrix. (If using the old-style display, click on the four icons for the UL, UR, LL
and LL components, and position the resulting windows on the screen as their name indicates:
UR in the upper right, LR, in the lower right, etc.) If the position and/or yaw gains have not
been tuned previously or the tuning has been invalidated by some major change, set them to
100; otherwise leave them alone. Set all the pitch gainsin these panelsto 100. If using the new
style displays, you may wish to dismiss the position and yaw windows for now.

9. Make sure you have all the mirror sensors and the readback in DataViewer. Press “ Start” in
the GDS window. You should see the readback signal showing a sine wave. The sensor lever
channels should also show some kind of oscillation at the same frequency. Make sure they do
not clip. If they do, press Abort, reduce the amplitude (on the Excitation pane) and press Start
again.

10. Wait till the oscillation in the readback channel is gone (~1 minute), indicating the first mea-
surement is done.

11. In the Result pane select the transfer coefficients in the upper graph and the coherencesin the
lower graph (see Figure 13). Check that the coherences are reasonable (i.e., near 1.0 unlessthe
corresponding magnitude is very small).

NOTE: Dueto abugin GDS, you may not see any results at first. If so, click on the Range tab

next to the graph and decrement the lower limit on the X axis by a small amount. For version x.x

of GDS (LHO only at the time of writing), click the up-arrow button next to the graph to ring up

the settings floater, adjust the range as described above and also click Update.

12. In the GDS window, go the “File” menu and use “ Save As’ to save theresultsin afile called
SensorPi t1nit.xm inthe measurement frequency directory.

13. Repeat the measurement using different settings of the position gains in the actuation matrix
and saving the results to different files as described in Table 5.

14. In the Matlab window, give the command

>> onat pi t OSEML(i gai ns) ;

15. An optimised set of gainsis printed together with a suggested set of four more configurations
to be measured. Copy the information to atext editor and save it in the measurement fre-
guency directory with a name such as 20000831t unedomat pi t OSEM t xt .

16. Make a measurement with the optimised gains and save it asSensor Pit I nit 2. xn .

page 29 of 34



LIGO-T000003-A

Table5: Measurement program for Round 1 of tuning for the pitch component of the output
matrix using the sensors asreference

Pitch Output

Measure .

ment Gains Filename

Number UL UR
LL LR

1 100 100 SensorPitlnit.xmn
100 100

2 90 90 Sensor Pi t Up. xm
100 100

3 100 100 Sensor Pi t Down. xnl
90 90

4 90 100 Sensor Pi t Mai n. xn
100 90

5 100 90 SensorPi t OfF f. xm
90 100

17. In the Matlab window give the following commands to compare the position and yaw cou-
plings before and after Round 1 of optimisation:

>> [ PosO, Yaw0] = posyawOSEM ‘ SensorPitlnit.xm ', igains);
>> [Posl, Yawl] = posyawOSEM ‘' SensorPitlnit2.xm "’ ,igains);
>> [ Pos0, Yaw0; Posl1, Yawl]

18. If any of the optimised gains are less than 90, a second round will probably yield further
improvements. Make the four suggested additional measurements using the same procedure
as above, saving the resultsto files asin Table 6.

Table 6: Measurement program for Round 2 of tuning for the pitch component of the output
matrix using the optical leversasreference

Measure | Pitch Output Gains
ment UL UR Filename
Number LL LR

1 SensorPitlnit2. xm

As suggested in the output Sensor Pi t Up2. xm

from onat pi t OSEML Sensor Pi t Down2. xm

Sensor Pi t Mai n2. xm

a| b W|N

SensorPit O f 2. xni
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19. In the Matlab window, give the command
>> omat pi t OSEM2(i gai ns);

20. This prints an even more optimised set of gains. Copy the output and append it to the text file
from step 15.

21. Do ameasurement with the optimised set of gains from onat pos OSEM2 and save it in the mea-
surement frequency directory as Sensor Pit I nit 3. xm .

22. In the Matlab window give the following commands to compare the effectiveness of the dif-
frent settings:

>> [ Pos2, Yaw2] = posyawOSEM ‘ SensorPitlnit3.xm ', igains);
>> [ Pos0, YawO; Posl, Yawl; Pos2, Yaw2]

23. Copy the output of the above command and append it to the text file from step 15.
24. Probably the optimised gains from Round 2 give better results. If so, create a BURT snapshot
of the settings with a name reflecting the measurement frequency, e.g.,

[ opt/ CDS/ d/ ops/ sust une/ it nx2k/ burt/ 20000630t unedomat pi t OSEMD. 2Hz. snap
Otherwise revert to the Round 1 values and snapshot them instead.

9.4. Yaw Component of Output Matrix

This procedure is very similar to the pitch component tuning except that the excitation is applied
tothe PIT TEST IN input and yet another a slightly different set of perturbationsis used. (Instead
of the gains on the Up and Down sides, those on the Main diagonal and Off diagonal are per-
turbed.)

At the time of writing, the input matrix tuning procedure on which this procedure depends was not
reliable enough. Tuning using the input matrix as a reference gave cross-couplings equivalent to
about a 5-10% perturbation of the gains, at least for position. Therefore until such time as the
input matrix procedure isimproved, it is probably better to leave well enough aone rather than
apply this procedure!

1. Ensurethat the excitation channel is active and connected to the YAW TEST IN input on the
front panel of the mirror controller.

2. Make surethat Matlab is running and that the mat | ab directory has been added to the path.
Use cd to go to the appropriate measurement frequency directory.

3. In GDStooals, open thefile Sensor. xm inthe directory / opt / CDS/ d/ ops/ sust une/ t em
pl at es. Most of the settings will be as described below, but check them individually to be
sure.

4. In channels 0 through 3 in the measurement pane select the four face OSEM sensor signalsin
UL-LL-UR-LR order (e.g., H2:SUSITMX_SENSOR_UL, H2:SUS-ITMX_SENSOR_LL,
H2:SUSITMX_SENSOR_UR and H2:SUSITMX_SENSOR_LR). Do not include other
channels - the analysis software assumes that there will be exactly four channelsin the output
file. Choose a sine response with 5 averages of 10 cycles each, and 100% settling time.

5. Inthe excitation pane (see Figure 11, choose the appropriate channel for excitation (e.g.,
H2:LSC-MOD_1 EXC), and for readback (e.g., H2:DAQ-GPS_RAMP3), asine wave with
the desired measurement frequency and an amplitude of 1V for high frequency or 0.5V for
low frequency.
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6. Bring up the mirror controller display. If the LSC test input is enabled from the previous pro-
cedure, click to disable it. If using the new-style “Basic Screen” display (LHO only as of this
writing), click on the Full Screen button to display the less commonly used controls. If the
pitch test input is enabled from the previous procedure, click to disableit. Click to enable the
pitch test input. Open the window for the yaw input gains and set all the gainsto 0. Open the
windows for the position and pitch input gains and set them to the tuned values from Section 8
if available or 25 otherwise. Set the main servo gainsfor position and yaw to avalue of 1 (very
low). Set the main servo gain for pitch to 100.

7. Click Start in GDSto apply some excitation. Check that the sensor signal's show motion at the
excitation frequency but do not clip. If necessary, adjust the excitation amplitude.

8. Inthe controller screen, click on the three iconsfor the position, pitch and yaw components of
the output matrix. (If using the old-style display, click on the four icons for the UL, UR, LL
and LL components, and position the resulting windows on the screen as their name indicates:
UR in the upper right, LR, in the lower right, etc.) If the position and/or yaw gains have not
been tuned previously or the tuning has been invalidated by some major change, set them to
100; otherwise leave them alone. Set all the pitch gainsin these panelsto 100. If using the new
style displays, you may wish to dismiss the position and yaw windows for now.

9. Make sure you have all the mirror sensors and the readback in DataViewer. Press“ Start” in
the GDS window. You should see the readback signal showing asine wave. The sensor lever
channels should also show some kind of oscillation at the same frequency. Make sure they do
not clip. If they do, press Abort, reduce the amplitude (on the Excitation pane) and press Start
again.

10. Wait till the oscillation in the readback channel is gone (~1 minute), indicating the first mea-
surement is done.

11. In the Result pane select the transfer coefficients in the upper graph and the coherencesin the
lower graph (see Figure 13). Check that the coherences are reasonable (i.e., near 1.0 unlessthe
corresponding magnitude is very small).

NOTE: Dueto abugin GDS, you may not see any results at first. If so, click on the Range tab

next to the graph and decrement the lower limit on the X axis by a small amount. For version x.x

of GDS (LHO only at the time of writing), click the up-arrow button next to the graph to ring up

the settings floater, adjust the range as described above and also click Update.

12. In the GDS window, go the “File” menu and use “Save As’ to save the resultsin afile called
Sensor Pi t 1 nit.xn inthe measurement frequency directory.

13. Repeat the measurement using different settings of the position gains in the actuation matrix
and saving the results to different files as described in Table 7.

14. In the Matlab window, give the command

>> omat yawOSEML(i gai ns);

15. An optimised set of gainsis printed together with a suggested set of four more configurations
to be measured. Copy the information to atext editor and save it in the measurement fre-
guency directory with a name such as20000831t unedomat yawOSEM t xt .

16. Make a measurement with the optimised gains and save it as Sensor Yaw ni t 2. xni .

17. In the Matlab window give the following commands to compare the position and yaw cou-
plings before and after Round 1 of optimisation:

>> [Pos0, Pit0] = posyawOSEM ‘' SensorYawi nit.xm ' ,igains);
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Table 7. Measurement program for Round 1 of tuning for the yaw component of the output
matrix using the sensors asreference

Yaw Output

Measure .
Gains .

ment Filename

Number UL UR
LL LR

1 100 100 Sensor Yaw ni t . xm
100 100

2 90 100 Sensor Yawivai n. xmi
100 90

3 100 90 Sensor Yawor f . ximd
90 100

4 90 100 Sensor YawLeft . xn
90 100

5 10090 Sensor YawRi ght . xm
100 90

>> [Posl, Pitl] = posyawOSEM ‘ SensorYawi nit2.xm ', igains);
>> [Pos0, Pit0; Posl, Pitl]

18. If any of the optimised gains are less than 90, a second round will probably yield further
improvements. Make the four suggested additional measurements using the same procedure
as above, saving the resultsto files asin Table 8.

Table 8: Measurement program for Round 2 of tuning for the yaw component of the output
matrix using the optical leversasreference

Measure | Yaw Output Gains
ment UL UR Filename
Number | LL LR

1 Sensor Yawl ni t 2. xni
. Sensor Yawai n2. xm

2 As suggested in the output

3 from omat yawOSEML Sensor YawOf f 2. xm

4 Sensor YawLef t 2. xni

5 Sensor YawRi ght 2. xni

19. In the Matlab window, give the command
>> onmat yawOSEM2(i gai ns) ;
20. This prints an even more optimised set of gains. Copy the output and append it to the text file
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from step 15.

21. Do ameasurement with the optimised set of gains from omat yawOSEM and save it in the mea-
surement frequency directory as Sensor Yawl ni t 3. xni .

22. In the Matlab window give the following commands to compare the effectiveness of the dif-
frent settings:

>> [Pos2, Pit2] = pityawOSEM ‘' Sensor Yawl nit 3. xm ' ,igains);
>> [Pos0O, Pit0O; Posl, Pitl;, Pos2, Pit2]

23. Copy the output of the above command and append it to the text file from step 15.
24. Probably the optimised gains from Round 2 give better results. If so, create a BURT snapshot
of the settings with a name reflecting the measurement frequency, e.g.,

[ opt / CDS/ d/ ops/ sust une/ it mk2k/ burt/ 20000630t unedomat yawOSEM). 2Hz. snhap
Otherwise revert to the Round 1 values and snapshot them instead.

10 DAMPING GAINS

1. TBD.
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