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MROI Software

MROI software systems tie together all
the constituent hardware systems to
enable operation of the interferometer

Produce organized, decipherable
science & engineering data

Flexible: adapt to different array
configurations
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Supervisor GU

ifstarcatalogs/AMOS_stars_mag0_4.dat| | Choose File

File
Name |HIP104887
| Previous | | Next |
RA [21:14:47.493 |
Dec [380243.14 |
PMRA [0.016676 |
PM Dec [0.41028 |

Enclosure Time Offset

Track Target

| Reaim Dome |

uTl

) Dome Moving
) Shutter Moving

) Mount Slewing
@ Mount Tracking
Mount

RA: 0:0:0.0143568
Dec: 40 0 0.21972656

Azimuth: 65.235374 deg
Elevation: 69.709885 deg
Dome

Azimuth: 75.84 deg
Shutter:

Center

uT2
) Dome Moving
2 Shutter Moving
) Mount Slewing
® Mount Tracking
Mount
RA: 1:28:0.025405884
Dec: 39 59 59.024963
Azimuth: 324.97995 deg
Elevation: 82.34697 deg
Dome
Azimuth: 75.84 deg
Shutter:
Center

supervisorgui

Command Status:

Sidsé
Mor

Main | Target

| Startup Operations |

| Shutdown Operations |

| Open Louvers | | Half Open Louvers | | Close Louvers

uUTl

@ Shutter Brakes Off
@ Dome Brakes Off
@ Shutter Powered
@ Dome Powered

@ Dome Parked

® Dome Ready

@ UTE Remote Mode
® UTE Observation Mode
@ UTM Powered

® UTM Running

® UTM Initialized

@ Seals Deflated
) Seals Inflated

’ Louvers Open
' Louvers Half Open

@ Louvers Closed

uTt2

@ Shutter Brakes Off
@ Dome Brakes Off
@ Shutter Powered
@ Dome Powered

@ Dome Parked

® Dome Ready

® UTE Remote Mode
% UTE Observation Mode
@ UTM Powered

% UTM Running

® UTM Initialized

® Seals Deflated
) Seals Inflated

) Louvers Open
) Louvers Half Open

@ Louvers Closed

supervisorgui

Command Status:

Sidereal: 22:22:53.8
Mon Mar 02 18:49:22 UTC 2026
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Mogdalena Ridge Observato!

Observing Teams
manual operation of software systems

MROIs observational systems
are still loosely coupled

Unit Telescope (UT)
Fast Tip Tilt (FTT)
Delay Lines

Fourier: fringe imager
Calibration

Wavefront Sensor

Automated Alignment System

Beamline alignment using

Vacuum Can Hubs (VCH)



Interferometer Supervisory System (1SS

Magdalena Ridge Observatory Interferometer - 2026/03/02

11:17:04

Executive.Execl: All applications started.

I MROI
[ configuration two_cam_env_ute_utm OPERATION
o [] Computers 1SS OPERATIONAL
o~ [31SS ISS OPERATIONAL
¢ ] Array al OPERATIONAL
[ supervisor SP1 1SS OPERATIONAL
[ FaultManager FM1 1SS OPERATIONAL
[ UTE utel 1SS OPERATIONAL
[y utM utml 1SS OPERATIONAL
[ FTTCamSystem_ucamcontrol caml FTT-01 OF
[} FTTENVSYstem_ucamcontrol envl FTTENVOL
9 CJAmay a2 OPERATIONAL
[} supervisor SP2 1SS OPERATIONAL
[ FaultManager FM2 ISS OPERATIONAL
[ UTE ute2 ISS OPERATIONAL
[ UT™™ utm2 1SS OPERATIONAL
[ FTTcamsystem_ucamcontrol cam2 FTT-02 OF
[} FTTENnVSystem_ucamcontrol env2 FTTENVOD2

Supervisor.SP1: Supenvisor SP1 has been initialized.

Supervisor.SP1: Supenvisor SP1: The array is being initialized.
Executive.Execl: Array al and its supenvisor started.

Supervisor.5P2: Supervisor SP2 has been initialized,

Supervisor.5P2: Supenvisor SP2: The array is being initialized.
Executive.Execl: Array a2 and its supenvsor started.

Executive.Execl: Data collectors deployed.

Executive.Execl: Executive: All systems are operational. Turning on menitoring.
Executive.Execl: Array al monitoring is on,

Executive.Execl: Array a2 monitoring is on.

DataCollector.DC3: Buffered data written. 2026-03-02T18:17:16.693999616
DataCollector.DC4: Buffered data written. 2026-03-02T18:17:16.787999744
DataCollector.DC1: Buffered data written. 2026-03-02T18:17:20,231999488
DataCollector.DC2: Buffered data written. 2026-03-02T18:17,20.236000256
DataCollector.DC3: Buffered data written. 2026-03-02T18:17:25.240999936
DataCollector.DC4: Buffered data written. 2026-03-02T18:17:25.301999616
DataCollector.DC1: Buffered data written. 2026-03-02T18:17:25,834000384
DataCollector.DC2: Buffered data written, 2026-03-02T18:17:25.839000576
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ydalena Ridge Observaio

Unit Telescope Control system (UTCS)

L0 0

» Vendor-supplied telescope control T T —_— 300 e 5o
system (Observatory Sciences Ltd) ~ @~ @ ...

» Controls AMOS 1.4 m telescope.

» Networked client/server application
programming interface (API)

» Integrated with ISS
» Engineering GUI

» Configure UT

» Acquire targets
» Show offloads (coordinates) from FTT

» Primary control interface

» Future: ISS operator GUI




Mogdalena Ridge Observate

Unit Telescope Enclosure (UTE

Dome command & monitoring

MMM ROTATION i oo

Vendor-supplied unit telescope
enclosure engineering GUI.

» Future:
» ISS-based UTE operator GUI

» To be automated

Control and Status | Environmental
Startup

Remote Mode: On

V| Observation Shutdown
UTE Mode:

Observation M... Shutdown Mode

Inflatable Seals:

| peflate a | | inflate an | ([ NETORINN

Shutter
Power: On Off
Brakes: Off On

Move To: South Center North -

Shutter Position:

Dome
Power: On Off
Brakes: Off On

Current Position: 284.16

Current Speed: 0.0

F Seals and Lights Status

Unit Telescope Enclosure

Shutter Status

Building Seals Status: TAlarm
[ Running
Running V| Drives Powered
Inflated V| Drivers Ready
V| Deflated V| Brakes Off
V| Ready to Inflate Brake Resistor Trip
Shutter Seals Status: Lock Out
: V| Ready to Move South
Running V| Ready to Move North
Inflated V| Ready to Move to Center
V| Deflated V| Ready for Homing Sequence
V| Ready to Inflate Current Position:
Louvers status: | Louver 1 Open || Louver 1 Half Open Lights status:
_ Louver2 Open | Louver 2 Half Open Light 1 On
| Louver 3 0pen || Louver 3 Half Open N
Louver 4 Open Louver 4 Half Open Light 2 On
Louver 5 Open || Louver 5 Half Open Light 3 On
__| Louver 6 Open | | Louver 6 Half Open Light 4 On
| Louver 70pen || Louver 7 Half Open :
" Louver 8 Open | Louver 8 Half Open tantsion
Louver 9 Open Louver 9 Half Open Light 6 On
__ Louver 10 Open | | Louver 10 Half Open
| Louver 11 Open | Louver 11 Half Open
| Louver 12 Open Louver 12 Half Open
Peripherals Alarms
Lights: ALL >
on Off Light Status:
Louvers: ALL =
Open Half Open cose | (IEEEIN

Set Position (°az):

Move To Target

Move By:  Position

0 =

Speed

Rotation Mechanism Status

Running
Drives Powered

KEE

Drivers Ready

Brakes Off

Brake Resistor Trip
Lock Out

Encoder Ready
Encoder Not Calibrated
Encoder Fault

V| Parked Position

v/ Ready to Move

<

<

Movement Mode: Position Speed

Current Position: 284.16

Current Speed: 0.0




fttgui (on ftt-02)

Fast Tip Tilt (FTT)

FTTGUI user interface

FTT (control) l FTTENV (control) | FIT | FITENV | FTT:PARAM - inactive | FITENV-PARAM - inactive
Zoom x8.00

Bright. Contrast Gamma
il 0.1B 220 1.00

u

Fitin win

|Stretch contrast \

Image stabilization:

manual tune FTT Servo loop to
minimize centoid

Tip/Tilt actuators controlled via
RT operating system: Xenomai 3.x

Run-

Centroid Valid

Universal
Acquisition Mode Fast Tip-Tiit Mode l

" EM Gain: | l 1.0 Low (x100.0) ‘ High (x300.0) |

T.I p /T] lt Offload S Tube Offset m_l stac: E7 vz Centroid X:| 0.103 pix Y[ -0.180 pix
b Loop Closed Servo Gain: I ] 0.22

T Zem Point:‘mi,[m(-‘ e Bandwldth:!_——F 50.00 Kalman Cent. X:| 0.103 pix Y| -0.180 pix
S ffloads (alt/ e = e —
tarts offloads (a t/az [ FlatField Set...| Unset (] Dark Full Set. | Unset = :RU [ | Residual cent. x| 0771 pix ¥ 0,699 pix
. . Kalman Filter b/w:|50.0000000 Hz 3 ,—

adJ UstmentS) to Un]t telescope - Dark Sub Set...| Unset |[] Dark Sub Custom Set...| Unset o ProcssVar:lOAOODOOOO pix~2 B 10 :1.00
CamATemp.:inan deg C Use: Camera (16} Auto MeasurthnIO,DODOOOO pix~2 o X:I 0.000 Acijgy 0,000 55

Offload X:| 0.128 pix YE, 0.671 pix

locks position of object

Mode Sw ing
Integrated with ISS EE== L saing o O e oerana i 021+ v Tie[ 0360V
Frame type: 5
to average:
eg \ [] Acquire And Guide ] Guide Pending (® Sub O Sub Custom Actual Tip:[ 0313V m;, 0.437V
[] Acquire And Start TipTiit Run |[] TT Pending o [ e 0 e 0 Sky 0 o t0: 0.001s +_[ 0.001s
(N x0.003s) (Nx0.0035) (N x0.003s (N'x1.0s)
[] Start Acquire Run [] Stop Run Seeing FWHM:| 1.565 arct +_| 0.123 arc:
[#] Start Tip-Tiit Run [ Acquire Active FTT Active Photon Rate:|69624891(
[] Start Tip-Tilt Run (No Servo) Shutter Open Run Untll Stopped [ Guiding Object Centroid Errorz| 0.229 pix




Delay Line

FTTENGGUI: control panels for each
delay line

Operator uses DL GUI with Fourier GUI
to perform fringes search

Manual operation
Define our coordinates (1)
Start tracking sidereally (2)
Apply offsets until fringes found (3)

Fringe tracking software automates
this procedure (DL <—-> FOURIER)

dlenggui [SUPERVISOR@dI-shearcam:30620]

Hour Angle: 0.0000000 s OPD Control
Position: 14.0000118 m [ sidereal Telescope Coords...
Stop/idle Error: 0.0000000 m [J Const Accel - |0_000
[ patum Jitter: 0.0000000 m
. . PP —— Const Vel :- 0.000
[ DirectSlew Carriage VelDem: 0.0000000 m/s g |
O - Limit+ [ VelDemNow: -500.0000000 my/< [ Position :- |14.00000
[ FollowCurrent  PosDemNow: -500.0000000 m Hold
[ Track Intra-Night Offset: 0.0000000 m Custom Trajectory..
[ Fringe Track FT Offset: 0.0000000 m
— Stop/idle
@ Roll: 0.0003723 rad
] Steering On b b e B
Steering: 0.0001509 rad [ patum
Shear Err X:/0.0000403 m  ¥40.0000397 m A n
O TipTilt on heat [ Direct Slew :- [0.000 m/s
Tip-Tilt X: |0.0028589 rad Y¥-0.0023804 rad R =
Mttt Intra-Night Offset: [0.000000 []m
[] Focus On Focus: 50006394 m -
Log offset |[0.000010 [BES
I Steering Steering Pos,..I
Tip-Tilt ITlp-TiIt Pns...I
Focus
[ Set|-0.003 m + -IO.UUOS m|
[ DEBUG (FINE) (] VERBOSE (FINER)
[TRLYS]  INFO: Ignoring slew command data from VME because direct slew command is in force
[Previous message repeated 87 times]
[dlenggui] INFO: Ack received for command 'TipTiltOff' Tag=7: parseFlags=[11 1]
[TRLYS] INFO: Ignoring slew command data from VME because direct slew command is in force
[SYSTEM6] INFO: Entered TIP-TILT OFF state: x=0.002859 y=-0.002380 rad
[TRLYS]  INFO: Ignoring slew command data from VME because direct slew command is in force
[Previous message repeated 9 times]
[dlenggui] INFO: Ack received for command 'TipTiltOff' Tag=8: parseFlags=[11 1]
[TRLYS] INFO: Ignoring slew command data from VME because direct slew command is in force
[Previous message repeated 36956 times]
Record Lastl Record Nextllon sec Abort Recording|| New Session lfhome,lmmi[DLDATNdIIog_znZSO312_011900 /

Comment:l

Add to session




Fourier

Infrared science instrument
for fringe imaging

ESO designed and built

Custom hardware/software

ESO New General detector
Controller (NGCGUI)

Fringe imager
Fringe searching
Records images
Future: fringe tracking

Link image output with ICONN
fringe tracker

VIR
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Automated Alignment System (AAS)

BAASGUIN = O x

Beamline alignment tool

DL BMSESMSS UTLIS toDL | MOB to UTLIS | To FOURIER Common controls | Beamiine Procedure Status

Controls

Mirrors

Alignment light 'sources
Beamline detectors (QC,WFS, BE

Temperature sensors

Often connects with VCH statio

as da
+ centroid
x fiducial

®
®
v
v
v
v
v
v
v
v
v
v
v
v
®

QC1 - W1 -insertion state out




Vacuum Can Hub (VCH)

>

>

>

Custom designed HW controller board
» Arduino MCU (Teensy 4.1: ARM Cortex M7

600 MHz)

» Underclocked to 24 MHz (low heat)

Networked

» ModbusTCP
Multiple serial channels
Network interface:

» Actuators

» Temp sensors

» Beamline detectors (QC)

» Alignment light sources
Applications

» Beamline alighment

» Vacuum cans, optical tables




Current Efforts

» Increase software systems’ stability
» Integration and testing stage
» Discover and correct hard-to-find bugs (FTT, ISS)

» Migrate from manual to semi-automatic operation
» More applications unified with ISS, fewer GUIs

» Data archiving
» Logs, engineering and science data into one location
» Flat files, human readable, metadata descriptions

» Search and quick-look

1dalena Ridge Observalg




Challenges & Future Efforts

» Instruments & systems age out

» Legacy parts scarcity

» Migrating to newer standards (PCle)

» Update applications to current versions (Xenomai 2 - 4)

» Add more unit telescopes

» Need to scale software to handle >= 3 UTs
» New instruments

» |ICoNN Fringe Tracker

» VCH 2.0

1dalena Ridge Observalg
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