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Context
● Leading edge Adaptive Optics (AO) systems in ground-based observatories 

produce vast amounts of telemetry & control data, that is either not stored or 
is difficult for end-users to have access to.

○ AO telemetry data has been traditionally seen as “engineering data”;
○ Poorly documented.

● Different observatories record data in different ways.
○ Sometimes the data format varies even for the same instruments(!)

● To our knowledge, there has been no major attempt to establish a 
consensual data format for AO telemetry to date.
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Motivation
● AO telemetry allows for use-cases such as:

○ Advanced exploitation of scientific data;
○ System performance estimation and runtime optimization;
○ Instrumental research.

● Due to its wide applicability, broadening access to this data has the potential 
to change the AO landscape on many fronts.

○ In line with the mission of Opticon-RadioNet Pilot (ORP).

● In other words, AO telemetry should be thought of as a science product.
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The concept
1. Create a data model that can provide a generalized representation of an AO 

system, regardless of:
○ AO Modes: SCAO / SLAO / GLAO / MOAO / LTAO / MCAO;
○ Guide stars: NGS, Sodium LGS, Rayleigh LGS;
○ Wavefront Sensors: Shack-Hartmann or Pyramid;
○ Wavefront Correctors: Deformable Mirrors, Tip-tilt Mirrors, Linear Stages;
○ Loops: Control loops, Offload loops;
○ Sampling: High-frame-rate, low-latency | low-frame-rate, larger latency streams.

2. Write data in a standardized data exchange format with a structure and data 
access that is consistent across all data producing systems.

3. Data easily shared with users, abstracted from instrument details.

4



Methodology
● Not realistic to save every single datapoint from every single system, so it is 

necessary to converge to a subset of useful data.
● We focused on 2 use-cases to support (top-down approach).

○ Atmospheric turbulence parameters estimation;
○ Point-spread function reconstruction (PSF-R).

● But we also looked at datasets from existent systems, to ensure we can 
support what is already being typically saved (bottom-up approach).
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Adaptive Optics Telemetry standard (AOT)
● We are developing the Adaptive Optics 

Telemetry standard (AOT).
○ Specification paper submitted to A&A.
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● Based on the Flexible Image Transport System (FITS).
● One file can contain all relevant AO telemetry data from one recording.

○ However, data duplication can be avoided by references to external files (optional).

● Envisioned as a way to nicely package generated data.
○ Post-processing step that makes data easier to share and use in pipelines.
○ Not designed to replace the real-time recording of instrument data (dumping).



Python Package
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● aotpy (Adaptive Optics Telemetry for Python) is 
an object-oriented Python package that 
supports AOT.

○ Python 3.10+, minimal dependencies (Astropy + Numpy)

● Publicly available on:
○ GitHub: https://github.com/STAR-PORT/aotpy
○ PyPI: https://pypi.org/project/aotpy/ (pip install aotpy)

Python package
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Readers and Writers

AOT .fits FITS reader Standard 
object

AOT .fitsFITS writer
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● The users are abstracted from the underlying file handling and structure.
○ No prior knowledge of the AOT standard is required (interaction through the data model).

● This modular approach allows the standard object to be completely 
filetype-agnostic.

○ One reader/writer pair for each file type.
○ This means that readers/writers for other file types (such as ASDF or HDF5) could be 

implemented (however, this is not currently being pursued).



Translators
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● These translation scripts allow the user to work with non-standard data 
via aotpy.

○ Bridges the gap for systems that do not make data available in the AOT format.
○ Requires one translator per system we want to support.

aotpy

CIAO 
translator

NAOMI 
Translator

Translator
X

System
X

Multiple .fits files

Multiple .fits files

Writer

CIAO 
telemetry

Standard 
object

AOT .fitsNAOMI 
telemetry



Proof-of-concept
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Code demonstration

1 from aotpy.translators import ERISTranslator
2 system = ERISTranslator('path/to/folder').translate()
3 system.write_to_file('example.fits')

ERIS data ERIS translator AOSystem 
object FITS writer AOT FITS file

>150 distinct .fits files(!) “system” example.fits
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Supported systems and data availability
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Source Instrument AO mode WFS config ESO run

ESO VLT GALACSI GLAO/LTAO 5 SHWFS 60.A-9278(B)

ESO VLT CIAO SCAO SHWFS 60.A-9278(C)

ESO VLT NAOMI SCAO SHWFS 60.A-9278(D)

ESO VLT ERIS SCAO/SLAO 2 SHWFS 60.A-9278(E)

ALPAO test PAPYRUS SCAO PyWFS / SHWFS N/A

Proof-of-concept data for all 5 all instruments also available at 10.5281/zenodo.8192741
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ESO Archive



Python Package

Demonstration
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Turbulence estimation fit utilising 
telemetry data for the NAOMI system.
Source: Morujão, N. et al. 2023, 
“Integrated turbulence parameters’ 
estimation from NAOMI adaptive optics 
telemetry data”, A&A, 678, A193

FITS reader AOSystem 
object

Turbulence 
estimation 

(r0, L0)
Processing 

pipeline
AOT .fits 
(NAOMI)



Future work
● Towards complete post-processing pipelines;

○ Prototype with current telemetry (e.g. ERIS) -> PSF-R;
○ Evaluate adoption for NextGen instruments (e.g. MAVIS);
○ Assist ESO’s ELT WG on PSF reconstruction.

● Maturing supporting tools and documentation;
○ Dashboard for exploratory data analysis (Beatriz S);
○ Improve integration with the ESO archive / query forms;
○ Increase database available on ESO archive.

● Exploring and demonstrating the usefulness of 
AOT in additional scenarios.

○ E.g., AIT phases, ELT-class telescopes, High-Contrast 
Imaging and Interferometry.
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Example table


