
Report on GMOS timestamp accuracy

19 October, 2021

Prepared by Venu Kalari, Fredrik Rantakyro, and Joanna Thomas-Osip

Summary:
The observation start timestamp accuracy of GMOS-S and GMOS-N was measured using
observations of GPS satellites. The average difference at GMOS-S from the predicted satellite
trajectory compared to the UTSTART header keyword was 0.164±0.03s, and for GMOS-N was
0.207±0.02s. This information has been added to the Gemini webpages1.

Motivation:
The motivation of this experiment is to provide an estimate of the start timestamp (the fits
header keyword UTSTART) error for Gemini Observations. This is to help users with precise
timing requirements to estimate the error associated with the UTSTART keyword. This is a
recommended action of the UCG 20192.

Method:
Observations of GPS satellites, with known high-precision orbits are used as time clocks,
enabling a measurement of the timestamp precision down to the 10ms level. The basic principle
is to track a GPS satellite with a high-precision orbit using GMOS imaging. The difference
between the predicted satellite position, and the observed position corresponding to the start of
the observation3, can be used to work out the UTSTART timestamp error.

Current status:
In 2019 and 2020, observations of around 10 satellites with high-precision orbits following the
method outlined were conducted using GMOS-S and GMOS-N at both Cerro Pachón and
Mauna Kea. Similar experiments were also performed using the visiting instrument Alopeke at
Mauna Kea4. Analysing the observations, it was found that the GMOS-S and GMOS-N
UTSTART header keywords when used as the start timestamp were ahead of the predicted time
using the satellites orbit. For GMOS-S, and GMOS-N, the UTSTART header keyword was
ahead by 0.164±0.03s and 0.207±0.02s respectively. The observations were also analysed to
search for any trends with the observation time and telescope pointing. No clear trends were
identified.



A similar study on the timing precision of Alopeke at Gemini North was conducted by the
instrument team4. The authors of the study concluded that their observations were 0.163±0.07s
deviant from the timestamp.

Future plans:
Further plans are being explored to conduct similar observations using the optical Zorro imager,
and examining the timing accuracy of the  near-infrared Flamingos-2, both at Pachón, as well as
follow-up observations using GMOS-S and GMOS-N. Incremental improvements in the
measurement precision can be made by improving the mirror coordinates of both telescopes5.
Available coordinates of both telescopes are currently slightly offset towards the telescope
foundations.
Currently, there are multiple variables that can alter the precision of the timestamp. But, the
maximum achievable precision is limited by the telescope’s GPS clock (1 ms level). For this
methodology, the limit is set by the known precision of the satellite orbit (around 10ms). Future
extreme time precision observations may require GPS time receivers to automatically trigger the
camera to achieve precision beyond the 1ms level.
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