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Abstract. The Altair AO system at Gemini North has been in regular operation since 2004 in NGS 
mode. Over the past few years we have been routinely monitoring its performance looking at the telemetry 
in the form of circular buffers from the nightly tuning, in particular the residual tip-tilt (TT). We present 
analysis of these data which illustrate how the instrument support structure (ISS) environment affects the 
residual TT and how different components of the TT signal are affected by the instrument compliment.  

1. Residual Closed-Loop Tip-Tilt Measurements  
 
There is a routine systematic collection of Altair telemetry on a nightly basis (using the tuning 
stars at the beginning of the night).  Included in the telemetry data is the residual tip-tilt from 
the NGS wavefront-sensor.  This telemetry is stored in the circular buffer which has 61440 
data points for x-tilt, y-tilt and focus corresponding to ~ 1 min at 1 KHz sampling.  Figure 1 
shows a typical data set and figure 2 shows the nightly variation of the dispersions (standard 
deviation) of the x- and y-tilts.  The mean σx and σy values are self-consistent ~ 14 mas. The 
dashed vertical lines indicate different instrument configurations and the mean root sum square 
σ = √(σx

2 + σy
2) for these are shown in the bottom figure. 

Fig. 1. Typical Altair circular buffer for the residual x-tilt (top) and y-tilt (bottom). 
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Fig. 2: (left) Nightly variation of residual TT (root sum square of the x- and y- dispersions). 
(right) Average value for each instrumental configuration set-up. 

 
Figure 2a shows a significant variation in the residual TT on a nightly basis but also shows an 
increasing trend into 2011.  This is even clearer in figure 2b.  Both Gemini telescopes have 
four instrument ports on the rotating Cassegrain platform.  Altair is a facility AO system and is 
permanently mounted.  The other mounted instruments are determined by observing pressure. 
These are selected from (1) GMOS, a multi-object optical spectrograph; (2) NIRI, a near 
infrared imager and spectrometer; (3) NIFS, a near infrared integral field spectrometer; (4) 
GNIRS, a near infrared spectrograph; and (5) Michelle, a mid-infrared imager and 
spectrometer.  Details on these instruments can be found on the Gemini web pagesb.  Typically 
GMOS is permanently mounted for dark-time use but during this past semester it was removed 
for installation of newer red-sensitive CCDs.  Thus, the contribution to the residual TT from 
each of the instruments could be estimated.  These are shown in table 1.  As Altair is 
permanently mounted it is not possible, from these data, to determine the separate 
contributions from the optical bench and from the remainder of the optical path incorporating 
the AO fold, M2 and M1.  This indicates that minimum on-sky residual TT in each access is ~ 
10 mas.  

Table 1. Contribution to the residual TT from each of the instruments 
Instrument GNIRS NIRI NIFS GMOS Michelle Altair 
TT (mas) ~12.2 ~8.4 ~9.4 ~4.7 ~0 ~15.0 

 
These estimates have relatively large uncertainties, especially for GMOS, as there are only a 
few data sets when GMOS was not mounted. The uncertainties are ~ 2 mas and represent not 
only the mounting port differences but also the conditions under which the data were collected. 
It is also noted that Michelle does not seem to have any significant impact.  As more data are 
collected, it is expected that these numbers should improve, especially for Michelle and 
GMOS. As expected the near infrared instruments (NIRI, NIFS & GNIRS) show the largest 
contribution because of the cryo-pumps.  GNIRS significantly shows the largest contribution.  

                                                
b http://www.gemini.edu/sciops/instruments/?q=sciops/instruments 
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2. Power Spectral Analysis  
 

 

 

 

 

 

 

 

Fig. 3.  Averaged residual TT power spectrum  

 

 

Fig. 4.  Ensemble averaged power spectrum amplitude and cumulative averaged residual TT power 
spectrum for the 0 Hz < f < 100 Hz range.  

Power spectrum analysis of the residual TT signal yields important information about its origin 
and the effect of different instrumentation suites. Previously, we have shown how the residual 
TT is affected by the different instruments and the power spectral analysis can determine if 
there is a spectral signature for the different instrument configurations.  If so, this would 
identify the effect of the vibration environment on the AO optical bench.  In addition, if the 
spectra are dominated by a few dominant frequencies, then it may be possible to use Kalman 
filtering, or similar such algorithms, to minimise their impact.  Figure 3 shows a log-log plot of 
the ensemble average power spectrum of the residual TTRSS showing some dominant frequency 
sources and Figure 4 shows the cumulative power spectrum along with the amplitude of the 
power spectrum from 0 Hz – 100 Hz.  The power is clear distributed within the TT correction 
bandwidth with 20% energy contained within 14 Hz; 50% energy within 46 Hz; 80% within 
82 Hz and 90% within 126 Hz.  Note that he power spectrum shows distinct features: (1) a low 
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level continuum, (2) a large number of narrow harmonic features and (3) a few relatively broad 
resonance features.  The cumulative power spectrum shows where there are major 
contributions to the total energy over small frequency bands and these have been identified as 
a broad feature at 0.4 Hz; a raised continuum along with harmonics between 10 Hz and 20 Hz; 
a broad feature at ~ 47 Hz and a sharp relatively isolated harmonic at ~ 84 Hz.  Note the forest 
of harmonic responses in the 20 Hz – 85 Hz range.  

2.1. Environment Dependant Power Spectra 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 

Fig. 5. Nightly residual TT power spectra grouped according to instrument configuration. 

The large number (400+) of measurements also permit investigation of the power 
spectrum as a function of the instrument suite. The ensemble averaged power spectrum in 
figs. 3 & 4 significantly reduces the night-to-night variations, the effects of measurement 
noise and also illustrates the common spectral features but gives no indication of how 
they vary with time. Figure 5 shows the nightly TT power spectra grouped according to 
the eight different instrument configurations discussed in Figure 2. These are:  

1 – GMOS/Altair/NIFS    2 – GMOS/NIRI/Altair/NIFS 
3 – GMOS/NIRI/Altair/Michelle           4 – GMOS/NIRI/Altair/GNIRS 

        5 – GMOS/GNIRS/Altair/NIFS  6 – GMOS/GNIRS/Altair/NIRI 
7 – NIRI/GNIRS/Altair/NIFS   8 – GMOS/GNIRS/Altair/Michelle 
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The ensemble average power spectra for each of these configurations are shown in figure 
6.  As can be seen are some significant differences.  For example consider configurations 
5 & 6 where NIFS and NIRI are interchanged. The presence of NIFS introduces a large 
number of harmonics especially visible from for 50 Hz < f < 175 Hz which are not seen 
for the NIRI configuration where the harmonics have a much wider separation although 
some do overlap.  Also, the presence of GNIRS excites harmonics ~ 12.4 Hz and 32.2 Hz. 
The broad features located at 0.4 Hz and 47 Hz are visible for all configurations as is a 
feature seen ~ 69 Hz. The latter two show a small shift associated with the configuration, 
to lower frequencies when NIFS is mounted.  
 

Fig. 6. Averaged residual TT power spectra for the different instrument 
configurations (1-8 bottom-to-top) 

2.2. Vibration Sources 
 

 
Fig. 7. Averaged on-sky residual TT power spectrum as shown in figure 3 (black) with the 

calibration source measurement (grey). 
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Figure 7 compares the on-sky residual TT power spectrum to that from the daily 
calibration source measurements.  The calibration source is mounted on the Altair optical 
bench and is therefore not sensitive to TT signals in the optical path from M1, M2 and the 
AO fold.  As such, these spectra illustrate the frequency range affected by vibrations 
within the instrument support structure (ISS): frequencies < 35 Hz are predominantly 
affecting optical components external to the AO bench.  Measurements from the 
peripheral wavefront sensors and from M2 indicate that 10 Hz < f < 20 Hz are due to the 
M2 environment and the prominent signal at ~ 0.4 Hz is most likely due to the mount. 
These signals are in the optical path outside of Altair and this is confirmed in that they are 
invariant of the Cassegrain rotator position angle.  This is illustrated in figure 8 which 
shows the TT oscillation modes for different frequencies.  The left three are introduced 
before the AO fold and vary with the Cassegrain Rotator angle whereas the right two do 
not.  That some of these frequencies are affected by the instrument configuration implies 
that M2 could be impacted by vibrations from the ISS 

 

Fig. 8. Residual TT signal at a single date for the dominant frequency intervals.  Note the 
asymmetries and different orientations. 

3. Summary 
 
A comprehensive analysis of multiple nights of residual closed-loop TT telemetry shows Altair 
to be significantly impacted by its environment whether it is the suite of instruments on the ISS 
and/or the components before, and including, the AO fold. The effect of the different 
instruments on the residual TT has been assessed with the three NIR instruments, and GNIRS 
in particular, having the most impact.  Estimates of the TT transfer function suggest that there 
is significant residual TT motion at low frequencies ~ 300 mas as an upper limit due to the 
mount and M2.   The complex power spectrum suggests that there is no single dominant 
frequency which can be supressed to mitigate the residual TT by use of a filtering technique in 
the control system.  System improvement will have to be accomplished by identifying the 
vibration sources and dealing with them at the source.  Gemini Observatory is currently 
running a project to identify the mechanical vibration environment at both telescopes.  

The Gemini Observatory is operated by the Association of Universities for Research in 
Astronomy, Inc., under a cooperative agreement with the National Science Foundation on 
behalf of the Gemini partnership.  


