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Introduction – NIRPS

• NIRPS will work in parallel with HARPS on the 
3.6m ESO telescope.

• Size of fiber of 0.4” (diameter projected on the 
sky). The system will run between 250 and 
1000 Hz depending on the guide star 
magnitude 

• The WFS camera, is an OCAM2K (EMCCD) with 
a custom lenslet array (16x16 subapertures
with only 14x14 used for the sensing). 

• The DM is an ALPAO DM241 (with the high 
speed option). Large stroke (tip-tilt stroke ≈ 50 
μm Peak to Valley), linearity (0.03%) and fast 
settling time (0.44 ms). 

• Real time controller is an off-the-shelf product 
made by ALPAO: ACE. It consists in a Matlab© 
Toolbox where all the hardware (WFS + DM) is 
interfaced in.
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Introduction – Goals & scope of the new controller

• Have similar performances than the old controller.

• Damp one or more constant sinusoidal perturbation at unknown/slowly variable 
frequency.

• Keep computational load/complexity as low as possible but satisfying the two first 
criterions.

• (Identify the perturbation frequency)

It is expected that spurious vibrations will be present once the system is installed on the 
telescope, originating from effects such as wind-shaking of the telescope structure or
moving elements in instruments (e.g. fans, cryo-cooler and motors).

Motivation

Goals
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Controller – Definitions and structure (one freq.)

• Perturbation model

• Internal model principle controller

• With and

• Since DM(s)≅1 for the relevant frequencies of the system which is operated at max 
0.8-1kHz, the AO system is defined by



• Nominal performance is given by weighted infinity norm of the sensitivity function:

• Equivalent to , or
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Controller – Nominal performance



• indicates that L must be 
outside of a circle of radius W1 centered at  
(-1;0) in the Nyquist diagram.

• Equivalent to saying that L must lie below a 
line d* tangent to the circle and 
perpendicular to the line between L and -
1

• However d* is dependent of the 
controller parameters ρ

• To avoid this, a desired open-loop transfer 
function Ld can be given which makes d 
independent of the controller.
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Controller – Nominal performance



• Equation for d :

• So the constraint becomes, at a given ω:

With

• By using a grid on ω, we get a set of constraints linear in ρ.
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Controller – Nominal performance
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Controller – Terms

• Weighting function :

• Desired open loop transfer 
function                      obtained 
by computing a stabilizing 
controller with similar 
performance to the classic 
integrator controller but 
containing internal perturbation 
model. Then using it to 
compute Ld

• A modulus margin constraint of 
0.5 is also added.



10

Controller – Synthesis (one frequency)

• For each perturbation model at pulsation ωp,l =2π fp,l we obtain a weighting function                  
and a desired open-loop transfer function                  .

• Best performance, by minimizing i.e minimal  ϒ s.t.

• Design a gain-scheduled controller linear in perturbation frequency by bisection

For fp,1=5 to fp,L=50 (5Hz step) and ω1=1e-3 to ωK =Nyquist frequency (5000 points)
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Controller – Synthesis (one frequency)

• K0 and K1 are of order n=7

• Classical integrator in red dashed line
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Controller – Synthesis (Multiple frequencies)

• The same approach is used for two and three frequencies. 

• The only difference is that the frequency and model indexes are different. For each model 
index a pair/triplet of frequencies is associated.

• For instance, with two frequencies model l=1 is for perturbation at 5/10 Hz,  l=2 is 5/15 etc.
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Frequency estimation – Perturbation estimation

• H models the perturbation

• w is a white noise, and p is a 
sinusoidal perturbation

• a , p and e are not accessible

• The sequence of measurements 
emeas and commands to the 
mirror y are available

• We assume that DM(s)≅1
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Frequency estimation – Perturbation estimation

• Three models of the perturbation, for one, two or three perturbations.
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Frequency estimation – Parameter vector (one freq.)
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Frequency estimation – Parameter vector (two freq.)
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Frequency estimation – Perturbation p estimation

• Need of an estimation of p

• a , p and e are not accessible

• The sequence of measurements 
emeas and commands to the 
mirror y are available

• Since

• An estimation of p can be 
obtained from emeas and y



1.

2. Build z(k+1) and   

3.

4.

5.

6.

7. to keep the trace constant   
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Frequency estimation – Summary
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Results – Controller (simulation)

• Simulation with a controller tuned at
the exact frequency of the
perturbation

• Input signal corresponding to a
realistic atmospheric profile

• Results are close to those obtained
with the classic integrator controller
when no disturbance is present.
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Results – Controller (test Bench)

• On the test bench, perturbations
are inserted either by adding a
command to the DM and/or with a
DC motor with an eccentric mass.

• Step application of the
disturbances via DM after 10000
samples at 814 Hz

• Controller tuning start at 20000
samples

• Amplitude equivalent to 150 [mas]
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Results – Controller (test Bench)
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Results – Online frequency tracking

• Verification of tracking
results via step and linear
change in frequencies

• In both cases, the
algorithm is able to track
the frequency variation



23

Results – Controller (Performance metrics)

• Attenuation with respect to open-loop

• Ratio between closed-loop and without disturbance

• Attenuation at disturbance frequency

• Comparison with integrator controller : Ratio of closed-loop RMS and
difference in attenuation at disturbance frequency



• In one case, disturbance applied via the mirror and in one case via DC
motor

• DA > 30 [dB] and attenuation with respect to open-loop >25 [dB] and
identification within 0.1 [Hz]
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Results – Controller (one frequency)



• In one case, disturbance applied via the mirror only and in one case via DC
motor and mirror

• DA > 30 [dB] and attenuation with respect to open-loop >25 [dB] and
identification within 0.1 [Hz]
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Results – Controller (two frequencies)
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Results – Controller (three frequencies)

• DA > 25 [dB] and attenuation with respect to open-loop >24 [dB]



27

Controller – Comparison with integrator controller

• Clear improvement in the closed-loop RMS values in all three cases
(>93%)



28

Conclusion

• The frequency estimation is computed on-line, thus avoiding the need for 
additional measuring instruments for that purpose.

• Real-time update to match the perturbation frequency.

• Optimization is carried out only at initialization.

• Algorithm tracks accurately a time-varying frequency.

• Clear improvement in RMS closed loop values and attenuation at 
disturbance frequency.
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Thank you


