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Canopus Optical Bench

Beam input

BS

Beam output

DMO: conjugated with ground layer 2 beam splitters
DM9: conjugated at 9 km 5 LGS WFSs for high order correction
DM4.5: Flat mirror 3 NGS WFSs for Tip-Tilt correction

TTM: Flat TT mirror
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Control feedback loop
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Linear system with delays
Tip/tilt sensor (TTS): 4-quadrant diode
Flat TT mirror (TTM)

Controller: u constant over time interval AT (ZOH)

Integrator controller: u, = u,_, — g y,
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ement from NGS1

tip measur

Vibrations affect GeMS TT control loop

Tip and tilt cumulated spectra

tip NGS1 from buffer number 15113022710

Solutions?
» Model-based control
» Perturbation identification

Intensity [x10~3 mas+2]

~

()
T T

N
T

"""""""" L L L
Tip
Tilt
.
PP R B - S ST RS RS SR
0 20 40 60 80 100 120 140




AO4RTC, Paris, Dec. 2016, C. Kulcsar

Minimum variance control

Linear Quadratic Gaussian (LQG) control

Optimality criterion
J(u) = Var(gies)? = Var(gy,q - a, U)

Optimal solution - u :_E(¢k+1|yk=-"=y0)
aU
1 .
Uy = a_¢k+1|k
Practical computation .
State-space model Kalman filter
(X, = AX, +V . . .
o ok Xiok = A + Lo (Vi = Vin)
9 (pk — C¢Xk _I_ A . n
Dtk = C¢Xk+1|k
Y =Cx, —a,u,_,+w,
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Prediction Error Minimization

Perturbation & model PSDs

Minimize the prediction error
forward and backward in time
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Hz
[Kulcsar & al, SPIE 2012]

Choice of model order (state dimension)

Explicit optimization criterion

Full transition matrix

Rich behaviour

State or parameters have no physical interpretation

Yy v.v.yy.yw
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Initialization with subspace identification

|dentification of state-space model in innovation form {

Xp+1 = AX + Ko
Yk = CXy + Sk



Tip/tilt modelling and identification

ngs15108023248 tip's PSD, PEM identification ngs15108023248 tip's PSD, PEMc identification
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TIP power spectral Sparse order 22 model
density (PSD) on GeMS

[Juvénal & al, AO4ELT 2015]
[Leboulleux & al, AO4ELT 2015]

Sequential AR2 identification
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Tip/tilt control performance

Residual variances

[Juvénal & al, AO4ELT 2015]
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Off-line GUI

Model identification, Kalman filter gain computation and performance check
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Inside GeMS RTC: TigerSHARC ADSP-TS201

Dual-Computation blocks

RTC cycle: 1300us

TT specs: < 850us

Brute force implementation >1000us
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Parallel implementation

2 computation blocks, each with 3 independent operations

Ziip = Myip Prip

Uy = 0,0 Xy )A(k+1|k = A)A(k|k—1 +L. (Y, - j}k|k—1)
:aUC¢(A - LooC))A(k|k—1 = (A- LOOC))A(k|k_1 +L.y,

™
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Parallel implementation

2 computation blocks, each with 3 independent operations

Ziip = Myip Prip

'
Uit = My X + Cite Pri il i

Ziii = Myt Pt

(N+1,1) (N2 + N, 0) (0, N) Update
TTM

N =32 Total TT computation time < 300 us
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Conclusion & perspectives

Implementation valid for any linear controller
On-sky tests probably in fall 2017

High performance control for TT or for a few low-order
modes is not an issue

Generalization to any AO system?
» Off-line Kalman/observer gain computation (updates)
» On-line: 4 independent MVM of dimensions
ngz, n,n, n,n,n,n, with n.2n,n,
Exploration of new structures
» Combine HPC methods with physical descriptions

» Massive parallelization of off-line and on-line calculations
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Thank you for your attention!
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