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A modal control algorithm is used to maximize the efficiency of the adaptive optics system. Within the control loop, we require an inverse matrix to quickly determine actuator position based on sensor input. This inverse matrix is determined by measuring an interaction matrix, then use singular value decomposition (SVD) to determine calculated its inverse.

1. Interaction matrix.

First an interaction matrix is measured. The interaction matrix measures the sensor response to a particular actuator movement:


S[s] = Imat[s][a] * A[a]

Where,
S[s] are sensor measurement.


A[a] are actuator command vectors


Imat[s][a] is the interaction matrix.

Basic procedure to collect the Imat is to exercise each actuator and measure the sensor response, ie:

1. Flatten the DM mirror

2. Move actuator[a] positive act_stroke.

3. Measure effect on all sensors:  pos_signal[s]

4. Move actuator[a] negative act_stroke.

5. Measure effect on all sensors: neg_signal[s]

6. Move to next actuator

Each value in Imat is basically:


Imat[s][a] = (Pos_signal[s][a] – negative_signal[s][a]) / act_stroke  
(basically,  signal / volts)
2.Our goal is to invert Imat[s][a] to give an inverse matrix Inverse[a][s] such that,


A[a] = Inverse[a][s] * S[s]

This is accomplished using the following steps.

1. Do singular value decomposition. SVD(Imat) give V, U, and V where:

Imat[s][a] = U[s][a] * W[a][a] * transpose(V[a][a])

2. The inverse matrix is determined by:

Inverse[a][s] = V[a][a] * W-1[a][a] * transpose(U)

Since W is orthogonal, in invert it we just reciprocate each of its diagonal elements:

The columns of matrix U are the system eigenmodes, and the corresponding element of W, the eigenvalues. Often one or more of the eigenvalues (elements of W) are close to zero. These elements correspond to null vectors, or uncontrollable modes of the system. We deal with this problem by simply excluding null vectors from the control process. That is if, W[a][a] is small, set 1/W[a][a] to 0.  

