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In this thesis, we develop and evaluate a new tomographic wave-front reconstruction method for wide-field adaptive
optics (WFAQO) systems, called multi time-step wave-front reconstruction, to solve the lack of information in
tomographic reconstructions and expand the field of regard (FoR) of WFAO systems. Also, we evaluate a method to
estimate wind speeds and directions at multiple altitudes using the measurements from multiple wave-front sensors.
This wind estimation method is required to implement the multi time-step reconstruction. The basic idea of the multi
time-step reconstruction is to increase the information using the measurements at both the current and previous
time-steps, which requires wind speeds and directions of wind and the frozen flow assumption.

First, we demonstrate the influence of the lack of information in the tomographic reconstruction. Then, we present that
the multi time-step tomographic reconstruction method is effective to reduce the tomographic error due to the lack of
information.

Second, we show the result of the numerical simulation of the tomographic reconstruction on a multi-object adaptive
optics (MOAO) system on a future extreme large telescope. The numerical simulation shows that the multi time-step
reconstruction increases Strehl ratio (SR) over a field of regard of 10 arcminutes diameter by a factor of 1.5-1.8 if we
know the wind speeds and directions.

Third, we evaluate the multi time-step reconstruction and the wind estimation method in the laboratory experiment on
RAVEN, which is a MOAO demonstrator. We can successfully measure the wind speeds and directions in the
laboratory experiment. Also, the multi time-step reconstructor can increase an ensquared energy (EE) in a 140 mas box
by 0.03-0.05.

Finally, we present the on-sky performance of the multi time-step reconstruction and the wind estimation with
RAVEN on the Subaru telescope. Unfortunately, there is no clear improvement by the multi time-step reconstruction
be- cause of the error of the wind estimation. With the off-line analysis with the on-sky measurements of the wave-front
sensors, we improve the wind estimation method and re-evaluate the multi time-step reconstruction. We conclude that
the multi time-step reconstruction can reduce the WFE compared with the normal tomographic reconstruction if the

decay ratio of the cross-correlation of WFS slopes is more than 0.7 and there is no dome seeing.
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