R

pajl)

437 )

Received April 13, 1998; Accepted July 15, 1998

JEEF 27, 10 (1998) 582-590

FLWEARSIEEEZRWENL P2 o FRBEEFEE

— /WA, kB

(BF) HIZBfEpT 7 - BREBARARR T319-1221 HIfiKAHH»HT 7-2-1

An Adaptive Optical System with a New Wavefront Control Algorithm and a Hartmann

Wavefront Sensor

Yuuji ICHINOSE and Makoto SENOO

Power & Industrial Systems R & D Division, Hitachi Ltd., 7-2-1, Omika, Hitachi 319-1221

An adaptive optical system (AO) with a new algorithm providing wavefront control is described.
The algorithm determines actuator commands of a deformable mirror to minimize the difference
between the actuator’s stroke and the average of the predicted wavefront which is orthogonal to
the actuator. If actuators are arranged in a square (N X N), the algorithm can reduce the amount
of processing from N* to 2N% The AO has a deformable mirror with 64 actuators and a
Shack-Hartmann wavefront sensor (WFS), which detects a wavefront slope by using 17X 17
lenses. The stroke range of the mirror is about 5.4 gm and the actuator spacing is 4 mm. The lens
spacing (d) is 2mm and the slope resolution of the WFS is 1/20 (1/d). Experimental results
show the AO can correct the distorted wavefront within a phase error of 0.11 rms. The permitted
arrangement error between the WFS and the deformable mirror is a quarter of the actuator

spacing.
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Fig. 1. Diagram of experimental apparatus.
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Table 1. Specifications of the adaptive optical system.

He-Ne laser
« Power: 2 mW
» Wavelength: 633 nm
» Beam diameter: 80 mm

Deformable mirror
» Mirror size: 35X 50 mm
« Actuator numbers: 64 (8Xx8)
 Mirror stroke: 5.3 zm
« Cut-off frequency: 10 kHz

Wavefront sensor
- Type: Shack-Hartmann
- Effective diameter: 50 mm
« Spatial resolution (4): 2 mm
» Slope resolution: 0.05 (A/d)
* Interval: 30 Hz
Personal computer
- CPU: 80486, 66 MHz
» Frame memory: 640X 512X 8 bit
Driver
» Numbers: 64
* Maximum voltage: 100 V
» Resolution: 0.025 V
* Interface: GPIB
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Fig.2. Photograph of the deformable mirror. Features: (a) Mirror size 35X50 mm, mirror material:

Quartz glass, stroke 5.3 um, bandwidth 10 kHz. (b) Mirror thickness 1 mm, number of arrays 8, number

of actuators 8 X8, actuator spacing 4 mm.
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Fig. 3. Diagram of the Hartmann wavefront sensor.
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Fig. 4. Location of actuators on the mirror and lenses in

the wavefront sensor. Each actuator command is deter-

mined as the difference between the actuator’s stroke and

the -average of the predicted wavefront which is or-

thogonal to the actuator.
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Fig.5. Flow chart of the algorithm.
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Fig. 6. Location of actuators and lenses on the frame memory.

Table 2. Parameters of the wavefront control program. Table 3. Displacement of the deformable mirror. The
Item Symbol Value displacement is measured at the mirror positioned above
Numbers of lens (M, N) RUART) the actuators arranged in a square (8 X8). The unit is gm.
Lens 1 position (Ly, Ly) (170, 112) No. ! 2 3 4 5 6 7 8
Lens spacing (s wy) (17.6, 17.8) 1 6.5 5.7 5.1 57 58 6.2 6.3 6.3
Wavefront calculation area (W, H) (17, 17) 2 55 5.9 53 4.7 5.4 54 52 5.3
Gradient of actuator vs. pixel (go &) (1.0,—1.00% 3 6.0 4.2 4.9 4.9 4.3 4.3 54 4.8
Actuator 1 position (M, M,) (191, 380) 4 5.1 5.7 4.5 52 4.7 45 52 5.2
Actuator spacing (Awxs Awy)  (36.9, 35.6) 5 5.2 5.1 46 50 4.7 4.1 53 4.9
6 5.5 5.0 4.7 51 4.7 4.4 52 5.2

7 6.1 5.4 43 49 55 4.8 59 5.2

8 7.1 6.1 57 63 59 6.2 6.6 6.6
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Fig. 7. Displacement of the deformable mirror surface.
The displacement is measured by using the wavefront
sensor. The unit of the graph is wavelength (1 =633 nm).
(a) Actuator No. 35, which is located in the center of the
mirror, is applied at 10 VDC and other actuators are not
driven. (b) Actuator No. 7, which is located on the edge of
the mirror, is applied at 10 VDC and other actuators are
not driven.
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Fig. 8. Experimental results. The AO corrects the mirror

surface. Phase error before control is 2.41 rms and that
after control is 0.098A rms.
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Fig. 9. Experimental results of wavefront. The AO con-
verts the wavefront computed by eq. (8). Phase error
before control is 0.724 rms and that after control is
0.040A rms.
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Fig. 10. Response of wavefront conversion. The AO con-

verts the wavefront computed by eq. (8).

Table 4. Phase error and response against control gain.
The unit of response is the control interval.

Control gain  Phase error [2 rms]  Response [a.u]

2 0.050 30
5 0.040 12
10 0.040 6
20 0.055 3
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Fig. 11. Influence of arranging error. Phase error after
control is measured when actuator position is moved. (a)
Moving direction x or y. The unit is a pixel of the frame
memory. (b) Gradient direction x or y.
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