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Adaptive optics can overcome the deleterious effects of phase distortions experienced by
optical beams propagating through distorting optics or via a turbulent atmosphere. A multi-
dither adaptive optical system indirectly detects phase distortions using phase modulation, which
is applied to plural elements of a deformable mirror at individual element frequencies. Ana-
lytical and computer simulation results are as follows. 1) Each modulation signal detected at

the focal point is proportional to the difference in the laser phase, modulated at the same
frequency, from the avarage of the wavefront. 2) The control system has the same number

of elements as separate control loops which minimizes the amplitude of the phase modulation
signal. 3) The system always unifies the wavefront to the average of the phase distortions.
4) The correction of phase distortions is not influenced by coupled vibrations between the

actuators in the deformable mirror.
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Fig. 1 Schematic of laser phase modulation in
multidither adaptive optics. Each laser phase
is modulated by the deformable mirror in which
each actuator is supplied with a different fre-
quency signal. DM, deformable mirror; A, ac-
tuator; L, lens; @na, phase distortions; ¢m,
wavefront ; FP, focal plane ; I,, intensity of laser
at focal point,
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Table 1 Parameters of multidither adaptive
optical system.

Laser wavelength 10.6 um
Beam diameter 20 mm
Number of divided deformable mirrors 4
Mirror size 1X1cm
Focal length of lens 3m
Lens aperture 3cm
Peak magnitude of phase modulation 20°
Phase distortion (@1, @2, ¢s, Pa) (45, 0, 0, 0)
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Fig. 2 Phase modulation signals vs area of

photo detector. The detector area is normalized
by the area within the diffraction limit.
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Table 2 Transfer function of simulation model.

Def(_)rmable A(s)=1/(s/oc+1)
mirror 0 =400
Synchronous D(s)=1/(asw*+ asw®+ a2w?®+ aiw+ ao)
detector w=s/2007, low-pass-filter
Controller C(s)=kp/(s/2Tfc)
or =ki/s
Wavefront
__Controller ___ Laser
: A sin wnt: l {' * L bmd
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! \
ENch ’ J . 7

o

Fig. 3 Simulation model of multidither adap-
tive optics. CO2 laser, 1 W, ¢60 mm,; A, defor-
mable mirror with 9 segments, segment size=
22%x22mm; F, controller; D, synchronous de-
tector ; L, lens, f=1m; PD, photo detector; T,
target ; phase modulation, ¢=20°% fo=3.8kHz,
4f=0.5kHz.
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Fig. 4 Basic servo system for m-th loop. F(s),
A(s), D(s), transfer functions of controller, de-
formable mirror and synchronous detector, re-
spectively ; k., photo detector gain.
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Fig. 5 Evalution of stability in multidither
adaptive optics. %, and f. are parameters of
F(s), F(s)=ko/(s+1/2nf:). O and @ are stable
and unstable simulation results, respectively.
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Fig. 6 Simulation results of step response.
Phase distortions (@ma) occur at 25ms, where
Pma=[—30, 45, 90, 15, —45,  —105, —75, —15],
@ma=—30°. The final converged laser power
I, is achieved 100 ms after distortions occur.
Wavefront ¢n is corrected by the average value
of the phase distortions.
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Fig. 7 Simulation results of beam profile. (a)
Before correction, (b) after correction. Diffrac-
tion limit of the optics is about 0.4 mm.
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Fig. 8 Simulation results of step response with
coupled vibrations in deformable mirror. Phase
distortions (@ma) occur at 25ms, where @ma=
[90,0,0,0,0,0,0,0]. Responses of laser phases
(@3-o) are identical, but that of ¢. differs due
to coupled vibrations. In this simulation, on
modulation vibrations of actuator 2 are only
transferred to actuator 1. Although such cou-
pled vibrations occur, correction of phase dis-
tortions is achieved. '
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Fig. 9 Simulation results of step response with
coupled vibrations in deformable mirror. Phase
distortions (¢ma) occur at 25ms, where @ma=
[—30, 45, 90, 15, —45, —105, —75, —15]. Although
on modulation the coupled vibrations between
all actuators occur, correction of phase distor-
tions is achieved.

Table 3 Coupled vibrations coefficient Ame.
Suffix m is the destination actuator number.
Suffix % is the source actuator number.
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