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INTRODUCTION & AIM RESULTS & DISCUSSION

Atmospheric optical communication links are promising for high-capacity free-space
transmission and quantum communication systems. 94% 90% 10 s 8 min
The main limitation is wavefront distortion caused by turbulence and scattering: the neray atg;?ugrz energy atg;?ugrz oi)t’:i)rcr:]ri]zaasttiign zglt-ifrlliir:;iig?]
focal spot becomes wider and less energy passes through the receiving aperture.

Aim: experimentally evaluate adaptive wavefront correction algorithms that maximize
transmitted optical power through small apertures using feedback control.
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deformable mirror; hill-climbing; stochastic optimization.

Hill-climbing 5,800 ~8 min 25,823 /27,472

Bernoulli stochastic 500 ~10 s 23,200

METHOD

Experimental setup

» Laser beam diameter: 45 mm.

* Receiving apertures: 20 um and 10 um.

* Photodiode current after the aperture was used as a merit function proportional to
transmitted energy.

» The control element was a bimorph deformable mirror driven by feedback from the
photodiode signal.

Interpretation

« Hill-climbing reached the highest correction accuracy: up to 94% of the
theoretical energy through the 20 ym aperture and around 90% through the 10 um
aperture.

* The stochastic method was much faster: 500 steps and about 10 seconds, but
with slightly lower final efficiency.

* The trade-off is clear: deterministic optimization is preferable when maximum

energy concentration is required; stochastic control is preferable for real-time
Bimorph Aperture + Optimization .
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1. Deterministic hill-climbing: ‘ Pvar—
sequentially changes mirror electrode A
voltages and keeps the direction that o Vs
: . . - becomes beter?
improves the merit function. ~
2. Stochastic Bernoulli control: applies AU=-AU |  u=u+aU
random perturbations to accelerate | T
convergence and estimates a better ‘
control vector from feedback. S~ CONCLUSION
TTM/// Adaptive optical correction with a bimorph deformable mirror significantly
v=u-au improves energy concentration at the receiver of an atmospheric optical link. The
AU =- AU deterministic algorithm provides the best final correction, while the Bernoulli
ryremr—T stochastic algorithm provides substantially faster convergence. The obtained
results support the use of adaptive optics in high-speed free-space and quantum
Fig. 1. Hill-climbing algorithm flow chart. optical communication links.
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compact FSO receivers.
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