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Abstract: At present, the ground layer adaptive optical systems are using multiple laser guide stars arranged in
regular polygons as reference targets to measure the effects of atmospheric turbulence. Obtaining the optimal posi-
tion of laser guide stars becomes an interesting problem to analyze. This paper proposes a method to obtain the
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optimal position of laser guide stars by using a genetic algorithm as the optimization algorithm and a simplified
geometry model of the ground layer adaptive optic system as the evaluation function. Furthermore, multi-process,
Numba library, and multi-thread techniques methods are used to accelerate calculation speed. Based on these me-
thods, real atmospheric turbulence profiles are used to analyze the relationship between the optimal position of laser
guide stars with different numbers and the different atmospheric turbulence profiles from the same site, through an
example of a ground layer adaptive optics system with 14 arcmin field of view. The results show that the optimal po-
sition of laser guide stars in the same site is almost the same and their statistically optimal positions are all regular
polygon. Besides, we also find that the spatial resolution of turbulence profiles has strong effects to positions of laser
guide stars, showing that the more equivalent layers in the measurement results, the closer the position distribution
of laser guide stars is to the regular polygon.

Keywords: laser guiding stars; atmospheric turbulence; genetic algorithm; location optimization; algorithm to acce-
lerate
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Table 1 Atmospheric turbulence data Table 2 Turbulence data format in paranal
/m CAmAAI3) I(m/s) 1)
Stereo-SCIDAR 7563 100 0 2.247E-14 11.474 347.4
MASS 163208 6 250 2.068E-14 10.345 332.9
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Table 3 Turbulence data format in Mauna Kea

05 7.99E-14 59 1.47E-14 9.9 4.28E-14
X 6 05 697E-14 1.0 8.89E-22 2.0 1.09E-20
40 3.49E-15 8.0  4.90E-14 16.0 6.63E-15
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Fig. 2 Flow chart of the genetic algorithm
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Fig. 6 The position results of the laser guiding star for five measurements with single turbulent profile data. (a)~(e) The results of guiding
star positions under the same condition for five measurements respectively; (f) Total positional results of five measurements
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Table 5 Comparison of running time with different acceleration schemes S
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+Numba 3.5 33.5 48 65 96 128 164 321
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Fig. 7 The position results of the laser guiding star for three measurements with another turbulent profile data. (a)~(c) The results
of guiding star positions under the same condition for three measurements respectively
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Fig. 8 Atmospheric turbulence profiles corresponding to the above two cases. (a) Atmospheric turbulence profile corresponding to Figure 6;
(b) Atmospheric turbulence profile corresponding to Figure 7
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Fig. 9 Location distribution of laser guiding stars at different observation stations. (a) Paranal; (b) Mauna Kea
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Fig. 10 The position distribution of three and four laser guiding stars in Paranal. (a) Three stars; (b) Four stars
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Fig. 11 The position distribution of three and four laser guiding stars in Mauna Kea. (a) Three stars; (b) Four stars
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The density map of optimal locations of laser guide stars for a GLAO system in Paranal

Overview: The ground layer adaptive optic system (GLAO) uses wavefront sensors to measure wavefront errors from
several different field of views and corrects the ‘mean’ wavefront errors from these measurements with a deformable
mirror, which could slightly increase image quality in a wide field of view. The GLAO is particular useful for multi ob-
ject observations, such as multi-object spectroscopic observations and wide field astrometry or photometry. The GLAO
system normally assumes that there is a ground layer atmosphere turbulence in a fixed height, and thus it uses several
laser-guide stars with fixed positions in the field of view to measure wavefront errors from that layer. However, the at-
mospheric turbulence is a stochastic medium and the height and strength of the ground layer will change continuously
in real applications. Does there still exist optimal positions for these laser guide stars? Calculating the performance of
the GLAO system with different configurations under different turbulence profiles is a straight forward method to ob-
tain the optimal position of laser guide stars, but it will cost a very long time. In this paper, a simplified geometric model
is proposed to evaluate the performance of the GLAO system. The genetic algorithm is used to obtain optimal positions
of laser guide stars for different turbulence profiles from real measurements of different sites. Because there is a huge
amount of atmospheric turbulence profiles, multi-processing, Numba library, and multi-thread techniques are used to
further accelerate the computation speed up 3240 times that of the ordinary method. Based on the aforementioned me-
thods, we have evaluated the GLAO performance with laser guide stars of different locations under different turbulence
profiles from Paranal and Mauna Kea. We assume the turbulence profiles as random variables of independent and iden-
tically distributed and random sample a small batch (2000 turbulence profiles from different sites) to estimate the op-
timal position of laser guide stars. We have found that the optimal position of laser guide stars in the same site is almost
the same and their statistically optimal positions are all regular polygon. However, we have also found that the spatial
resolution of atmospheric turbulence profile measurements has strong impacts to the performance evaluation, showing
that higher spatial resolution can lead to a more concentrated distribution of the laser guide stars. It indicates that it is
necessary to obtain enough high-resolution turbulence profile data to better evaluate site conditions for China future
large telescopes with GLAO systems.

Citation: Li C E Jia P, Cai D M. Optimizing the location of multiple laser guide stars in ground layer adaptive optical
systems(J]. Opto-Electronic Engineering, 2020, 47(9): 190515
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