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Abstract The refractive index structure constant C, is an important atmospheric parameter reflecting turbulence
intensity. Herein, a new C, inversion method is proposed based on the coherence length r, and isoplanatic angle ¢, data of
the entire atmospheric layer to address the problem related to the fact that many initial input data are needed for inversion
and inversion without single type data. Based on the generalized Hufnagel-Valley (HV) turbulence model, the theoretical
relationship between r, and 6, is deduced. Based on the measured data of r, and 0, in Nanshan, Xinjiang, the seven
parameters of the generalized HV model are obtained using inverse calculations followed by the determination of the C;
profile. These seven parameter values are substituted into the deduced theoretical relationship of r, and 8, to calculate the

value of §, on any single day. The simulation results show that the variation trend of the fitted average C; and single-day
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C; profiles are in good agreement with the Xianghe model, and the coincidence degree is high. The average value of the

daily correlation coefficient between the calculated and the measured 6, profiles reaches 81.95%, and the highest value is

87%. The results verify the feasibility of the proposed method and provide a reference for the inversion of the C; profile.
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Fig. 2 Three-ring apodizing mirror. (a) Physical picture; (b) structural drawing
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Fig. 3 Structure diagram of optical receiving system
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Table 4 Value range of parameters
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Table 5 Relevant parameters of C; profile simulation

Parameter Range Parameter Range/Value
a, [10 7, 10 '] b, [1500, 3000]
¢ [8,12] a, (1077, 10 "]
b, [800, 1200] b, [200, 800]
a, [10 ", 10 "] G 0.0001
M(Average) [0.41625, 0.41630] R /em(Average) 6.3313
M(2020-12-12) [0.45440, 0.45450] R /em(2020-12-12) 4.9984
M(2020-12-14) [0.45740, 0.45780] R /em(2020-12-14) 6.5638
M(2020-12-17) [0.46970, 0.46980] R /em(2020-12-17) 6.9843
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Table 6 Results of parameter simulation
Parameter a, c b, a, b, a, b, Model
7.10x10 ™ 10 900. 00 2.61x10 " 2500. 00 1.10x10°"* 250. 00 Average
Value 6.73x10 ™ 10 933.33 3.74X10° " 2200. 00 1.64X10 * 350. 00 2020-12-12
4.68X10 ™ 10 943.51 1.83x10° " 2131.10 1.02x10° " 414. 14 2020-12-14
1.30x10 ™ 10 1000. 00 1.41x10°" 2700. 00 1.21x10° " 340. 00 2020-12-17
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Fig. 4 Comparison of turbulence models. Comparison of single day turbulence model, Xianghe model, and average model on
(a) 2020-12-12; (b) 2020-12-14; (c) 2020-12-17
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Date R, Date R, Date R, Date R,
2020-12-12 0. 8380 2020-12-16 0.8033 2020-12-23 0. 8260 2021-01-04 0.8108
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2020-12-14 0. 8708 2020-12-18 0. 8051 2020-12-30 0. 8087 2021-01-06 0.8234
2020-12-15 0.8129 2020-12-19 0. 8150 2021-01-01 0.8132 2021-01-07 0.8247
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