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Fig. 1. Schematic of double-passage retroreflected laser propagation through atmospheric turbulence (unfolded).
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Fig. 3. Simulation model of echo light field based on infinitely long phase screen and random rough surface (unfolded).
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Fig. 4. Light intensity at the receiver plane and the speckle intensity on the image plane, the first two columns of target reflecting
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2o 3t i I 09 BLHOEBE; ro = 0.1 m, BIEOSEIA Y (o) WAAALA () fif 22 AA 1
Fig. 5. The echo light intensity and phase at the pupil plane under different atmospheric conditions (the target reflecting surface are
plane mirrors): (a) Receiving light intensity in free space; (b) receiving light intensity in turbulence atmosphere at r9= 0.1 m;

wrapped phase (¢) and unwrapped phase (d) of the echo light intensity at ro= 0.1 m.
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Fig. 6. The echo light intensity and phase at the pupil plane under different atmospheric conditions (the target reflecting surface are

(a) HH 2 MZWOEEE; (b) ro= 0.04 m,

plane mirrors): (a) Receiving light intensity in free space; (b) receiving light intensity in turbulence atmosphere at rg= 0.04 m;

wrapped phase (c¢) and unwrapped phase (d) of the echo light field at ro = 0.04 m.
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Fig. 7. PSF of the echo light field at different ro: (a) ro = 0.10 m; (b) 7o = 0.04 m.
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Fig. 8. DOC of the echo light field at different rg: (a) ro = 0.10 m; (b) 7o = 0.04 m.
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Fig. 9. (al)—(a3) Rough reflection surface, echo receiving light intensity and DOC of the receiving light field corresponding to
different 8, ( Ly = 0.0532m): (al) &, = 102X, (a2) &, = 1071\, (a3) &, = 10°X; (b1)—(b3) the echo receiving light intensity;

(c1)—(c3) the DOC of the echo light field.
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Fig. 10. Rough reflection surface, echo receiving light intensity and DOC of receiving light field corresponding to different Lz with
8y =1071X: (al) Ly =10\ =0.532m; (a2) Ly =5 x 10°XA =0.266 m; (a3) Ly =2 x 10°A = 0.1064 m; (ad) L, = 10°)\ =

0.0532m; (a5) Ly =5 x 10*)\ = 0.0266 m; (b1)—(b5) corresponding echo receiving light intensity; (c1)—(c5) corresponding DOC of
the echo light field.
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Fig. 11. The echo light field and corresponding DOC under different turbulence intensity conditions change with the spacing:
(a) The target reflection surface under the condition of &, = 1072\, Ly = 106X ; (b1)~(b6) received spot at 7, = 0.02, 0.04, 0.06,

0.08, 0.10, 0.12 m; (c¢) DOC of the echo light field under different rg .
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Abstract

According to the generalized Huygens-Fresnel principle, we derive the analytical formula for the complex
degree of coherence of the echo light field under the von Karman atmospheric turbulence spectrum condition.
Based on split-step beam propagation method of the turbulent phase screen and the target surface model, the
fold pass propagation simulation of the laser in the turbulent atmosphere is realized. The dynamic speckle
characteristics on the image plane are consistent with the experimental phenomenon. Firstly, the simulation
results of the complex degree of coherence and phase structure function of the mirrored reflection echo light
field are compared with the theoretical values, which verifies the correctness of the algorithm. Based on this, the
complex degree of coherence of the echo light field reflected by the optical rough surface is calculated and
analyzed. The results show that on a double-path turbulent flow path of 1.1 km, in other words, it transmits
2.2 km in unfolded mode, the spatial coherence of the echo light field is very sensitive to the root mean square
value of height. When the root-mean-square value of height is close to the wavelength, the coherence is seriously
degraded. When the correlation length of the target surface is much larger than the atmospheric coherence
length, the coherence length of the echo light field is relatively close to the set spatial coherence length. When
the correlation length of the target surface is close to the atmospheric coherence length, the influence of the
rough surface of the target on the beam coherence cannot be ignored. When the correlation length of the target
surface is much smaller than the atmospheric coherence length, the target surface characteristics have a
dominant influence on the echo coherence, the spatial coherence of the light field is seriously degraded, and the
echo is close to incoherent light. Considering the smooth target reflection surface, the greater the strength of
turbulence, the faster the complex coherence decreases with space. The atmospheric coherence diameter 7o can
be calculated further according to the complex degree of coherence. For the Pearson correlation coefficient the
simulation value and theoretical value are both 0.998, which indicates that the atmospheric coherence diameter
calculated by the complex degree of coherence has a high correlation with the theoretical value. This research
provides a theoretical basis for the coherent detection scheme of echoes from rough surfaces in the turbulent
atmosphere. The simulation algorithm extracts the target surface features by analyzing the variation of the
complex coherence of laser echo signals in the turbulent atmosphere with the spatial distance, and also provides
a method of using the known target surface to obtain path turbulence information.
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