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Abstract A high-energy laser system with self-sustaining adaptive optics is designed, which uses active illumination
detection method of high-energy laser to detect target. However, the echo field received is affected by speckles, and
a physical model of the detection system is established to analyze speckle effect. The average scale of speckle is
discussed based on the autocorrelation function of speckle intensity. The complex coherence function of speckles on
the receiving plane is defined via the partial coherence theory, and the width of complex coherence function in the
integral field with different scales of speckle patterns is discussed as well. The imaging magnification of target and
the ideal resolution are derived, and the relationship between the image scale and the light spot scale on the focal
plane is discussed. The effect of the spot array on the focal plane with different scales of speckles is analyzed by
numerical simulation. By superimposing atmospheric turbulence, the effect of speckle field on the atmospheric
turbulence detection is confirmed. The results show that the speckle scale between subaperture and large
aperture is the best design, when the system has both high displacement measurement precision and high overall
detection rate.
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Fig. 1 Schematic of high-energy laser adaptive optics system
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Fig. 2 Diagram of the wavefront sensor and the equivalent structure. (a) Wavefront sensor receives detecting laser beam;

(b) equivalent structure of lenslet array
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Table 1 System parameters of numerical simulation

Parameter Value
Operation wavelength A /nm 1064
Distance Z /km 200
Receiving aperture diameter D /mm 600
WEFS aperture d wrs X d wps /mm X mm 4.4 X 4.4
Lenslet diameter d /mm 0.15
Lenslet focal length f /mm 3.7
Ratio of beam reducing M 136.36
Equivalent lenslet diameter d ., /mm 20.45
Equivalent lenslet focal length f .. /mm 504.5

2 BB

Table 2 Classification of speckle simulation

Contrast No. Classification L. /m S, /mm
1 S.>D 0.1 2128
2 S.&~D 0.5 425.6
D =600 mm
3 duw<S,<D 5 42.56
d o =20.45 mm
4 S.~d 10 21.28
5 S, <d 200 1.064
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Fig. 3 (al)-(el) Speckle amplitude distribution on receiving plane and (a2)-(e2) speckle amplitude distribution in the
equivalent central subaperture (the circle is the equivalent central subaperture) with different scales of speckle patterns.
(al)(a2)S, (2128 mm)>D; (b1)(b2)S, (425.6 mm)=~D; (c1)(c2) d.u<<S,(42.56 mm)<D;

(dD) (d2) S, (21.28 mm)=~d..; (el)(e2) S, (1.064 mm)<d.,

i 64.8 pm ﬂ 64.8 pm ﬂ 64.8 um

plane L,=0.1m L,=0.5m

JL 70.4 pm l 87.2 um —J an um
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(D) dequ<<S, (42,56 mm)<<Dj; (e) S,(21.28 mm)==d ;5 () S,(5.32 mm)<<d..; (g) S,(1.064 mm)<d .,
Fig. 4 Spot patterns on the focal plane for planar wave and speckles with different scales. (a) Planar wave;
(b) S,(2128 mm)>D; (¢) S,(425.6 mm)=~D; (d) d.,<S,(42.56 mm)<<D;
(e) S,(21.28 mm)=d .p; () S,(5.32 mm)<<d..; (g) S.(1.064 mm)<d .,
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Table 3 Comparison between the diameter of central bright Airy spot and the scale of target image

Contrast Classification L,/m L] /pm Comparison with d;
S.>D 0.1 0.252 L/ <d,
D =600 mm S.~D 0.5 1.261 L/<d,
d ou =20.45 mm d o <<S.<D 5 12.61 L/<d,
d;=64.05 pm S.~d 10 25.23 L <d,
M, =3.964 X 10° S, <d 10 100.9 L!>d,
S, <d e 200 504.5 L/>d,
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Fig. 5 Spot array patterns on the focal plane for planar wave and speckles with different scales. (a) Planar wave;
(b)(¢) S, (2128 mm)>D; (d) S, (425.6 mm)=D; (e) du<S,(42.56 mm)<<D;

(D) S, (21.28 mm)=~d.,; (g) S, (1.064 mm)<d .,
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Fig. 6 Spot array patterns on the focal plane when planar wave or speckles with different scales superimpose quadratic
phase turbulence. (a) Planar wave; (b) S,(2128 mm)>D; (¢)S, (425.6 mm)=~D; (d) d..<S,(42.56 mm)<<D;
() S,(21.28 mm)~du; (D S, (1.064 mm)<d.
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