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Research of Surface Scattering Characteristics of Metal Structures in
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Abstract The surface scattering of structural components in satellite optical communication systems will directly affect
the transmission efficiency of signals. Therefore, based on the self-built bidirectional reflection distribution function
(BRDF) measurement system, the surface properties of titanium alloy and aluminum alloy structural parts are measured in
this paper. The influence of the structure surface roughness and incident angle on the BRDF distribution at the 1550 nm
laser communication wavelength is analyzed. The BRDF model of the surface of the structural part is established, and the
optimal model parameters are obtained by the simulated annealing algorithm. The experimental results show that the
relative root mean square error between the modeling results and the measured results is better than 7.26%. The ABg
model parameters fitted according to the measured data provides the necessary data parameters for the stray light tracing
calculation and system design in practical engineering applications.
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(a) Schematic diagram of the system composition;

(b) field diagram of the measurement system
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Table 1 Sources of system uncertainty

Source Uncertainty
Laser light source (U,) 0.02
Rotary scanning stage (U,) 0. 00083% 4+ 0. 00083
Optical power detector (U,) 0.04
Human operation uncertainty (U, ) 0.01

Experimental environment uncertainty
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Fig. 4 Sample of the metal structure. (a) Physical map of titanium alloy; (b) physical map of aluminum alloy; (¢) measurement results

of micro-morphology of titanium alloy; (d) measurement results of micro-morphology of aluminum alloy
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Table 2 BRDF modeling parameters of metal structure surface

BRDF modeling parameter

Material Roughness /pm p : . i o /%
Tialloy 1 0.132 2.4536 0.1843 0.1782 0. 6827 6. 04
Ti alloy 2 0. 155 2.3252 0.0972 0.0917 0.7923 4.83
Tialloy 3 0.173 2.9821 0.0277 0.1548 0.7417 5.82
Al alloy 1 0. 346 2.2343 0.0712 0.2192 0.6123 7.04
Al alloy 2 0.393 2.1236 0.1723 0.1944 0.4296 5.85
Al alloy 3 0.436 2.7191 0.1097 0.2413 0.5530 7.26
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Fig. 7 Simulation and measured data of the BRDF model of the structure. (a) Ti alloy; (b) Al alloy

1g0.1

1g10°

BRDF /sr!

1gl0®

glo g0 18107 1g0.1 TeLo
B8,
Bl 8 g ka2 1l ABg A5 AU il £k

Fig. 8 Fitting curves of ABg scattering model of structure
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Table 3 Fitting results of structural parameters

Material characteristics

Scattering model parameters

Material ~ Roughness /pm A B g

Tialloy 1 0.132 0.000441 0.5541 . 6258
Tialloy 2 0.155 0.000535 0.5471 . 6054
Tialloy 3 0.173 0.000513  0.2856 . 9607
Al alloy 1 0. 346 0.003414 0.7726 . 3728
Al alloy 2 0.393 0.004886 1.0370 . 2886
Al alloy 3 0.436 0.007989  0.7233 . 2460
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