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Research on simulation of continuous phase screen generation of

underwater turbulence
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Abstract: Constructing the theory and simulation for multilayer phase screen of underwater turbulence
were the main problems of the research for underwater turbulence. Considering the statistical property of
underwater turbulence, here 3D covariance matrix was used to model the statistical property and
continuity of underwater turbulence. Here overlapping allocation matrix was put forward and the
simulation of multilayer phase screen was optimized. Furthermore, the relation between computational
efficiency and the characterization of statistical property of underwater turbulence was analyzed. The
results show that overlapping allocation matrix can improve the computational efficiency for a layer of
phase screen. Also utilizing 3D covariance matrix could obtain the correlation of phase screens, which is
in conformity with theory for statistical property in a layer. However, utilizing 3D covariance matrix led
to deviation in small scale and large scale. This research expends original independent 2D phase screen

into the multilayer phase screen which has spatial correlation. And that is why this model is more
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correspond to the reality of underwater turbulence.

Key words: oceanic optics; underwater turbulence;
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Fig.1 Sketch map of phase screen generation
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Fig.2 Sketch map of phase screen prediction method by utilizing

framework matrix
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Fig.3 Sketch map of grid effect
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Tab.1 Comparison of the time spent in the

generation of 17x17 phase screen
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Fig.5 Simulation results of 3x3 algorithm and 5x5 algorithm

7 P B HLARCR AN FAF 2 B T 5T AR 45 4 bR
B2k 5 B I 2k AT S FEE, A 07 FLUE Y 2
3x3 B FCAE PRk AT T 2 IR ML RS

XF TR, A&l 6 Fzs , AR <R BEHLSF 14 AH
FAELEIRIEE 20 cm LAY IFHA S0P AR ZEME, I
LG Ak 7 AT ) E AR 2 5 3 SRR AR 67 S5 1
HRCR) 2 AR 08 1) BRLJZ AR A D A SRR R

1.0
0.9r
0.8
0.7
0.6f
0.5f
0.4r
0.3r

elation coefficient

-40 -30 -20 -10 0 10 20 30 40
Distance between two phase screens/cm

P 6 PIASFRAL 57 A9 AR 5 2R 5045 1 AY ¢ &
Fig.6 Relationship of the distance and the correlation

coefficient of two phase screens
XF AL BE N B AR SRR, A8 7 B i
VAT 5 34548 bR R KL C B 10 165 KEAT 13 1 3 3
1 O B B R A i sh gt s iU, SE R

0712001-5



9Nk TAE

% 74

www.irla.cn

% 46 %

4 FH R BEA T 22 TR AL A B 3 5 A 254 pR B3O8 18
TOLHEATRT

3.0x10° + Simulation result
2 5%10” —— Theory value *
5% I
- +
- *
2.0x107°F .
~~ -
X 1.5x107 *:'.:z’
+ *
1.0x107°F /"”?‘ﬂ:ﬂ/
_— +
Bt +
0.5x107 y ¢
L .
GO 5 10 15 20 25 30 35 40 45 50
r/mm

P 7 5 FCARAT B 4T 5 2 285 Ky bR K 2 45 B i Zoxe L
Fig.7 Comparison of the refractive structure function derived from

simulation as compared to the theoretical one
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