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Methodology

Water Surface Estimation

We present an image-based approach to generate
truly random numbers from the surface of water bodies
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such as oceanic bays. As a natural phenomenon, 0,0,1,1,0,...
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behavior. We use the randomness of the angular relation > 1 .

between pairs of surface normals to generate uniformly 3 Million
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produces compelling geometric models of water surfaces Surface
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Results on Random Numbers Generation

NIST Statistical Test! MATLABIS! | RANDOM!®
0 0 992 987 998

Frequency

Frequency within a block 1,000 1,000 987 088 990 Here, the surface
Runs 0 58 989 989 987 was distorted by
Longest run of ones 0 0 992 990 991 foaming scum
Binary matrix rank 1,000 1,000 991 991 989
Discrete Fourier transform 1,000 1,000 987 086 983
Non-overlapping template  135/148 126/148 148/148 148/148 147/148
Overlapping template 0 0 986 988 981 Our approach reproduces
the hills and the valleys

Maurer 1,000 1,000 088 975 086 . . .

observed in the input image
Linear complexity 1,000 1,000 987 985 986 Reconstruction on a Sunny Day
Serial 1,000; 1,000 1,000; 1,000 984; 981 087; 987 994; 995
Cumulative sums 0; 0 0; 0 290; 932 283; 383 238, 338 Reconstruction on a Cloudy Day Reconstruction on a Wavy Day
Random excursions -/- 265/265 616/616 616/616 827/827
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The reflectance function:

R(x,y) = Rpem(1 — F3) + Rsky I
= Rptm T (Rsky — Rbtm)(l —n- 77)5

F,: Schlick's approximation for the Fresnel factor
Rptm, Rsiy: reflectance of water bottom and sky

U, : unit vector pointing to the viewer and unit surface normal at (x, y)

The height map at the tth iterationll:

Zt—l ,
Ztey) = 21 (x, v) d];( (x,¥))

t—1
dZ (x, y) (Zt1(x,y))
with Z%(x,y) = 0, and f defined with respect to R

Conclusion

The main contributions of this paper include:

(i) a shape from shading solution for water surface
reconstruction from single perspective projection images
that considers the Fresnel effect observed in nature; and
(ii)) an image-based truly random number generator that

uses the slope of wind-generated gravity waves as the
source of randomness.

Our approach reconstructs the geometry of the water
surface under natural illumination conditions. We
demonstrated the effectiveness of the proposed technique
by using it to reconstruct the surface of water bodies such as
oceanic bays, and by using the NIST Test Suite!2! to evaluate
the quality of the generated random numbers.
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