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WATER SURFACE RECONSTRUCTION AND TRULY RANDOM NUMBERS GENERATION
FROM IMAGES OF WIND-GENERATED GRAVITY WAVES

NIST Statistical Test[2] GCC[3] VC[4] MATLAB[5] RANDOM[6] Proposed

Frequency 0 0 992 987 998

Frequency within a block 1,000 1,000 987 988 990

Runs 0 58 989 989 987

Longest run of ones 0 0 992 990 991

Binary matrix rank 1,000 1,000 991 991 989

Discrete Fourier transform 1,000 1,000 987 986 983

Non-overlapping template 135/148 126/148 148/148 148/148 147/148

Overlapping template 0 0 986 988 981

Maurer 1,000 1,000 988 975 986

Linear complexity 1,000 1,000 987 985 986

Serial 1,000; 1,000 1,000; 1,000 984; 981 987; 987 994; 995

Approximate entropy 0 0 989 992 989

Cumulative sums 0; 0 0; 0 990; 992 989; 989 998; 998

Random excursions -/- 265/265 616/616 616/616 827/827
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We present an image-based approach to generate
truly random numbers from the surface of water bodies 

such as oceanic bays. As a natural phenomenon,
wind-generated gravity waves have non-deterministic 

behavior. We use the randomness of the angular relation 
between pairs of surface normals to generate uniformly 

distributed random binary digits and then we build 
random numbers from those digits. Our approach 

produces compelling geometric models of water surfaces
and generates random numbers with high entropy.

Abstract

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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Results on Random Numbers Generation
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Water Surface Estimation

Results on Water Surface Reconstruction

The reflectance function:

𝐹𝜆: Schlick's approximation for the Fresnel factor

𝑅𝑏𝑡𝑚, 𝑅𝑠𝑘𝑦: reflectance of water bottom and sky

 𝑣, 𝑛: unit vector pointing to the viewer and unit surface normal at 𝑥, 𝑦

The height map at the 𝑡th iteration[1]:

𝑍𝑡 𝑥, 𝑦 = 𝑍𝑡−1 𝑥, 𝑦 −
𝑓(𝑍𝑡−1 𝑥, 𝑦 )

𝑑𝑓
𝑑𝑍 𝑥, 𝑦

(𝑍𝑡−1 𝑥, 𝑦 )

with 𝑍0 𝑥, 𝑦 = 0, and 𝑓 defined with respect to 𝑅

𝑅 𝑥, 𝑦 = 𝑅𝑏𝑡𝑚 1 − 𝐹𝜆 + 𝑅𝑠𝑘𝑦 𝐹𝜆

𝑅 𝑥, 𝑦 = 𝑅𝑏𝑡𝑚 + 𝑅𝑠𝑘𝑦 − 𝑅𝑏𝑡𝑚 1 − 𝑛 ∙  𝑣 5

Methodology
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