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Fig. 1. Shape from water based on bispectral light absorption. (a) and (b) show the
scene at 905 nm and 950 nm, after normalizing the illumination and camera and filter
sensitivity functions. The intensity difference between (a) and (b) is due to the dif-
ference of water absorption at these two wavelengths which we exploit to recover the
depth. The color coded depth is shown in (c), and the recovered 3D shape is given
in (d). (e) shows the target object for this example: a textureless ceramic object with
strong specularity.

and develop a criterion to properly choose the two wavelengths so as to maxi-
mize the difference of the absorption coefficient and minimize the dependence on
material spectral reflectance. We also propose correction algorithms to handle
those factors arising from practical implementation limitations of our bispectral
principle, including the effects of tilting the light source and/or the camera with
respect to the water surface and the effects of nonideal spectral bandpass filters.

We build a co-axial bispectral imaging system using low-cost off-the-shelf
hardware as a prototype implementation for single exposure, real-time shape
from water. The system consists of two monochromatic cameras equipped with
near-infrared bandpass filters, aligned on the same optical axis with a half beam
splitter. We envision use of shape from water with a bispectral imaging system
immersed in water, but for practical reasons, all experiments are done with a
water tank and the co-axial system placed outside of it. Experimental results
validate the theory of our bispectral light absorption depth imaging principle,
and demonstrate its advantages over conventional approaches.

Our major contributions can be summarized as follows.

– We introduce light absorption as a means to depth sensing in computer vision.
– We derive the bispectral light absorption principle for depth recovery and
apply it to water leading to shape from water.

– We thoroughly analyze the theory and practical implications of shape from
water.

– We construct a low-cost co-axial bispectral imaging system and demonstrate
its use for dense shape recovery of complex and dynamic objects in water.

Taken together, for the first time, we introduce a new shape recovery method
based on light absorption in water and its working prototype that achieves shape
recovery of complex, dynamic objects.

2 Related Works

Most popular shape recovery methods can be categorized based on the underlying
shape or depth probing principles: triangulation, time of flight, and shape-from-X


