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Fig. 1. (color online) The background light of under-

water imaging under natural illumination.
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Fig. 2. (color online) The background light under ar-

tificial lighting.
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Fig. 3. (color online) An underwater bluish image
and the estimation of the global background light:
(a) original image, which is extracted from a video
of N. Hope [28], the patch marked as red is where we
get the global background light; (b) blow up of the
estimated global background light.
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Fig. 4. (color online) The normalized background light
under artificial lighting varies with the camera-scene

distance z.
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Fig. 5. (color online) The calculation results of the

background light under artificial lighting using equa-
tions (25) and (26).
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Fig. 7. The normalized global background light under

artificial lighting varies with the camera-source dis-
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Abstract

The underwater visibility is very important in underwater vision research and target detection. However, most
underwater vision systems cannot guarantee to possess the performance under complex water conditions. This is because
underwater images are usually degraded by light-water interactions of absorption and scattering. The ambient light
is scattered into the camera’s line of sight by water molecules and suspended particles in the water medium, which
adds a layer of haze to the image and reduces the contrast of the image. This part of scattered light is usually called
background light, which is the main reason for underwater image degradation. In this paper, the formations of background
light in underwater imaging under two different lighting conditions: natural illumination and artificial lighting, are
analyzed by setting up physical models. The models developed include the parameters such as camera parameters,
light source parameters, inherent optical properties, and camera-source-object geometry. Based on the models, the
relationship between the background light and the above parameters is studied. Computer analysis shows that the global
background light under two illumination conditions has a close relationship between the inherent optical properties of
water medium and camera parameters. The global background light under natural illumination is proportional to the
scattering coefficient and inversely proportional to the attenuation coefficient. The background light under the two
illumination conditions both can be described in simple exponential falloff expressions of the global background light.
The simple expression greatly reduces the computational complexity of simulations. The intensity of background light
mainly depends on the inherent optical properties, camera-scene distance, camera-source distance and camera’s imaging
angle. The relationship between the global background light and the inherent optical properties can be used to estimate
the attenuation coefficient, scattering coefficient and scene depth information. The result of this paper can be very useful

for designing and improving the underwater imaging systems.
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