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Abstract  Scattering media such as smoke, fog, haze and turbid water, scatter the light rays pass
through them. This situation lead up to the degradation of image quality to a certain extent and it brings
difficulty in acquiring properties of scenes. So, imaging through scattering media to acquire properties of
scenes is of great value in scientific research and industrial applications. Many models and algorithms
have been proposed on this topic. These methods can be roughly divided into two categories: passive
methods and active methods. The passive methods rely on natural light and the models of light trans-
porting in natural environments. In order to acquire useful information of the scenes, solving the
related parameters is necessary. While these method are non-applicable to low light or dark
environments. Active methods, on the other hand, provide the flexibility in controlling the
illumination, which can be used to address the low light problem. Methods such as structured
light scanning, active polarized light source and time gating technique are proposed. However,

there are limitations of those methods such as, unavailability in dark environment, the need of
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scanning or complicated devices. Transient imaging technique proposed in computational photography

area provides new avenue to solve these problems, for it can be explained and can acquire many

scene properties which are unable to be obtained by traditional imaging techniques. In this paper,

we propose a new method for seeing through scattering media based on transient imaging technique.

A transient single scattering model and the offset acquiring method are proposed to reconstruct

the depth map and texture of scenes. Our method can reconstruct depth maps in millimeter and

clear texture maps.
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On one hand, computer vision researchers proposed new
imaging systems using active illuminations such as structured
light, active polarization, and combining with algorithms to
improve the visibility and contrast, and sometimes recovering

the depth and surface properties of the targets. On the other
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hand, computer graphics researchers had proposed methods
to understand light propagating in dense scattering media for
rendering applications. The so-called single scattering model
is used widely in computer vision and computer graphics to
handle this problem. However, most of these methods utilize
only the steady response of the light on the scene, which
assume that the speed of light is infinite and the integral of
light is measured. Scanning is needed or attenuation based
method (active polarization) could only get a rough 3D
structure.

Recently, the concept of transient image was introduced
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to describe the optical impulse response of a scene at an
extremely high temporal resolution before its distribution in
the scene achieves a global equilibrium, allowing new properties
of scenes to be observed and interpreted. Transient imaging
analysis light transports in the time domain using streak
camera or in the frequency domain using a converted Photonic
Mixer Device (PMD) sensor with a modulated illumination.
Lin et al. proposed an algorithm based on Fourier analysis
enable PMD to set up with transient imaging and reconstruct
depth map of opaque surfaces. Heide et al. demonstrated
that, this system could be used for imaging in scattering
media combining with sparse convolutional coding. However,
this method needs to learn a sparse coding dictionary.

In this paper, we propose the using of such time-of-

flight sensors for transient imaging in scattering media to
recover depth map and texture of target objects hidden behind.
We extended the single scattering model from a steady state
to a transient state. And an offset acquiring method is
proposed to reconstruct the depth map of target objects.
After the travel time of the reflection light is gotten, the
depth of the corresponding object surface point is obtained.
Through curve fitting, the texture of object can be achieved.
Eventually results are reconstructed.
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