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A spatial-temporal method to refine a depth image
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Figure 1: (a) The input data from Kinect sensor. (b) The spatial filtering based on the pyramidal joint bilateral filter. (c) The temporal depth
refinement based on the signed distance functions. (d) The optimal surface and the refined depth image.
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1 Introduction

In this poster, a spatial-temporal depth image refinement is pro-
posed. First, we perform a spatial denoising by applying Joint Bi-
lateral Filter(JBF) to an image pyramid iteratively. Second, we em-
ploy a signed distance function(SDF) [Curless 1996] to obtain an
optimal depth image from the depth video in which the temporal
noise occurs between video frames.

2 The proposed method

An image which contains objects of many sizes contains also the
noises of many sizes. We perform a multi-scale image filtering to
reduce the noises by constructing an image pyramid(Figure(b)). We
apply JBF to the depth image pyramid iteratively from the smallest
depth image with scaling up to the original size. In our joint bilat-
eral filtering, the corresponding color image is used as additional
information at each level. Our spatial filter can induce a pyrami-
dal filtering classifying local noises and spread noises. Also, it
improves the ambiguous depths of boundary regions of adjacent
objects in the depth image by imposing a constraint based on the
corresponding color information during the JBF filtering.

The pyramidal JBF is applied over k-frames. Now, we perform a
temporal refinement to obtain an optimal depth image using the k
filtered images. Even though the depth image is spatially filtered
at each frame, the depth pixels suffer from flickered which occurs
between frames. To resolve this, we employ a signed distance func-
tion which represents the signed distance of each point x to the
nearest range surface along the line of sight to the depth camera.
The refined k frames are converted the signed distance functions
f1(x), ..., fk(x) and they are integrated in a discrete voxel grid.
First, a depth value is assigned to each voxel according to distance
from the depth camera. Then, the pixels of depth image are pro-
jected to the voxel grid along their projection lines (see Figure 2).
Next, the differences are computed between the depth of each voxel
and the one projected from each depth pixel. The difference val-
ues mean the signed distance values for the depth image. Then, a
SDF is defined by extracting the voxels having the minimum signed
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Figure 2: The figure depicts how SDFs and their range surfaces
are computed.

distance value along the projection lines. Accordingly, k depth im-
ages converted as k SDFs and the SDFs construct k range surfaces
(Figure 1(c), the black curves in the voxel grid of Figure 2) in the
voxel grid. The range surfaces may be still interoperated since they
are based on the flickered depth values. We finally compute a cu-
mulative SDF F (x) from all the SDFs, which extract an optimal
range surface. The optimal surface can be obtained by satisfying
’F (x) = f1(x)+ ..+fk(x) = 0’ in the least squares sense. Figure
1(d) shows the optimal depth image and the corresponding optimal
range surface. It takes about 30 seconds to process a 640x480 depth
image.

Conclusion In this poster, a depth image is spatially and temporally
refined by applying a pyramidal JBF and the integration of SDFs.
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