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Abstract

Recently, fusion camera systems that consist of depth sensors and color cameras have been widely developed with the
advent of a new type of sensor, time-of-flight (TOF) depth sensor. The physical limitation of depth sensors usually
generates low resolution images compared to corresponding color images. Therefore, the pre-processing module, such as
camera calibration, three dimensional warping, and hole filling, is necessary to generate the high resolution depth map that
is placed in the image plane of the color image. However, the result of the pre—processing step is usually inaccurate due
to errors from the camera calibration and the depth measurement. Therefore, in this paper, we present a depth map
upsampling method robust these errors. First, the confidence of the measured depth value is estimated by the interrelation
between the color image and the pre-upsampled depth map. Then, the detailed depth map can be generated by the
modified kernel regression method which exclude depth values having low confidence. Our proposed algorithm guarantees
the high quality result in the presence of the camera calibration errors. Experimental comparison with other data fusion
techniques shows the superiority of our proposed method.

Keywords : Depth Map Upsampling, Hybrid Camera System, Joint Bilateral Filter, Time-of-Flight Camera
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Block diagram of the proposed system.
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Fig. 2. Pre-depth map by the pre—processing. (a) original image (b) pre-depth map (c) overlay image
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Fig. 3. The region for estimating the confidence value and the estimation result. (@) ROl (b) the region for estimating the
confidence value (c) the region that has the low confidence value (marked in white)
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(a) (b) (0 @ (e)

Middieburry EIAE A Etol| Cisth Zlo| JM S Z3) oA FE oz 2 Barnt, Flower pots, Bowlingl &
A (@) Zel 94 (b) MallAE Zo|H (o) JBUSl Z2l (d) NAFDUS| Zxf (e) Motst= wigiel Z 3}

Depth map upsampling results for Middleburry dataset, from top to bottom, Barn1, Flower pots, Bowlingl image.
(a) color images (b) low resolution depth maps (c) results of the JBU (d) results of the NAFDU (e) results of the
proposed method.

1. = ==20lM HMetste dn2(Fo 7| & Ld2|ES 0|82 e Z=2 RMSE, PSNR #t

Table 1. RMSE and PSNR between the ground truths and upsampled depth maps.

(by the proposed method and the previous methods)

RMSE PSNR
Test image proposed proposed
JBU NAFDU method JBU NAFDU method
Barnl 2.15 2.02 0.85 27.86 27.67 32.72
Flower pots 7.26 6.48 1.82 20.89 21.22 23.20
Bowlingl 471 3.86 1.57 26.31 27.34 30.17
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