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ABSTRACT 
 
In this paper, we propose a high-quality multi-view depth 
generation method using multiple color and depth cameras. 
After we capture low-resolution depth maps by three TOF 
cameras, the depth information is warped into color image 
positions and used as the initial disparity value. By applying 
the stereo matching using belief propagation with the initial 
disparity information, we have obtained more accurate and 
stable multi-view disparity maps, compared to those results 
without the initial disparity information. 
 

Keywords— Multi-view depth generation, multiple 
cameras, TOF camera, 3DTV 
 

1. INTRODUCTION 
 

Since the first TV broadcasting started, various 
technologies related to the broadcasting system such as 
video capturing and processing, encoding and decoding, 
communications, and display device manufacturing have 
been steadily investigated. Recently, three-dimensional TV 
(3DTV) and free viewpoint TV (FTV) have been 
investigated as the next generation broadcasting systems 
that can satisfy the demand for more realistic multimedia 
services. In order to generate 3D video contents, image 
sequences from multiple viewpoints and depth information 
are generally required. Using the depth information, we can 
synthesize the intermediate view images of the scene. It 
enables us to feel a natural 3D view through the images of 
the scene from multiple viewpoints [1, 2]. 
It is important to generate the scene's accurate depth 
information because the intermediate view synthesis is 
dependent on the depth. There are numerous methods to 
acquire depth information of the scene. Generally, there are 
two types; one is based on passive range sensors and the 
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other is based on active range sensors. In the passive range 
sensor type, stereo matching is the most popular method [3]. 
It is efficient because it only requires a stereo or multi-view 
image. However, some difficulties such as textureless or 
occluded regions have been remained. 

   The most popular one in the active range sensor type is 
the time-of-flight (TOF) depth camera that obtains the depth 
information of the scene in real time. The principle of depth 
acquisition of TOF is based on measuring the arriving time 
of emitted infrared signal from the sensor. However, TOF 
has several problems to overcome such as low spatial 
resolution and noisy acquisition depending on the capturing 
environment. 

There were proposals of systems that combine a TOF 
depth camera and video cameras [5-9]. In these approaches, 
they can take the advantages and discard the disadvantages 
of passive and active methods. The depth information from 
the passive method can be enhanced by using the depth 
obtained from the active method. 

In this paper, we introduce the multi-view depth 
generation method based on five video cameras and three 
TOF depth cameras. We explain the camera system we used 
to capture the scene's color and depth images. Then, we 
describe the proposed method. The depth images are warped 
into the corresponding video camera positions after the 
preprocessing steps, and then used as the initial disparity for 
stereo matching. After showing the experimental results, we 
conclude this paper. 
 

2. CAMERA CONFIGURATION  
 

In the proposed method, we integrate five video cameras 
and five TOF depth cameras [10, 11]. There are two rows to 
amount the cameras. The fundamental setup is that the first 
row has five video cameras and the second row has three 
depth cameras at the center. They are all arranged in one-
dimensional (1D) parallel setup. Figure 1 shows our multi-
depth camera system. 

This camera system captures the color images from five 
viewpoints and low-resolution depth images from three 
viewpoints. Figure 2(a) shows the multi-view color image. 
Figure 2(b) is the output images of three depth cameras, 
which are the depth images and intensity images, 
respectively. 
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Fig. 1. Multiple color and depth cameras 

 

 
View 1          View 2          View 3          View 4         View 5 

(a) Color images (640x480) 
 

 
View 2          View 3        View 4 

(b) Depth and intensity images (176x144) 
Fig. 2. Captured images 

 
We used three depth cameras because the inherent 

problem of the depth camera we used. In order to operate 
multiple depth cameras simultaneously, we have to use the 
different modulation frequencies for the emitted infrared 
signals. Since the depth camera provides three different 
modulation frequencies, the number of depth cameras is 
limited to three. 

 
3. PROPOSED METHOD 

 
In this section, we explain each step of the proposed 

method. Figure 3 shows the whole procedure to generate 
multi-view depth information. 
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Fig. 3. Procedure of the proposed method 

 
3.1. Preprocessing for Depth Images 

 
3.1.1. Lens Distortion Correction 
 

The depth images from the depth camera have the lens 
radial distortion as shown in Fig. 2(b). For efficiency, this 
lens distortion has to be corrected. Therefore, we corrected 
the lens distortion and the result is shown in Fig. 4 [12]. 
Camera calibration is then performed using the radial 
distortion corrected images. 
 

 
View 2           View 3            View 4 

Fig. 4. Result of lens distortion correction 
 
3.1.2. Depth Correction 
 

Generally, depth information of the scene has a non-linear 
characteristic as shown in Fig. 5(a). Figure 5(a) shows the 
relationship between the actual range and the disparity 
obtained from the color images. However, the relationship 
between the range and the depth index from the depth 
camera is almost linear as shown in Fig. 5(b). The data 
shown in Fig. 5 is obtained by capturing the images of the 
check-pattern at several predefined positions within the 
background and camera as shown in Fig. 6. There is a 
regular interval between two adjacent predefined positions. 
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(a) Disparity-range curve              (b) Depth index-range curve 

Fig. 5. Relationship between the actual range and its representation 
 

… … …

 
Fig. 6. Images for depth calibration 
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Due to the different representation of the actual range of 
the scene, it is required to correct the depth image. As 
shown in Fig. 6, we estimate a cubic curve between the 
disparity values and depth indexes. By using this curve, the 
depth index of each pixel of the depth image is corrected 
and has the non-linear range characteristic that is obtained 
from the color images. 
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Fig. 6. Depth value correction 

 
3.2. Preprocessing for Color Images 
 
3.2.1. Multi-view Image Rectification 
 
After camera calibration, we perform multi-view image 
rectification to the color images to minimize the geometric 
error [13]. This geometric error existed in the multi-view 
color image can not only deteriorate the depth quality but 
also interfere with the natural 3D view. Therefore, we 
minimize the geometric error by performing the multi-view 
image rectification and then obtain the rectified multi-view 
color image and rectified camera parameters. Figure 7 
shows the rectified result. 
 

 
Original                                      Rectified 

Fig. 7. Result of multi-view image rectification 
 
3.2.2. Multi-view Color Correction 
 

In order to decrease the color mismatch problem among 
multiple color views, we capture the images of Macbeth 
color chart and use them for multi-view color correction 
[14]. The color chart based method provides high accuracy 
than the other color correction methods. 
 
3.3. Multi-view Depth Generation 
 

After performing the preprocessing steps to the color and 
depth images, we generate the multi-view depth information 
of the scene. For high-quality depth generation, each pixel 

value of the preprocessed depth images from the depth 
cameras are used as the initial disparity for stereo matching. 
Therefore, the depth image at each view is warped to its 
corresponding position of the color view by 3D warping. 
Then, each pixel value of the warped depth images 
represents the disparity of that pixel as shown in Fig. 8. 
 

 
Fig. 8. Initial disparity for view 2, view 3, and view 4 

 
Then, we generate the three-view disparity map by using 

stereo matching with the initial disparity value. For the data 
cost calculation, we use two adjacent (left and right) 
reference views. The initial disparity value for each pixel is 
decided in three different ways. If there is a nonzero value 
for a pixel, it is directly used. Otherwise the initial disparity 
value is decided as the average of the neighboring pixel 
values [5]. 
 

4. EXPERIMENTAL RESULTS 
 

We used five color video cameras and three TOF depth 
cameras for testing as shown in Fig. 9. By using these 
cameras, we captured five-view color images and three-view 
depth images. The resolution of the color images is 640×480 
and the depth images have 176×144 pixels. 
 

 
Fig. 9. Camera configuration 

 
Figure 10(a) and Fig. 10(b) show the generated multi-

view disparity maps using the previous stereo matching 
method [4] and the proposed method, respectively. 
Especially for the homogeneous regions such as the 
bookstand, the previous method cannot obtain the accurate 
disparity values. Some background regions also have wrong 
disparity values. However, the results of the proposed 
method have the correct disparity values of the scene 
without those problems. 
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The other experimental results are shown in Figure 11. 
We also notice that the previous method fails to obtain the 
correct disparity information in some parts of the scene. 
However, the results of the proposed method shown in Fig. 
11(e), using the initial disparity shown in Fig. 11(d), have 
the accurate and stable depth information. 
 

 
(a) Result without the depth cameras: view 2, view 3, and view 4 

 

 
(b) Result by the proposed method: view 2, view 3, and view 4 

Fig. 10. Multi-view disparity map 
 

 
(a) Five-view color images 

 

 
(b) Three-view depth and intensity images 

 

 
(c) Result without the depth cameras: view 2, view 3, and view 4 

 

 
(d) Initial disparity: view 2, view 3, and view 4 

 

 
(e) Result by the proposed method: view 2, view 3, and view 4 

Fig. 11. Results from the other test images 
 

5. CONCLUSION 
 

In this paper, we proposed a high-quality multi-view 
depth generation method using multiple color and depth 
cameras. After capturing five color images and three depth 
images, we performed preprocessing for the color images 
and depth images, respectively. Then, each depth image is 
warped to its corresponding color image position and used 
as the initial disparity information for stereo matching. The 
proposed method provided the high-quality three-view 
disparity map that has the accurate and stable depth 
information even at the homogeneous or weak textured 
regions. 
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