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Abstract. This study presents the novel multiview image generation simulator 
system based on the Depth Image-Based Rendering (DIBR) technique. This 
system suports both actual photographs and computer graphics scenes. It also 
provides the simple plug-in for pre-processing of depth map or post-processing 
of hole-filling algorithm. We intended to make this system as a platform to 
conduct various experiments such as the number of cameras, a depth map 
precision, etc. In this paper, we explain the design and the development of this 
simulator and give a brief comparative evaluation on linear and non-linear 
depth quantization method for computer graphics 3D scenes. The results 
showed that non-linear depth quantization method produced better performance 
on 7- to 3-bit depth levels. 
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1 Introduction 

Recently three dimensional contents, displays and systems became more common and 
popular after the success of the three dimensional movie “Avatar”. After that, several 
major display manufacturers released commercial stereoscopic 3D TV or projection 
display products to the mass market. A lot of 3D movies have also created or recon-
structed from 2D movies. These emerging 3D contents and display technologies at-
tract public attention due to high fidelity realism and immersion. However, stereos-
copic displays require users to wear stereoscopic glasses, which is inconvenient and 
cumbersome for the long-term uses. On the other hands, autostereoscopic display 
technologies, such as holography, volumetric display, integral imaging and multiview 
systems, are more comfortable as they do not require the use of special glasses. 

The multiview image generation simulation system allows for many people to 
view the 3D image at the same time. The most basic way of creating multiview  
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images is to setup an array of cameras at each point-of-view and to take the picture at 
the same time [1]. These images are then processed to place them geometrically on 
the multiview display so that viewers can see a 3D scene at many different view-
points. However, a number of multiview scenes captured by multiple cameras syn-
chronously add more overhead and complexity. Furthermore, each camera needs to be 
adjusted because the intrinsic and extrinsic parameters of the cameras are all different. 

For these reasons, depth image based rendering (DIBR) is introduced as a way to 
generate multiple intermediate view images that look like they have been captured at 
various points of view [1]. In DIBR, the 2D color image with depth map is used to-
gether to synthesize a number of device-independent “virtual” views with different 
view angles and screen sizes of a scene, called as intermediate views. DIBR involved 
these three steps: pre-processing of depth map, 3D warping and creating multiview 
intermediate images and post-processing hole-filling. In prior works, a lot of pre- and 
post-processing on color images or depth maps are investigated to enhance the quality 
of the final multiview intermediate images [2, 3]. 

In this research, we developed a novel multiview display simulator system using 
the DIBR (Depth Image-Based Rendering) technique This system supports generating 
multiview images of both computer graphics and real world scenes. It also supports 
options to plug in default or user-defined DIBR pre- or post-processing components. 
In DIBR, pre-processing often modifies the acquired depth map to increase the quality 
of the final intermediate images. Post-processing refers to the procedure for address-
ing the problem of occlusion areas by filling them with adjacent color information [4, 
5]. In this paper, this system is used to evaluate two pre-processing depth map quanti-
zation methods. 

In this paper, we will first describe the system overview of our DIBR-based multi-
view intermediate image generation simulator and then explain the design of linear 
and non-linear depth quantization method. We will then evaluate the quality of DIBR-
based multiview images generated by using two depth map quantization methods. We 
will end with our conclusions and discuss directions for further research. 

2 Multiview Image Generation Simulation System 

Fig. 1 shows the overall architecture of multiview intermediate image generation 
system using the DIBR technique. It is built with Qt GUI and OSG 3D graphics li-
brary. It provides an XML-based script that allows constructing a 3D scene dynami-
cally. When real photographs are used, both intrinsic and extrinsic parameters of the 
real color and depth cameras are used to generate images. Unlike previous works that 
only supported a fixed screen size, this simulator can be dynamically configured to 
suit various screen resolutions. This mechanism allows our system to be used from a 
mobile device to FULL HD TVs. In addition, this system can evaluate the effects of 
the quantization levels of a depth map image on the quality of the generated interme-
diate view images. 
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Fig. 1. The system architecture of multiview image generation simulation 

In a computer graphics camera module, the 3D scene in XML format is rendered 
on the screen and the color and depth information are obtained from the scene. The 
camera module has a component for setting up the color and depth information and 
the camera’s intrinsic/extrinsic parameters. In this simulator, pre- and post-processing 
algorithms can be applied by inserting a simple plug-in. As shown in Fig. 1, this sys-
tem simulates the entire series of DIBR steps, i.e. the input of a color/depth image, 
pre-processing of depth map, 3D warping to create a 3D point cloud image, and the 
use of the multiple virtual cameras to create multiview intermediate images. It then 
applies post-processing algorithms (i.e. hole-filling) to obtain the final multiview 
images. 

Multiview image are usually composed of N-Views (N = a natural number greater 
than 1). Our simulation allows developers to easily adjust the number of virtual cam-
eras that fits their needs. Furthermore, it is also possible to apply the camera’s intrin-
sic/extrinsic parameters to the virtual camera to simulate a scene that is very similar to 
one taken using the actual multiview cameras. Unlike other systems, our simulation 
system allows developers to freely adjust the resolution to fit the properties of the 
camera and multiview image display. In other words, it is possible to view the image 
on everything from a mobile device to a large display.  The camera’s resolution can 
also be adjusted for simulation. 

3 Linear and Non-linear Depth Quantization 

The accurate acquisition of depth image plays an important role in the DIBR process 
since it affects the quality of the restored 3D scene. If high quality depth image is 
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.  

  

Fig. 2. Actual depth image and conceptual drawing of (a) linear (b) non-linear 4-bit depth map 
quantization (16 depth levels) 

used, DIBR would gain high quality view images, but it also increases cost and com-
plexity. It is found that about six to seven bit depths (64 to 128 depth levels) would be 
adequate enough in DIBR [6]. Higher than 7-bit depth would still increase the quality 
but the difference is only marginal. Linear depth map quantization simply divides 
depth levels evenly. However, as shown in Fig.2 (a), linear depth quantization may 
lose detail structures of the 3D object in the scene due to low bit depths. For instance, 
the object in Fig.2 (a) is laid in six out of sixteen depth levels; ten divisions are not 
effectively used. 

This simulator also supports non-linear depth map quantization which enables to 
put more depth levels to the region of interest while sacrificing other areas. Fig.2 (b) 
shows the non-linear depth quantization that allocates fourteen levels out of sixteen to 
the “Depth Area 2,” which covers most portion of the object. When the depth image is 
used to restore the scene, non-linear depth quantization would certainly generate bet-
ter quality than evenly distributed linear depth map quantization. Fig.2 (a) and (b) 
compares the actual depth image and the conceptual drawing of depth map divided by 
both linear and non-linear method. Fig.2 (b) shows more depths densely assigned in 
horse, doorsteps, and ground regions of the depth levels. 
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Fig. 3. Original image (left) and DIBR-based intermediate image (right) 

Fig. 3 shows two 3D graphics scenes (Zebra and Zebra-object scene) of an original 
image directly captured by a virtual camera (left) and the DIBR-based multiview 
intermediate image (right) using 8-bit linear depth map quantization at view 7. An 
array of 9 cameras was placed in parallel at 3.25 unit intervals. The simulator ob-
tained the color image and depth map from the fifth camera (center-view) and con-
structed the rest eight view intermediate images. The depth range, Z near and far 
bounds of the frustum, was fixed to 1000. The 16-bit to 1-bit depth map were applied 
for each of the 20 scenes. The depth quantization method, i.e. linear versus non-linear, 
was the independent variable, and the same hole-filling algorithm was used in this 
experiment.  

Linear depth quantization took symmetric z value of depth buffer. On the other 
hand, non-linear depth quantization assigned more depth values (about 70 percent of 
depth precision) to the depth region where the Zebra object is located. Fig. 4 shows a 
comparison result of PSNR between the original images and the DIBR 9-view inter-
mediate images by 16 depth quantization levels for linear (left) and non-linear (right) 
depth map quantization methods. The results revealed that there was no significant 
difference between two depth quantization methods when using 8-bit or higher depth 
level. On the other hand, non-linear depth quantization produced better performance 
at 7- to 3-bit depth level. However, non-linear depth quantization at lower than 3-bit 
depth level had led to worse results.  
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Fig. 4. PSNR between the original 9-view images and DIBR 9-view intermediate images by 16 
quantization levels for two quantization methods 

4 Conclusions 

This paper presented a DIBR-based multiview intermediate image generation system. 
This system supports the generation of multiview intermediate images using either 
actual photographs or computer graphics scenes, making it that much more useful. 
Furthermore, it supports simple plug-in of pre-processing technique on depth image 
or post-processing (hole-filling) algorithm for the evaluation. Thus, researchers can 
use this system as a platform to compare and analyze different pre- and post-
processing algorithms. We gave an overview of this system design: pre-processing 
depth map, 3D warping, and post-processing module. 

Using this DIBR-based multiview image generation system, we evaluated the 
depth map quantization on two 3D computer graphics scenes, Zebra with background 
models and Zebra object only. Both linear and non-linear depth quantization methods 
were applied on these scenes. Then, the PSNR value between the 9-view original 
images directly captured from the scene and the DIBR-based 9-view intermediate 
images was measured to compare these two methods. The results showed that PSNR 
was between 30 and 36 dB, which were reasonable but not overly high. Overall, non-
linear depth quantization produced better performance at 7- to 3-bit depth level. 

It was determined that the PSNR value was easily affected by the hole-filling algo-
rithm, lighting, and the low resolution of the obtained depth image. In the future, we 
plan to use this system to conduct more diverse research and to combine analytical 
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methods, such as PSNR or SSIM. We will also look into using GPU (3D warping) 
programming techniques to make the DIBR process faster.  
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