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ABSTRACT 

 
This paper presents an adaptive parallax control method 
based on 3D scene change detection for stereoscopic video 
sequences. For each pair of left and right frames, the 
maximum disparity corresponding to the closest object is 
estimated by using a simple block matching algorithm. The 
3D scene change is detected if there exists an abrupt change 
in the values of either the maximum disparity or color 
histogram between successive pair of frames. Then, if the 
maximum disparity is excessive at a pair of frames where the 
scene change has occurred, the horizontal parallax is 
controlled by reducing the excessive maximum disparity that 
could induce the visual discomfort. The experimental results 
demonstrate the feasibility of the proposed approach. 
 

Index Terms— Parallax control, 3D scene change, 
disparity, stereoscopic video 
 

1. INTRODUCTION 
 
Following a growth of the 3D industry such as stereoscopic 
3D TV and cameras, the research and development of 3D 
video technologies has recently gained much interest. Also, 
a number of researches have been conducted for the safe and 
comfortable viewing of 3D videos. Visual discomfort during 
watching 3D videos is mainly induced by the conflict 
between accommodation and convergence [1]. In general, if 
the disparity within a given stereoscopic videos is excessive, 
the distance between the accommodation point and 
convergence point becomes larger, resulting in the visual 
discomfort. The issue of visual discomfort induced by 
excessive disparity has been studied in previous publications 
[2], [3].  

The excessive disparity in a stereoscopic video might be 
reduced by performing the 3D reconstruction based on the 
accurate disparity field estimation, and synthesizing the 
depth adjusted stereoscopic video by moving the objects in 
the 3D space. However, computing a disparity field from 

stereoscopic images is still a challenging problem due to its 
inherent inaccuracy even though a heavy computation is 
used [4]. A simple method for reducing the excessive 
disparity in a stereoscopic video is to increase or decrease 
the whole horizontal disparities of stereoscopic frames by 
the same amount. However, it might reduce the 3D viewing 
experience. Therefore, it is desirable to control the parallax 
of stereoscopic videos to adaptively reduce the excessive 
disparity by analyzing the video scene content.  

Scene change detection is the process to divide a video 
into scenes based on the content of the video. The scene 
change detection is usually a preprocessing step for video 
browsing or summary. A number of researches have been 
made for the scene change detection for monocular videos. 
Low level features such as color, texture, shape and edges 
are typically used for scene change detection [5], [6], [7]. 
However, these conventional scene change detection 
methods do not take account of the disparity of stereoscopic 
videos which could be also useful for a variety of purposes.  

In this paper, we propose an adaptive parallax control 
method based on 3D scene change detection. Our goal is to 
control the parallax of the stereoscopic video to reduce the 
visual discomfort while preserving the content creator’s 
intention on 3D effects. For each pair of left and right frames, 
the maximum disparity corresponding to the closest object is 
estimated by using a simple block matching algorithm. The 
3D scene change is detected if there exists an abrupt change 
in the value of either the maximum disparity or color 
histogram between successive pair of frames. Then, if the 
maximum disparity is excessive at a pair of frames where the 
scene change has occurred, the horizontal parallax is 
controlled by reducing the excessive maximum disparity that 
could induce the visual discomfort. The paper is organized 
as follows. In Section 2, we present the whole procedure of 
the proposed method. Section 3 shows the experimental 
results. Section 4 concludes the paper. 
 

2. PROPOSED METHOD 
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In this section, we describe the procedure of the adaptive 
parallax control method based on 3D scene change detection 
for stereoscopic videos. 
 
2.1. Disparity estimation 
 
The disparity for the pair of the left and right points is 
defined as xL – xR, where xL and xR denote the positions in x-
coordinate for the left and right points on the screen, 
respectively, assuming that input stereoscopic videos are 
rectified. In Figure 1, the 3D point (red circle) which is 
closer than the screen results in the positive disparities, and 
the 3D point (blue triangle) which is farther than the screen 
results in the negative disparities. 

Conventionally, the 3D reconstruction is usually 
performed based on the accurate disparity field estimation to 
calculate the 3D depth of stereoscopic images. However, the 
3D reconstruction might be impractical due to its inherent 
inaccuracy and heavy calculation complexity. In the 
proposed method, the current frame in the stereoscopic 
video is divided into several image blocks and the block 
disparity for each image block is calculated by using the 
simple horizontal block matching method. Then, we can 
estimate the maximum disparity corresponding to the closest 
object in the frame. 

For given current frame in the stereoscopic video, we 
divide the left and right frames into M × N blocks where the 
size of each block is I × J as Figure 2. Then, the block 
disparity d(m, n) for the (m, n) block pair is calculated as 
follows: 
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where fmn(i, j) and gmn(i, j) denote the pixel values at (i, j) on 
the (m, n)-th left and right blocks, respectively, L denotes the 
search range, and J I l  is a normalization factor. 

 
Figure 3 presents the test sequence “Lovebird1” with 

1024 × 768. In our experiments, M and N are set to 3 and L 
is set to 100 pixels. Then, the values of I and J are 
determined by the width and height of the frame size divided 
by M and N, respectively. In this case, I is 341 pixels and J 
is 256 pixels. The block disparity d(m, n) represents the 
dominant disparity for each block pair. As the main objects 
in a block are close to the viewer, the block disparity 
becomes larger, and vice versa. In Figure 3, the numbers 
indicate the resulting dominant disparities for the image 
blocks. By selecting the maximum d(m, n), we can find the 
maximum disparity u(t) of the t-th frame corresponding to 
the closest object as follows: 
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2.2. 3D scene change detection 
 
The conventional scene change detection methods for 
monocular video sequence utilize the correlation of color 
histogram, texture or audio between successive frames. In 
this work, we detect the 3D scene change by using a color 
histogram and the maximum disparity u(t). We first obtain 
the scene change H(t) based on u(t):  
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The threshold UTh is experimentally set to 20 pixels. If UTh is 
too small, it could result in the frequent detection of the 
scene changes in the stereoscopic video.  
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Figure 1. Positive and negative disparity. 
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Figure 3. Image blocks of “Lovebird1” sequence. The numbers 

indicate the dominant disparities for the image blocks. 
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Figure 2. Image blocks to estimate their block disparities d(m, n). 
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Figure 4 shows an example of the maximum disparity 

variation calculated by (3) for a stereoscopic video used in 
the experiment. The variation of the maximum disparity can 
be classified into the abrupt change and gradual change. 
Each change can be also divided into two types: maximum 
disparity increase (+, becoming closer to viewer) and 
maximum disparity decrease (-, becoming farther away from 
viewer). The hatched and solid arrows indicate the abrupt 
scene change + and -, respectively. For the frames in the 
gradual change areas, the maximum disparity is gradually 
changed (or stay at the constant level), and each frame 
probably belong to a scene if the monocular scene cut does 
not occur. It is observed that the gradual changes in the 
maximum disparity results in the less visual discomfort 
compared to the case of the abrupt changes. 
 
2.3. Adaptive parallax control 
 
Let G(t) denote the result of the scene change based on the 
normalized color histogram difference at t-th frame. And,  
Dpara(t) represents the amount of horizontal shift for the 
parallax control at t-th frame. The steps of the proposed 
adaptive parallax control method is given as follows: 

 
Dpara(t = 0)  =  0, 
For the t-th pair of left and right frames (t ={1, 2, 3, …}), 

Step 1. (Scene change detection) If G(t) = ‘scene change’ 
or H(t) = ‘abrupt scene change + or –’, go to step 2. 
Else, go to step 3.  

Step 2. (Update the disparity shift for the parallax control) 
Calculate Dpara(t) according to u(t) as follows: 

- If u(t) > VTh,  Dpara(t)  =  VTh + (u(t) - VTh) / 2, 
- Otherwise,     Dpara(t)  =  0. 

Go to step 4.  
 

Step 3.  Dpara(t) =  Dpara(t-1). 

Step 4. (Parallax control) Shift the left and right frames by 
Dpara(t) and  -Dpara(t), respectively.  

 
In Step 2, VTh denotes the threshold value for the 

maximum disparity to determine whether the parallax 
control is needed or not. This implies that if u(t) is small at 
the scene change, no parallax control is needed since the 
maximum disparity is not excessive. In our experiments, VTh 
is set to 25 pixels. If the parallax control is applied with 
Dpara(t) and -Dpara(t) for the left and right images, 
respectively, the excessive disparity is reduced and the 
visual discomfort can be reduced. Note that the maximum 
value for Dpara is set to 50 pixels. 

The calculated disparity shift Dpara(t) is used for the 
parallax control of the current and upcoming frames until 
new scene change is detected, so that the equivalent parallax 
control is applied to the frames within the same scene. 

Figure 5 show the comparison of the maximum disparity 
variation after applying the constant parallax control as well 
as the proposed parallax control to the sequence in Figure 4. 
In this experiments, the disparity shift for the constant 
parallax control is set to 30, resulting the minimum and 
maximum disparities of -70 and 70 pixels, respectively. For 
the scene changes detected at the 456-th and 863-th frames, 
the excessive maximum disparity for the scene is adaptively 
reduced by the proposed method, resulting in more 
comfortable 3D viewing. For the scene changes at the 719-th, 
1103-th, and 1463-th frames, the parallax control is only 
slightly applied since the maximum disparity is not too large. 
For the other scene changes, no parallax control is applied 
since the maximum disparities at the scene changes are not 
excessive. Note that the constant parallax shift results in the 
severe negative disparities from the start to the 456-th frame. 

It is observed that the use of the conventional features 
such as color histogram and disparity is needed. For 
example, see the 216-th, 719-th, and 1463-th frames in 
Figure 5. 
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Figure 5. The maximum disparity variation after adapting the 
proposed method 
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Figure 4. An example plot of the maximum disparity variation. 
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3. EXPERIMENTAL RESULTS 
 
To simulate the proposed method, we implemented our 
framework on a PC with an Intel Core i7 2.8GHz CPU and 
4GB RAM. Several test sequences depicted in Figure 6 are 
downloaded from web site (Nagoya University, ETRI, GIST, 
the Korea Broadcasting System) and captured by Fujifilm 
FinePix W3 stereoscopic cameras. Since the stereoscopic 
camera is a toed-in model, it has a convergence point at 
about 2m from the cameras. Therefore, the disparities 
corresponding to the objects closer than 2m become positive 
value and vice versa.  

Figure 7 shows an example case from coffeeshop 
sequence that the scene change is detected by the proposed 
3D scene change detection method, whereas the 
conventional scene change detection method based on the 
normalized color histogram difference cannot detect due to 
the consistent color pattern as shown in Figure 7 (a). 

For the subjective evaluation of the adaptive parallax 
control, depth adjustment effect, we adopt DSCQS (Double 
Stimulus Continuous Quality Scale). The four sequences  
which include frames with excessive parallax are displayed 
on a 3D display with polarized glasses and evaluated by ten 
people with an average age of 29.8. The length of each 
sequence is about 1~2 minutes. The quality of the proposed 
method was subjectively judged on a scale of 1 to 5. The 
proposed method gives the average scores of close to 4 with 
respect to the depth perception and visual comfort as shown 

in Figure 8, compared to those for the original sequence and 
the constant parallax shifted one. The score of the constant 
parallax shift method is relatively low since it could have the 
severe negative parallax that may result in the visual 
discomfort. Also, since objects which have excessive 
parallax are difficult to be perceived in 3D, the reduced 
parallax could help the better scores for the depth perception 
evaluation, too. Generally, 3D videos produced by the 
professional contents providers have comfortable depth 
perception, whereas the personal 3D videos are more likely 
to have irregular excessive disparities. Therefore, the 
proposed method might be more suitable for the personal 3D 
videos. 
 

4. CONCLUSION 
 
We have proposed an adaptive parallax control method 
based on 3D scene change detection for stereoscopic video 
sequences. According to the scene change detection results, 
the horizontal parallax is controlled for each scene by 
reducing the excessive maximum disparity. The 
experimental results show the feasibility of the proposed 
approach.  
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Original Sequence 3.38 3.10

Constant parallax shift 3.19 2.81

Proposed method 3.99 4.04  
Figure 8. Result of the subjective evaluation. 
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Figure 7. (a) Frames of the coffeeshop sequence around 312-nd 

frame. (b) The maximum disparity variation. (c) Normalized 
color histogram difference. 

Figure 6. Test sequences for experiments. 
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