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* Short Paper  

  

Abstract: This paper proposes a detection algorithm for view reversal in a stereoscopic video using 
a disparity map and motion vector field. We obtain the disparity map of a stereo image was 
obtained using a specific stereo matching algorithm and classify the image into the foreground and 
background. Next, the motion vector field of the image on a block basis was produced using a full 
search algorithm. Finally, the stereo image was considered to be reversed when the foreground 
moved toward the background and the covered region was in the foreground. The proposed 
algorithm achieved a good detection rate when the background was covered sufficiently by its 
moving foreground.      
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1. Introduction 

Recently, the 3D video contents for TV, movies, and 
games has increased. The two views of a frame in a 
stereoscopic video, where one is referred to as the left view 
and the other is referred to as the right view, are intended 
for presentation to the left eye and right eye of a human 
visual system [1]. These 2D images are combined in the 
brain to give the perception of 3D depth. 

 On the other hand, the left view is shown in the right 
eye and the right view is shown in the left eye when the 
left view and right view are switched due to editing errors 
or software flaws. Fig. 1 shows a stereo image of a 
cylinder in front of a triangle. As a normal case, the 
triangle in Fig. 1(a) is focused behind the cylinder. 
Therefore, the stereoscopic image can be perceived. When 
view reversal occurs in this same scene, the triangle is 
focused in front of the cylinder, as shown in Fig. 1(b). That 
is, the object that is actually located in the foreground, is 
focused at the back, and the object, which is actually 
located in background, is focused at the front. This makes 
it difficult to recognize a real depth because the covered 
region of the triangle caused by cylinder provides a clue 
that the cylinder is in front of the triangle. As a result, the 
3D effect cannot be perceived correctly when view 

reversal occurs. In addition, fatigue and dizziness can be 
experienced due to flickering at the covered region. 
Therefore, a detection algorithm is needed for view 
reversal even though this phenomenon does not occur 
frequently. Fig. 2 is a stereo image represented by an 
anaglyph. As an image separation technique, the left and 
right views are filtered with near-complementary colors 
and are viewed through respective color-filter glasses to 
direct both views to the appropriate eye [2]. Fig. 2(a) is a 
normal state and this image is perceived as 3D objects. On 
the other hand, in the reversal case (Fig. 2(b)), the 3D 
depth cannot be perceived correctly. Such a phenomenon 
becomes worse in the FPR (Film Patterned Retarder) type. 

This paper proposes an effective algorithm to detect 
such a view reversal using disparity and motion 
information. First, a stereo image is divided into a 
foreground and background using disparity information 
that can be obtained by stereo matching. Next, the motion 
information caused by motion estimation is obtained, and 
eliminated some outliers. Finally, reversal can be detected 
if the covered region that occurs when the foreground 
moves to background or the background moves to the 
foreground. The simulation results show that the maximum 
detection rate of the proposed algorithm is 100% when a 
moving foreground sufficiently covers the static 
background, and 62.5% when the moving foreground 
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Fig. 1. Comparison of the normal case with the reversal case (a) Normal case, (b) Reversal case. 
 

 

Fig. 2. Stereo image represented by an anaglyph (a) Normal case, (b) Reversed case. 

covers the moving background. 
The remainder of this paper is organized as follows. 

Section 2 describes the related work and in the proposed 
scheme section and a detection algorithm for view reversal 
is proposed. The performance evaluation section describes 
the simulation environment and results. Finally, the last 
section concludes the paper. 

2. Related Work 

A previous work used disparity and motion vector 
information to detect view reversal [3]. Stereo matching 
was performed to obtain disparity data and divide the 
image into the foreground and background. If the 
foreground covers the background region due to the 
movement of the foreground, view reversal can be detected 
by observing whether the covered region is in the 

foreground or background. Therefore, disparity 
information, such as accuracy, and motion information, 
such as motion vector size, was used to obtain an 
occurrence probability of view reversal. The lower SAD 
(Sum of Absolute Difference) produced by stereo 
matching induces the more accurate disparity. Therefore, 
higher scores were assigned to the disparity vectors with 
lower SADs. Similarly, higher weights were given to the 
motion vectors with lower SADs, which were obtained by 
a motion estimation. Higher scores were assigned to the 
larger motion vectors because the larger motion can have a 
wider covered region. Finally, all the mentioned 
information was used for scoring and the score ranges 
from 0% to 100%. A higher score means that the 
probability of view reversal is high.  

In this paper, disparity and motion were used to detect 
view reversal, but a decision was made as to whether 
reversal occurs or not instead of scoring. 
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Fig. 3. Block diagram of the proposed algorithm. 
 

3. The Proposed Scheme 

This paper proposed a detection algorithm for view 
reversal in stereo videos. First, a disparity map employing 
stereo matching was obtained, and an input frame was 
classified into the foreground and background. Next, a 
motion vector field was produced using a specific motion 
estimation algorithm, and the gradient values on a block 
basis were calculated to exclude the flat regions from the 
candidates. Finally, view reversal cases were detected by 
observing whether the covered region was in the 
foreground or background. 

Fig. 3 shows an overall block diagram for the proposed 
algorithm, and the details are described as follows. 

3.1 Segmentation of the foreground 
region 

Stereo matching is the process of taking two or more 
images and estimating a 3D model of the scene by finding 
the matching pixels in the images and converting their 2D 
positions into 3D depths [4]. To perform stereo matching, 
it was assumed that two pairs of an input stereo frame were 
already rectified. Therefore, block matching for stereo 
matching was performed only in the horizontal direction. 
A typical three-step hierarchical search was used to reduce 
the computational complexity. The disparity  which has 
the minimum SAD in the specific search range, was 
searched and a bi-directional check was performed to 
examine the accuracy of the block matching [5]. The final 
disparity was obtained by applying a closing operation and 
median filtering [6]. 

d̂

Next, a disparity histogram was derived, and the target 
frame was classified into a foreground and background 
using the disparity histogram. Here, the property that the 
disparity of the foreground is generally located on the right 
side of the disparity histogram and that of the background 
is located on the left side was used [7]. 

3.2 Generation of a motion vector field 
A full search algorithm was used for motion estimation. 

The matching criterion between the current block  and 

candidate blocks in all positions belonging to the specific 
search range were calculated. Among these candidates, the 
block with a minimum SAD was found, and a motion 
vector was assigned between the selected block 

curB

selecB  and 
the current block. In addition, a bi-directional check was 
performed. For example, if  in the current frame is 
matched with 

curB
selecB  in the previous frame,  was 

checked to determine if it was the best match of 
curB

selecB  in 
the same search fashion. Through this procedure, the 
reliable blocks and their motion vectors could be found. 

3.3 View reversal detection 
In the flat region, the obtained disparity map and 

motion vector field might not be reliable. Therefore, 
gradient values were calculated to exclude the blocks in 
the flat region from the possible candidates. 

 
           (1) ( , ) ( 1, ) ( 1, )xG x y I x y I x y= − − +
 ( , ) ( , 1) ( , 1)yG x y I x y I x y= − − +           (2) 

 
Eqs. (1) and (2) were used to calculate the gradient 

values on a block basis in horizontally and vertically. 
Among the gradient values in each block, the number of 
gradient values that are higher than a particular threshold 

1τ  were counted. If the counted value is greater than a 
specific threshold, 2τ , the current block was checked to 
determine if it satisfied the gradient condition. 

Both the SAD values calculated during stereo matching 
and the motion estimation were exploited. The blocks with 
smaller SADs than a specific threshold were chosen to 
increase the detection accuracy.  

On the other hand, an overlapped region occurs if the 
foreground moves toward the adjacent background or 
background moves to the adjacent foreground. The 
overlapped region should be the background. For example, 
object A of Fig. 4 moves toward object B in the current 
frame. The location of object B becomes object C in the 
next frame. If foreground A moves toward background B, 
object B will be occluded. On the other hand, object A will 
be occluded if view reversal occurs due to the reversed 
disparity information. In this case, an incorrect decision 
that object B is the foreground can be made. Fortunately, if 
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Fig. 4. Basic concept of a view reversal detection. 
 

Flag1 =Flag2=Flag3=Flag4=0;
If (the number of the pixels whose Gx(x,y)>      and Gy(x,y)>      is larger than      )   

Flag1 = 1;
If (                                                                                                   )

Flag2 = 1;
If(                                                                                           )

Flag3 = 1;

If(Flag1==Flag2==Flag3==1)
If(object C is foreground)

Normal;
Else if(object C is background)

Reversal;
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Fig. 5. Pseudo code for detecting view reversal. 
 

object A moves toward object B, as shown in Fig. 4(a), 
object B will be occluded by object A, which is already 
decided to be the background. Therefore, this view 
reversal can be detected by observing such a phenomenon. 

Fig. 5 shows the pseudo code for detecting view 
reversal. First, objects A, B and C need to satisfy the afore-
mentioned gradient condition. Next, the SADs derived 
from stereo matching, i.e.  values, should be smaller 
than a threshold , and the SAD obtained by motion 
estimation for object A, i.e. , must be lower than a 
threshold . Next, if object B has a sufficiently small 
motion vector, and object A moves toward object B, a part 
of object B is occluded in the next frame. Finally, view 
reversal can be detected by determining if object C is the 
background or foreground.  

dSAD
dTh

m
ASAD

mTh

4. Performance Evaluation 

Twenty six stereoscopic video sequences extracted 
from various movies of 24fps and game videos of 30fps 
were used to evaluate the performance of the proposed 
algorithm. The video sequences were categorized into 
three classes. In Class 1, the background is sufficiently 
occluded by the moving foreground and the background is 
static. In Class 2, the background and foreground has 
motion. In Class 3, the foreground has motion, such as 
rotation or zoom. The video resolution is 1920×1080 
except for two sequences of class 1, whose resolutions are 

3840×1080 and 1440×576, respectively. 
The false positive rate (FPR), which means the number 

of incorrectly detected sequences among the total number 
of sequences, was used to evaluate the performance of the 
proposed algorithm. A false negative rate (FNR) indicates 
that the number of missed sequences among the total 
number of sequences. 

Fig. 6 shows the FPRs and FNRs according to the 
threshold, , i.e. an average matching error per pixel 
during a disparity estimation. Note that the search block 
size for stereo matching n was set to 32×32, and the 
detection rates for the  values of 8 to 20 were 
calculated. In the case of class 1, when  is small, 
the FPR is also small. In addition, the false detection 
disappears when  reaches a specific value. In the 
case of class 2, the FNR increased with decreasing . 
This is because the number of candidates of class 2 is 
normally less than that of class 1. Note that only the 
candidates with a still background or a small motion were 
chosen. In the case of class 3, the FPR is zero, but the FNR 
is not negligible. This is because the proper candidates are 
rarely in the case of class 3. 

/dTh n

/dTh n
/dTh n

/dTh n
/dTh n

Table 1 shows the maximum detection rates when there 
is no false detection. Note that class 1 where the 
background is still and the foreground sufficiently 
occludes the background is the best case. Class 2 shows a 
lower detection rate because the background has the same 
direction as the foreground. The sequences of class 3 also 
have some motion, but the foregrounds in those sequences 
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Fig. 1. Detection rate (a) Class 1, (b) Class 2, (c) Class 3. 

sufficiently occlude their adjacent backgrounds. Therefore, 
class 3 also has a lower detection rate than class 1.  

5. Conclusion 

This paper proposed a detection algorithm for view 
reversal to prevent visual fatigue. View reversal was 
detected by examining whether a covered region is in the 
foreground or background because the foreground and 
background are reversed when view reversal occurs. The 
experimental results showed that the maximum detection 
rate of class 1 was 100% and that of class 2 and 3 was 
62.5% and 82.33%, respectively. 
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