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Abstract 

T h i s  paper proposes a n e w  technique f o r  generating mul -  
t iviewpoint video f r o m  two-view stereo video sequence. 
T h e  two-view stereo video can  be easily obtained by using 
inexpensive two-view stereo video capture devices. For 
each image  pair  in the two-view stereoscopic video sig- 
nals,  our s y s t e m  f i rs t  es t imates  the  corresponding poin ts  
of each pixel  based-on epipolar constraint.  A smooth- 
ing algorithm i s  uscd t o  smooth  the  es t imat ion  result, 
and t h e n  generate &he disparity m a p s  f o r  each image  
pair. T h e n  the  proposed s y s t e m  can  generate multiple 
perspective stereo video by interpolating or extrapolating 
the  original views based o n  t h e  generated disparity maps .  
Compared t o  t h e  traditional method of capturing the  mul -  
tiple perspective video directly, Our method can signifi- 
cantly reduce both the  dif icult ies of  video capturing and 
processing as well as  t h e  a m o u n t  o f  video data. 

1 Introduction 

For many immersive entertainment[l] and virtual real- 
ity systems[2, 3, 4, 5, 61, providing stereo views is an 
important feature to let users feel as if they are partic- 
ipating, especially if the systems can provide multiple 
perspective stereo views. Many new stereo monitor sys- 
tems have the capability to simultaneously project video 
signals of multiple, e.g., six or more, perspectives. How 
to obtain and how to manage multiple perspective video 
is an important issue for those systems. However, it is 
not easy to capture multiple, e.g. six, perspective video 
because multiple perspective video capture device is ex- 
pensive and unpopular. Even if one can capture multiple 
perspective video that are synchronized correctly using 
special hardware, it is still not easy to store and manip- 
ulate those video sequences due to the large amount of 
image data. 

In this paper, we propose a technique for generating 
multiple perspective video from a two-view stereo video 
sequence. Compared with multiple perspective video 
capture device, stereo video camera is much more pop- 

ular and less expensive. In the proposed mechanism, 
we first obtain the initial two views using a stereo video 
camera. The next step is to estimate the correspond- 
ing points of each pixel in the stereo video automatically 
or semi-automatically, and then generate two disparity 
maps for each image pair in the stereo video. The gener- 
ation of disparity maps is a time consuming procedure, 
but it can be done by off-line processing. By applying 
the proposed estimation algorithm, the disparity maps 
for most stereo videos can be generated fully automati- 
cally. From the original stereo video and the generated 
disparity maps, our system can generate multiple per- 
spective stereo views on-line by interpolating or extrap- 
olating the original stereo video. By using the proposed 
technique for multiple views generation, only the original 
stereoscopic video signals and the generated sequences 
of disparity map are needed for generating a sequence of 
stereo video which allows user to change viewpoint within 
a certain range around the original two views. Both the 
difficulty of video processing and the .amount of video 
data can be reduced significantly. 

2 Review 
This section briefly reviews the multiple perspective 
video display system and some niorphing techniques 
commonly used for view interpolation. 

Multiple perspective video display system 

Several kinds of stereo display systems are commonly 
used in many multimedia applications. For example, 
the polarized stereo video projecting system is widely 
used in theater to show stereo movies. The audiences 
must wear a polariscope stereo glasses to  enjoy the s1,ereo 
movie. In computer display systems, LCD shutter glasses 
is commonly used to see stereo objects on computer mon- 
itor. And the blue-red stereo glasses is wide!y used to 
see stereo objects on computer monitor, slide shows and 
printed articles. All the commonly used stereo display 
mechanisms can only display two perspective views at 
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multiple perspective video display system 

video projectors 

possible viewing positions of the viewer’s eyes 

Figure 1: The multiple perspective video display system. 

the same time, and the uses need to wear some kind of 
stereo glasses to see the stereo output. 

The multiple perspective video display system is an al- 
ternative method to show stereo videos. Figure l is the 
brief diagram of an example multiple perspective video 
display system containing six video projectors. In fig- 
ure 1, The six video projectors numbered from one to six 
project different perspective videos on the convex lens. 
Thus the images of those videos are located at the front of 
the display system in reverse order. There are six possi- 
ble position to see the projected videos. When the user’s 
eye is at position 1, the user can see the video projected 
6y video projector 6 ,  for example, and if the user’s eye is 
at position 2, he can see the video 5, and so on. Most of 
the multiple perspective video display systems are well 
designed such that the user’s left and right eyes can be 
at the adjacent viewing positions at the same time. For 
example, the use can put its left and right eyes at viewing 
position 3 and 4, respectively, to see the videos 4 and 3 
simultaneously to experience the stereo movie. The user 
can move his head to  left or right. For example, when the 
user’s head moves to left, his left and right eyes move to 
viewing position 2 and 3, respectively, and the observed 
videos are switched to video 4 and 5, simultaneously, to 
see another stereo view. That is, the example display 
system shown in figure 1 can provide five stereo perspec- 
tive views simultaneously, and the users need not to wear 
any kind of stereo glasses to see the stereo video. 

The multiple perspective video display system is a bet- 
ter device for immersive systems because of the advan- 
tages described above. However, it is not easy to obtain 
the multiple perspective video, and it is not easy to ma- 
nipulate the video data. The goal of this paper is to 
automatically generate multiple perspective views from 
two views by using morphing technique, and it is useful 
for the multiple perspective video display system. 

Review of morphing techniques 

Morphing technique contains two transition functions for 
each corresponding pair in the source object and the 
target object. One is the forward transition function, 
which defines how the corresponding point moves from 
the source object to the target object. The other is the 
backward transition function, which defines how the cor- 
responding point moves from target object back to the 
source object. The forward transition function generates 
an intermediate object from the source object, and the 
backward transition function generates an intermediate 
object from the target object. In both functions, there 
are a variable s varying from 0 to 1, which determines 
that the intermediate object is how far away from the 
source object. When s is 0, the position of intermediate 
object is the same as that of the source object. When s is 
equal to 1, the position of intermediate object is the same 
as that of the target object. The corresponding pairs of 
the forward transition function need not to be the same 
as those of the backward transition function. Morphing 
technique also contains an interpolation function, which 
determines how the intermediate objects of the forward 
and backward transition functions are merged into re- 
sulted transition objects. 

The image morphing[7], in which the “object” is equal 
to an image, is able to be applied to the image-based ren- 
dering systems. The image morphing contains a set of 
functions which morph each pixel from the source image 
to the target image. However, traditional image morph- 
ing function is usually a linear transition function of 2D 
image positions. If we simply apply the image morphing 
to an image-based virtual reality system, the generated 
transition views may not be the same views the viewers 
can see when they walking from the source viewpoint to 
the destination viewpoint in the real world. 

The view morphing[8] technique was proposed to gen- 
erate realistic transition views for lateral transition func- 
tion. View morphing contains three steps to complete its 
work described as follows. 

The first step of view morphing is prewarping. The 
fundamental matrix[9, 10, 111 for the positions relation of 
the camera when taking the source and target images is 
estimated from the corresponding features in the source 
and target images. Then the source and target images 
are warped onto parallel image planes, and both warped 
image planes are parallel to the transition baseline. 

The second step of view morphing is to apply tradi- 
tional image morphing with linear transition function on 
the warped images. After the transition images are gen- 
erated by applying the linear image morphing, those im- 
ages are then back projected to the image planes, such 
that the resulted images are almost the same as the im- 
ages taken by camera moving from the original source 
position and viewing direction to the original target po- 
sition and viewing direction. 

The disparity morphing has been proposed in [12] to 

Authorized licensed use limited to: National Taiwan University. Downloaded on March 16, 2009 at 02:16 from IEEE Xplore.  Restrictions apply. 



126 

~ 

Postwaring 

t 
Disparity Morphing 

IEEE Transactions on Consumer Electronics, Vol. 45, No. 1, FEBRUARY 1999 

input: stereo vidt:o 

Prewaring El 4 
Disparity Maps Estiniation 

and Generation 1 

Preprocessor Multiple Views Generator 

Figure 2: The block diagram of the multiple perspective 
video generation system. 

generate realistic transition views from two images for 
general view transit,ion in image-based rendering sys- 
tems. The disparity morphing depends on the estimated 
disparity map for each image pair based on the epipolar 
geometry. The epipolar constraints can not only speed 
up the searching of correspondences for disparity estima- 
tion, but also improve the accuracy of the estimated dis- 
parity maps. Then the forward and backward morphing 
functions are defined based on the estimated disparity 
maps. Notice that the forward and backward morphing 
functions are usually not linear and not similar to the 
traditional image morphing functions. Finally, the inter- 
polation function is defined to  deal with the object oc- 
clusion problems correctly. The resulted transition views 
are almost the same as what viewers can see in the real 
world. 

3 Multiple Perspective Video 
Generation 

This section describes the proposed multiple perspective 
video generation system. The video generation algorithm 
used in this system is based on the disparity morphing 
technique proposed in [12]. The block diagram of the 
video generation system is shown in figure 2. 

As shown in figure 2, the original stereo video cap- 
tured by stereo video camera is the input data of the 
views generation system. The preprocessor of the mul- 
tiple views generation system prewarps the stereo video 
such that the video planes are parallel to  each other, then 
estimates the correspondences of each pixel in the stereo 
video, generates the disparity maps, and then compresses 
the original stereo video as well as the generated disparity 
maps. The procedures of the preprocessor can be done in 
advance. The multiple views generator of the proposed 
system reads and decompresses the original videos and 
disparity maps, then applies the disparity morphing to 
generate desired views, and then performs the postwarp- 

ing procedure to put the output video at  desired viewing 
direction. All the function block of the multiple perspec- 
tive views generation system will be described in detail 
in the following subsections from section 3.1 to 3.5. 

3.1 Prewarping 
The purpose of the prewarping procedure is to make the 
image planes of original videos be parallel to  each other 
and parallel to the stereo baseline between the optical 
centers of two cameras[9, 10, 111. As documented in 
previews research works[8, 121, once the stereo images 
pair be parallel to each other and parallel to the stereo 
baseline, the correspondence estimation can be done by 
searching on horizontal direction only, and the morphing 
function becomes linear. Searching on horizontal direc- 
tion simplifies the estimation procedure and increases the 
estimation accuracy. The linear morphing function sim- 
plifies the views generation procedure and increases the 
processing speed. 

Usually, the original stereo image planes are parallel 
or almost parallel, and our system has the capability to  
tolerate the almost parallel cases. Thus the prewarping 
procedure can be usually bypassed. 

3.2 Generation of Disparity Maps 
This subsection describes the algorithms for estimating 
the stereo correspondence and generating the disparity 
maps. After the original stereo videos are captured by a 
stereo video camera, an optional pre-warping procedure 
is applied to warp the stereo video, such that the resulted 
image planes of two views are almost parallel to each 
other and parallel to  the stereo baseline. Figure 3 shows 
an example of the stereo image pair, which is generated 
by 3D Studio for simulation and illustration purposes. 

The disparity maps generation algorithm includes two 
procedures. The first one is the template matching pro- 
cedure and the second one is the refinement procedure. 

Template matching procedure 

Since the image planes of the original stereo views are 
approximately parallel to each other, the corresponding 
point for each pixel can be searched horizontally based- 
on the epipolar constraint. Due to the search range 
is constrained within a horizontal area, the correctness 
of the corresponding point estimation can be increased. 
In our system, after manually setting the search range, 
the template matching procedure can automatically es- 
timates the corresponding points. Figures 4 and 5 show 
some results of the template matching procedure from 
left image to right image. Figure 4 shows the matching 
results of low-ambiguity areas, such as the purple box 
(4a), the background sky (4b), and the textured sphere 
(4c). Since those areas in figure 4 are distinguishable, the 
matching results are pretty good. On the other hand, 
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Figure 3: An example of the stereo image pair: (a) left 
image, (b) right image. 

figure 5 shows the matching results on high-ambiguity 
areas, such as the face with hollow eyes (5a) and the tri- 
angle textured box (5b). The template matching proce- 
dure applied on the high-ambiguity areas produces noisy 
results, and the results should be refined for further uses. 

Refinement procedure 

Even base-on the epipolar constraints, the result of cor- 
responding point estimation is still noisy and match- 
ing ambiguity still can not be fully eliminated. There- 
fore, a global refinement algorithm is used to remove the 
matching ambiguity and to smooth out the matching re- 
sult. The global refinement algorithm is an iteration 
of two procedures, the median filtering procedure and 
the smoothing optimization procedure. The median fil- 
ter uses a cross filter with 50 pixels window size to re- 
move the outliers of the matching results. The smoothing 
optimization procedure minimizes the smoothness error 
function, which is the weighted sum of the intensity dif- 
ference for each corresponding pair, and the matching 
distance variation of adjacent pixels. The smoothness 
error function can be used to remove the matching am- 
biguity and smooth out the matching results, and the 
function is defined as follows. 

E = E l + r  x ED, (1) 

Figure 4: Some results of applying the template match- 
ing procedure to low-ambiguity areas. 

Figure 5: Some results of applying the template match- 
ing procedure to  high-ambiguity areas. 
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where E 1  is the sum of intensity difference of the corre- 
spondence defined in equation ( 2 ) ,  E D  is the matching 
distance variation defined in equation (3), and r is the 
refinement factor specified by user and is usually set as 
1. 

where I ( z , y )  is the intensity of pixel at image position 
(2, y) ,  and C(z, y) is the corresponding point position of 
pixel (z, y ) . 

(3) 
where D ( x , y )  is the distance of corresponding points 
pair, defined as D ( z , y )  = / ~ ( z , y ) C ( x , y ) ~ ~ .  

The median filtering procedure and the smoothing 
optimization procedure are iteratively performed alter- 
nately until the resulted smoothness error value E is less 
than a threshold or the number of iteration times reaches 
a preset value. 

The results of the refinement procedure are shown in 
figures 6 and 7. Even at the high-ambiguity areas, (7a) 
and (7b), as well as the object boundaries (7c), the re- 
sulted corresponding points are correct. 

Generation of disparity maps 
After the matching result is refined, the disparity maps 
can be generated by simple computing the horizontal dif- 
ference of each corresponding point pair. In our system, 
the disparity maps are generated as gray images, which 
can be compressed by using lossless data compression 
procedure. Figure 8 shows the generated disparity maps 
for the stereo image pair. The left disparity map shown 
in figure 8(a) is the disparity map from left image to 
right image shown in figures 3(a) and 3(b), respectively. 
On the other hand, t,he right disparity map shown in fig- 
ure 8(b) is the disparity map from right image to left 
image shown in figures 3(b) and 3(a), respectively. The 
dark value in the disparity map means the position of the 
corresponding point is at the left hand side of the original 
pixel position, and t,he light value in the disparity map 
means the position of the corresponding point is at the 
right hand side of the original pixel position. The left 
and right disparity maps are highly correlated, and the 
correlation between two disparity maps can be removed 
by compressing the disparity maps using prediction tech- 
nique. 

3.3 Data Compression 
In our system, both the original stereo video and the 
disparity maps are compressed. The stereo video is com- 
pressed using MC/DCT-based video codec[l7, 18, 19, 20, 
211. The frame structure is shown in figure 9. The left 

Figure 6: Some results of applying the refinement proce- 
dure to low-ambiguity area. 
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Left video h-yyn .....Kp, 

Figure 9: The frame structure of stereo video compres- 
sion. 

video is the reference video. The pictures of the left video 
are organized as groups of pictures (GOP). The first pic- 
ture of each GOP is the I-picture, which is encoded by 

(b) DCT transform, linear quantizer, run-length coder, and 

(C) sponding picture of left video, and the estimation error 
images are then encoded. The rest pictures of each GOP 
in the right video are the P-pictures, which are encoded 
as the same as the P-pictures of the left video. 

The disparity maps are encoded by using lossless tech- 
nique. The disparity of each corresponding pixel is firstly 
predicted by the disparity of the previous pixel or the 
disparity of the corresponding point, and then the pre- 
diction error is encoded by a dynamic arithmetic coder. 

Figure 7: Some results of applying the refinement proce- 
dure to high-ambiguity areas. 

(4 @) polated with a viewpoint parameter s from the corre- 
sponding pixel positions and the corresponding dispari- 
ties. The viewpoint parameter s defines the location of 
the viewpoint. When s is 0, the viewpoint is located 
at the original left eye viewpoint. and when s is 1, the 
viewpoint is located at the original right eye viewpoint. 
Figure 10 illustrates the meaning of parameter s. The 
generated multiple perspective views are shown in fig- 
ure 11 when the viewpoint parameter s is from -1 to 2 

Figure 8: The generated disparity maps for the stereo 
image pair shown in figure 3: (a) the left disparity map, 
(b) the right disparity map. 
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the baseline the extrapohtion the interplocation the extrapolation 
of the 
viewpoints ‘ period , period period 

I I 

s=- 1 s=o s= 1 s=2 
the original left eye 
viewpoint viewpoint 

the original right eye 

Figure 10: The meaning of viewpoint parameter s. 

stepped by 0.2. 
The generated video usually contains holes and oc- 

cluded objects. In our system, the image holes can be 
eliminated by interpolating the values of adjacent pix- 
els, and the object occlusion problem can be deal with 
correctly by analyzing the disparity flows as described in 
the next paragraph. 

Figure 12 shows an example of disparity flows. In this 
example, there is a background object from points p l  to  
p6 covered by a foreground object at points p3 and p 4 .  

Thus the points p3 and p4 move faster than p l ,  p2 and p 5 ,  

p6.  During the view interpolation procedure, for example 
s = 0.5, point p3 and p5 morph to the same image po- 
sition. In traditional image morphing, the resulted pixel 
value is usually the weighted sum of the values of orig- 
inal points p3 and p5,  and this method generates ghost 
effects on the resulted image. In our system, the dis- 
parity of each corresponding point is examined to decide 
which point value should be output as the resulted pixel 
value. In this example, the disparity of point p3 is larger 
than that of point p5,  that means the object at point 
p3 is closer to the camera than the object a t  point p5 .  

Thus the pixel value of point p3,  the point with larger 
disparity, is output as the resulted pixel value. By ap- 
plying this algorithm, the views generation system can 
deal with the object occlusion problem correctly, and can 
generate clear and correct interpolated and extrapolated 
videos. 

3.5 Postwarping 
The postwarping procedure warps the generated parallel 
videos to desired viewing direction. The desired view- 
ing direction is usually toward to the interested area of 
the scene. The postwarping procedure rotates the image 
planes and generates the desired views[8]. 

4 Experimental Results 
This section shows the experimental results of applying 
the proposed algorithm on real stereo video. Figure 13 
shows the lst ,  the 30-th and the 55-th frames of stereo 
video “Dance”. Figures 14, 15 and 16 are the generated 
interpolation and extrapolation images for the lst ,  and 
30-th, and 55-th frame pairs, respectively. The mean- 
ing of s in figures 14, 15 and 16 has been described in 
section 3.4 and figure 10. 

For the first frame pair (figure 13(a), please notice that 

s=l a=-0.8 s=-0.6 

s=-0.4 s=;0.2 

5 4 . 2  s4 .4  s 4 . 6  

s 4 . 8  s=1.0 s=1.2 

s=1.4 s=1.6 s=1.8 

s=2.0 

Figure 11: Generated views a t  different perspectives. 
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0 0.1 0.2 0.3 0.4 0.5 0.0 0.7 0.8 0.9 1 

8 

Figure 12: The example disparity flows of a correspon- 
dence scan line pair during the view interpolation proce- 
dure. 

the head of the right dancer in right image is closer to 
the left boundary of the tent than that of the left image. 
As the generated views shown in figure 14, the distance 
between the head of the right dancer and the left bound- 
ary of the tent is larger when the viewpoint parameter s 
is smaller. For the 30-th frame pair (figure 13(b), please 
notice that the head of the right dancer in right image is 
farer from the right boundary of the tent than that of the 
left image. Examining the generated views shown in fig- 
ure 15, the distance between the head of the right dancer 
and the right boundary of the tent is smaller when the 
viewpoint parameter s is smaller. For the 55-th frame 
pair (figure 13(c), please compare the relative positions 
between the waistband of the left dancer and the tent 
in both image. In all of the three examples, our systems 
can automatically generate correct views at different per- 
spectives. 

By combining with stereo glasses and head tracking 
system, users can see stereo video from arbitrary viewing 
directions. Figure 17 shows the user is using the multi- 
ple views generation system with an ultrasonic tracking 
system. 

5 Conclusion and Future Work 
We have developed a new method and system for gener- 
ating multiple perspective stereo video from a two-view 
stereo video sequence. The system firstly generates dis- 
parity maps from original stereo video. The disparity 
maps is estimated based-on epipolar constraints, and 
smoothed by a refinement algorithm. The disparity maps 
generation procedure is highly automatic and highly ac- 
curate. The disparity maps as well as the original stereo 
video are compressed to reduce the storage size. Our 
system can on-line generate arbitrary perspective stereo 
video depending on the requirement of the user. Com- 

the left houndarv of the tent 

(C) the waistbandofthe left dancer 

Figure 13: The original frames of stereo video “Dunce”, 
(a) the first frame pair, (b) the 30-th frame pair, and (c) 
the 55-th frame pair. 

s=-l s=0.3 

s=0.6 s=Z.O 

Figure 14: Generated views at different perspectives for 
the first frame pair of the stereo video “Dunce”. 
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s=-l s=0.3 

s=0.6 s=2.0 

Figure 15: Generated views at different perspectives for 
the 30-th frame pair of the stereo video “Dance”. 

s=0.6 s=2.0 

Figure 16: Generated views at different perspectives for 
the 55-th frame pair of the stereo video 1LDance’7. 

Figure 17: The user using our system to see the multiple 
perspective stereo video with a stereo eyeglasses and a 
head tracking system. 

pared to the traditional method of capturing the multiple 
perspective video directly using multiple cameras, both 
the difficulty of capturing procedure and the amount of 
video data ‘can be reduced significantly. Furthermore, 
since our system can interpolate or extrapolate the stereo 
video based-on arbitrary viewing directions, the system 
can be easily applied to  all kind of stereo monitor sys- 
tems with different numbers of video projectors. The au- 
tomatic correspondence estimation is a time-consuming 
procedure. How to increase both the estimation speed 
and accuracy is one of our future work. 
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