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Fig. 5. Error patterns for the loss of (a) a right color frame, (b) a right 
depth frame, and (c) both right frames. 
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Fig. 6. (a) Object and background points are projected onto the left and 
the right frames. Pixel ‘a’ is occluded in the right frame, and pixels ‘f,’ 
‘g,’ and ‘h’ are occluded in the left frame. (b) In the matching from the 
right frame to the left frame, ‘f,’ ‘g,’ and ‘h’ are incorrectly mapped to 
‘c,’ ‘d,’ and ‘e.’ (c) In the matching from the left frame to the right frame, 
‘a’ is incorrectly mapped to ‘b,’ and no pixel is mapped to ‘f,’ ‘g,’ or ‘h.’  

 
 
 
where v ( , )l

D t p  denotes the recovered motion vector at pixel 
.p  Then, using v ( , ),l

D t p  we reconstruct the pixel in the lost 
left depth frame by 
 

( , ) ( 1, v ( , )),l l l
D D DF t F t t  p p p            (3) 

 
where ( , )l

DF t p  denotes the depth value of pixel p  in ( ).l
DF t  

Note that, if a pixel in ( )l
CF t  belongs to an intra block, its 

motion vector is assumed to be zero. 
When both left color and depth frames are lost as shown in 

Fig. 2(c), the color frame is first concealed using the method 
in Section IV.A, and then the recovered motion vectors of the 
color frames are used to conceal the depth frame.  

Notice that, as in the case of the pixel based motion vector 
estimation (PMVE) algorithm [33] and the motion vector 
sharing algorithm [26], the proposed concealment algorithm 
for left frames employs the motion vector extrapolation and 

shares the motion vectors between color and depth frames. 
However, the PMVE algorithm cannot conceal depth frames 
effectively due to the irregularity of depth motion vectors. 
Moreover, as illustrated in Fig. 4, the motion vectors of depth 
frames cannot represent object motions reliably. Thus, the 
motion vector sharing algorithm cannot faithfully conceal the 
color frame using the motion vectors of the depth frame. On 
the other hand, the proposed algorithm conceals depth frames 
as well as color frames more effectively by employing more 
reliable motion information of color frames. 

C. Concealment of Right Color Frames 

Since left color and depth frames are correctly received or 
concealed by the methods in Sections IV.A and IV.B, they are 
available to conceal right frames. Fig. 5 illustrates the loss of a 
right color frame and/or a right depth frame.  

Let us suppose that the right color frame ( )r
CF t  is lost but 

its depth frame ( )r
DF t  is available as shown in Fig. 5(a). We 

first match pixels in the right color frame ( )r
CF t  to pixels in 

the left color frame ( )l
CF t  using the depth information. We 

then recover the pixel values in ( )r
CF t  by exploiting the high 

inter-view correlations between the matched pairs of pixels. 
More specifically, using the scene acquisition information 

and the depth information, we map pixels in the color frame 
( )r

CF t  to 3D world coordinates. Let ,rΑ ,rR  and rT denote 
the intrinsic matrix, the rotation matrix, and the translation 
vector of the right camera, respectively. In addition, let 
[ , ,1]x y   be the homogeneous coordinates of pixel p  in 

( ).r
CF t The corresponding 3D world coordinates [ , , ]u v w  can 

be computed [9] by 
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Then, using the intrinsic matrix ,lΑ  the rotation matrix 

,lR and the translation vector lT  of the left camera, we project 
the 3D world coordinates onto the left color frame by  
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In this way, we match each pixel p  in the right frame 
( )r

CF t  to a pixel p̂  in the left frame ( ).l
CF t  However, this 

procedure becomes invalid when the right depth frame ( )r
DF t   

as well as the right color frame ( )r
CF t  are lost as shown in 

Fig. 5(c). In such a case, using the left depth frame ( ),l
DF t  we 

match each pixel in the left color frame ( )l
CF t  to a pixel in the 

right color frame ( ).r
CF t  However, not all pixels are matched 

because of the occlusion.  
Fig. 6 shows a matching example, in which some pixels are 

occluded. In Fig. 6(a), object points ‘b,’ ‘c,’ ‘d,’ and ‘e’ and  


