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Fig. 4. Concealment of a non-occluded pixel Fr,t(p+ vf (p)).

and the intensity difference of p′

ε(p′) = Fl,t(q
′)− Fl,t−1(p

′). (3)

Suppose that the disparity vector d(p) matches a non-occluded
pixel p to p′. Then, based on the inter-view similarity assumption,
we use the forward motion vector and the intensity difference of p′

to transfer the information in p to the lost frame Fr,t. In other words,
we have

p
′ = p+ d(p), (4)

vf (p) = vf (p
′), (5)

ε(p) = ε(p′). (6)

Then, we reconstruct a pixel in the lost frame by

Fr,t(p+ vf (p)) = Fr,t−1(p) + ε(p). (7)

3.4. Hole Filling

We carry out the concealment procedure in (7) for all non-occluded
pixels p’s in Fr,t−1, but there may be still empty pixels on the recon-
structed frame Fr,t because of occluded pixels. Moreover, multiple
non-occluded pixels in Fr,t−1 can be mapped to the same pixel in
Fr,t, making more empty pixels.

To fill in an empty pixel, we first check whether it belongs to a
static region, using the temporal intensity differences of its neighbor-
ing pixels. In general, a static region has a small intensity difference
between temporally consecutive frames, whereas a dynamic region
has a large difference. Thus, we compute the average temporal inten-
sity difference of pixels within the 5 × 5 window around the empty
pixel. Then, if the average difference is less than a pre-specified
threshold, we fill in the empty pixel with the pixel at the same posi-
tion in Fr,t−1. Otherwise, we replace it with the nearest non-empty
pixel in Fr,t.

4. SIMULATION RESULTS

We evaluate the performance of the proposed algorithm on four test
sequences. Each sequence is encoded by the JMVC 6.0 multiview
coding software [8] with the coding structure in Fig. 1, and the quan-
tization parameter is set to 32. Table 1 summarizes properties of the

Table 1. Properties of test sequences. For the “Akko&Kayo” and
“Ballroom” sequences, the first two views from the 8 views are used
in this work.

Frame Frame Number of
Sequence Size Rate (fps) Frames

IU 320× 240 30 151
MS 320× 240 30 151

Akko&Kayo 640× 480 30 91
Ballroom 640× 480 25 97

Table 2. Comparison of the average PSNR performances (dB).

Original SCA-P DFDP Proposed
Sequence [4] [6] algorithm

IU 34.87 30.57 32.65 32.99
MS 35.81 33.17 33.86 33.97

Akko&Kayo 36.87 31.35 34.15 34.87
Ballroom 35.23 30.93 32.98 33.35

test sequences. To simulate error conditions, we assume that frame
losses occur in the right view only with a loss rate of 5%. We sim-
ulate 10 different error patterns for each sequence and present the
average PSNR performance for the Y component.

Fig. 5 shows the reconstructed 48th and 49th frames in the right
view sequence of “Akko&Kayo.” In this test, the 48th frame is lost,
and its errors propagate to the 49th frame. Fig. 5 (a) is the error-free
reconstruction, and Fig. 5 (b) shows the lost frames that are filled in
with gray pixels. Figs. 5 (c) and (d) are obtained by the conventional
SCA-P [4] and DFDP [6] algorithms. Fig. 5 (e) is reconstructed by
the proposed algorithm. We see that the proposed algorithm alle-
viates artifacts and provides more faithfully reconstructed images.
In terms of the object video quality, the proposed algorithm yields
about 4.3∼9.0 dB higher PSNR’s than the conventional algorithms.

Fig. 6 shows the reconstructed 35th and 36th frames in the right
view sequence of “IU.” Whereas the conventional algorithms yield
ghost and ringing artifacts especially around the face, the proposed
algorithm reduces them and provides about 2.0∼11.8 dB higher
PSNR’s.

Table 2 compares the average PSNR performances over all the
frames and all the error patterns. For every sequence, the proposed
algorithm provides significantly higher PSNR’s than the conven-
tional algorithms. On the average, the proposed algorithm provides
about 2.4 dB higher PSNR’s than SCA-P and about 0.5 dB better
PSNR’s than DFDP. Especially, on the “Akko&Kayo” sequence,
the proposed algorithm provides about 3.58 dB and 0.78 dB higher
PSNR’s than SCA-P and DFDP, respectively.

5. CONCLUSIONS

We proposed an efficient frame loss concealment algorithm for
stereoscopic video using the inter-view similarity of motion and in-
tensity difference. To conceal a lost frame Fr,t in the right view, the
proposed algorithm first estimates the disparity vector field of the
previous frame Fr,t−1. Then, it finds the matching pixels in Fl,t−1

in the left view and determines their motion vectors and intensity
differences. By projecting the motion vectors and the intensity
differences onto Fr,t−1 in the right view, the proposed algorithm
reconstructs non-occluded pixels in Fr,t. Finally, occluded pixels
are recovered by the hole-filling method. Simulation results demon-

443


