
Figure 1: illustration of bidirectional motion copy method
It is worth pointing out that in the H.264 decoder ft is not 
detected as missing until the video data of the next frame ft+1
have been received. Therefore the motion vectors of ft+1 are also 
available by that time. Due to the fact that these motion vectors
have correlation with those of ft, we propose to copy the motion 
vectors of both ft-1 and ft+1 to the missing frame ft as illustrated in 
Figure 1, where . In doing so, each block in the missing frame ft
has two estimated motion vectors. Then, motion compensation is 
carried out using these two motion vectors respectively, hence 
obtaining two estimates of the block within ft. The final 
estimation of pixel values within the lost frame ft is an average of 
these two estimates. This method is referred to as bidirectional 
motion copy method in this paper. Since the smallest block size 
for motion compensation in the H.264 standard is 4x4 pixels, we 
applied this bidirectional motion copy method to every 4x4 block 
in the lost frame.  Let ),(ˆ yxp F

t and ),(ˆ yxp B
t denote estimated 

pixel values in the block Bi from the motion vectors of ft-1 and 
ft+1, respectively.  ),(ˆ yxp F

t , ),(ˆ yxp B
t and ),(ˆ yxpt are expressed

by the following equations.
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In addition, H.264 adopts multiple reference frame selection 
technique so that each macroblock partition has its own reference 
frame. Therefore, each motion vector in a macroblock partition is 
associated with a reference frame. When the reference frame of 
the copied motion vector for block Bi in ft is ft-n, rather than ft-1,
where n is an integer larger than 1, this motion vector needs to be 
scaled so as to change its reference frame to ft-1. One of the 
reasons for the scaling is that ft-n may be missing. Another reason 
is that our simulation results demonstrate the quality of concealed
pictures with the scaling of copied motion vectors is better than 
that without scaling. Assume that )(ˆ

it BV is the copied motion 
vector for the block Bi in ft and its reference frame is ft-n. The 
scaled motion vector is computed by nBV it /)(ˆ .

Although we take into account the motion vectors from both ft-1
and ft+1 in concealing ft, blocking artifacts are unavoidable in the 
concealed picture because the estimated motion vectors may not 
accurately replicate the original motion vectors in the missing 
frame. The Overlapped Block Motion Compensation (OBMC) 
[7] is an effective technique in the reduction of the above 
mentioned blocking artifacts. In this work, we implemented 
OBMC in 4x4 block motion compensation. The weights are 
derived from the ones in the H.263 standard [12], as shown in 
Figure 2, where H0 is the matrix for the current block, H1 for the 
adjacent blocks above and below the current block and H1 for 
those to the left and right of the current block.

Figure 2: Weights values for H0, H1 and H2

3. EXPERIMENTAL RESULTS
The proposed method was implemented in H.264 test model 
JM15.1 [13]. To evaluate the performance of our proposed 
algorithm, the three reference methods that were also 
implemented in the JM 15.1 decoder are used in this paper for
performance comparisons. One of the reference methods is the 
conventional motion copy method found in the JM 15.1 [2] 
(JM_MC); the two others are the methods presented in [6] and 
[8], respectively. 

3.1 Design of Experiment
Four SIF (352x240) sequences were used in the test: Bicycle, 
Ferriswheel, Football and Stefan, at a frame rate of 30 frames per 
second. All these sequences contain multiple moving objects. 
The first 15 frames of each video sequence were encoded with 
the H.264 encoder. A constant QP of 28 is applied for all types of 
frames. In each test sequence, the first frame was encoded as I 
frame and all the remaining frames were encoded as P frames. 
The number of reference frames for motion compensation was 5. 
For each test sequence we conducted 12 tests. In each test, one of 
12 P frames, starting from the second P frame to the second last 
P frame, was removed from the coded bitstream. The damaged 
coded bitstreams were then decoded and concealed using the 
proposed and the reference methods. 

3.2 Results from Experiments
The PSNR of luminance is used in the test as an objective 
performance metric and is computed for each concealed frame 
and for each of the methods. Figures 3 to 6 show the PSNR 
values of each concealed frame in the four test sequences, 
respectively. The horizontal axis represents the concealed frame 
index number in each sequence.

Figure 3. PSNRs of all concealed frames for Bicycle
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