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In low bit-rate video transmission, the payload of a 
single packet can often contain a whole coded frame due 
to the high compression ratio in both spatial and temporal 
domains of most modern video coders. Thus, the loss of a 
single packet not only causes the loss of a whole frame, but 
also produces error propagation into subsequent frames. 
In this paper, we propose a novel whole frame error 
concealment algorithm which reconstructs the first of the 
subsequent frames instead of the current lost frame to 
suppress the effects of error propagation. In the proposed 
algorithm, we impose a constraint which uses side match 
distortion (SMD) and overlapped region difference (ORD) 
to estimate motion vectors between the target 
reconstructed frame and its reference frame. SMD 
measures the spatial smoothness connection between a 
block and its neighboring blocks. ORD is defined as the 
difference between the correlated pixels which are 
predicted from one reference pixel. Experimental results 
show that the proposed algorithm effectively suppresses 
error propagation and significantly outperforms other 
conventional techniques in terms of both peak signal-to-
noise ratio performance and subjective visual quality. 
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I. Introduction 

For robust video transmission over low bit-rate networks, it 
is necessary to cope with several problems including 
transmission error, channel bandwidth variation, and fading 
effects [1], [2]. Transmission error is the most critical problem 
because it may cause the loss of synchronization between the 
encoder and decoder for correct decoding. Compressed video 
streams are extremely vulnerable to transmission error due to 
the use of temporal predictive coding and variable length 
coding [3]. Thus, a single error bit in a video frame can lead to 
error propagation in subsequent frames. As shown in Fig. 1, 
when the current frame is lost, the error is temporally 
propagated in the next and following frames. 

Without modifying the source and channel coding schemes, 
error concealment (EC) at the decoder is an effective approach 
to cope with transmission error which has been widely 
investigated [4]. Some EC techniques exploit spatial 
correlation to conceal a missing block from neighboring pixels 
in the same frame [5]-[7]. Other EC techniques utilize the 
temporal correlation of video frames to replace missing blocks 
by the corresponding blocks in the reference frame [8]-[10]. 
Most existing EC algorithms assume that either a set of blocks 
in a video frame or a slice consisting of several consecutive 
blocks is lost. However, in low bit-rate video transmission, this 
assumption has been somewhat limited so far [11]. The reason 
is that, at a low bit-rate, each coded video frame is fairly small 
and is usually encapsulated in a channel packet for 
transmission through the network. The loss of the channel 
packet most likely leads to the loss of a whole video frame. As 
a consequence, the existing EC algorithms are not applicable. 

There have been several algorithms proposed for whole 
frame loss EC. In conventional whole frame EC methods, the  
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Fig. 1. Effects of error propagation on a video sequence when a
frame is lost. 
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next frame, that is, the first of the subsequent frames, is 
reconstructed after concealing the current lost frame. 
Bandyopadhyay and others [12] introduced frame copy (FC) 
and motion vector copy (MVC) methods for concealing the 
current lost frame. In the FC method, the lost frame is simply 
replaced by the previous frame without consideration of the 
motion between the previous and current frames. In the MVC 
method, the motion vectors (MVs) and reference indices of the 
co-located blocks in the previously decoded reference frame 
are copied to the current lost frame, and then the lost frame is 
reconstructed using these copied MVs. A more efficient 
algorithm proposed by Baccichet and others [13] exploits the 
hypothesis of optical flow estimation to improve the accuracy 
of estimated motion for the missing frame. This algorithm 
provides good EC performance in terms of peak signal-to-noise 
ratio (PSNR) and visual quality while requiring low 
computational complexity. 

In the previously mentioned algorithms, after concealing the 
current lost frame, the next frame is reconstructed by using the 
current concealed frame as its reference frame. However, the 
image quality of the next frame in those algorithms can be 
severely degraded since the concealed frame is not faithful 
enough to be used as the reference frame. In this case, errors can 
be strongly propagated from the next frame to the subsequent 
frames. To deal with this problem, we propose a novel whole 
frame EC algorithm that directly performs EC on the next frame 
instead of the current lost frame. In the proposed algorithm, we 
impose a constraint that uses side match distortion (SMD) and 
overlapped region difference (ORD) to re-estimate MVs for the 
next frame. SMD measures the spatial smoothness connection 
between a block and its neighboring blocks. ORD is defined as 
the difference between the correlated pixels which are predicted 
from one reference pixel. Experimental results show that the 
proposed algorithm effectively suppresses error propagation and 
significantly outperforms other conventional techniques in terms 
of PSNR performance and subjective visual quality. 

The rest of the paper is organized as follows. Section II 
describes the proposed algorithm in detail. Experimental results 

are discussed in section III. Finally, section IV concludes this 
paper. 

II. Proposed Frame Error Concealment Algorithm 

The proposed algorithm consists of two processing steps: 
backward projection and motion estimation (ME) using ORD 
and SMD. In the first step, backward projection is performed 
between the next and current frames. In the second step, the 
MV of each block in the next frame is re-estimated based on 
the smoothness measured across the boundaries of neighboring 
blocks and the difference between overlapped pixels in the 
overlapped regions which are obtained in the first step. Next, 
we describe each processing step in detail. 

1. Backward Projection 

Let fn-1, fn, and fn+1 denote the previous, current, and next 
frames, respectively, as shown in Fig. 1. Assume that fn-1 is the 
last correctly decoded frame, and fn is the lost frame caused by 
the transmission error. At the decoder, MVs of the previous and 
next frames are correctly received, while those of the current 
frame are lost. In conventional methods such as FC and MVC 
[12], fn is first reconstructed; then, fn+1 is reconstructed using the 
reconstructed frame of fn as its reference frame. However, in 
our proposed method, fn is reconstructed using the conventional 
methods, and fn+1 is directly reconstructed by using fn-1 as its 
reference frame instead of fn.  

Let 1
k
nB +  represent the k-th block in fn+1 and 1vk

n+  denote 
the 2-D vector which represents the MV of 1

k
nB + . Note that 

1vk
n+  is estimated between fn and fn+1 at the encoder and is 

correctly received for 1
k
nB +  at the decoder. Then, in the 

backward projection between fn+1 and fn, every block in fn+1 is 
mapped onto fn using their received MVs as shown in Fig. 2. In 
Fig. 2, four blocks in fn+1 are mapped onto fn using their MVs, 
such as 1vk

n+ , 1v p
n+ , 1vq

n+ , and 1vh
n+ . After performing the 

backward projection, each block in fn+1 has its own mapped 
block in fn and these mapped blocks can overlap one another. 
Figure 2 shows an example of overlapped regions between 
ˆ k

nB  and two blocks ˆ p
nB  and ˆ q

nB  in fn. Here, ˆ k
nB , ˆ p

nB , and 
ˆ q

nB  are the mapped blocks of 1
k
nB + , 1

p
nB + , and 1

q
nB + , 

respectively, in the backward projection. It is worth noting that 
ˆ k

nB , ˆ p
nB , and ˆ q

nB  are also the motion compensated blocks 
from which the inter-coded blocks 1,k

nB +  1,p
nB +  and 1

q
nB +  

are copied in the forward prediction between fn and fn+1. For 
each overlapped motion compensation region in ˆ k

nB , two 
regions named sibling regions are obtained in fn+1. These 
sibling regions contain sibling pixels which are predicted from 
the same reference pixels in the overlapped region. In Fig. 2,  
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Fig. 2. Backward projection between the next and current frames. 
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Fig. 3. Tree-structured diagram of an overlapped region and its
sibling regions. 
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,
1
k pOR  and ,

2
k qOR  are the overlapped motion compensation 

regions between ˆ k
nB  and ˆ p

nB  and between ˆ k
nB  and ˆ q

nB , 
respectively. In fn+1, 1

kSR  and 1
pSR  are the two sibling 

regions of ,
1
k pOR . In the backward projection between fn+1 and 

fn, 1
kSR  is overlapped with 1

pSR  at the position of ,
1
k pOR  

because these sibling regions contain the sibling pixels which 
are predicted from the same reference pixels in ,

1
k pOR . 

Similarly, 2
kSR  and 2

qSR  are the two sibling regions of 
,

2
k qOR . Figure 3 shows a tree-structured diagram that explains 

more details of the relation between an overlapped region and 
its corresponding sibling regions. In Fig. 3, ,k m

iOR  is the i-th 
overlapped region in ˆ k

nB  of the two sibling regions k
iSR  

and m
iSR . The three regions ,k

iSR  ,m
iSR  and ,k m

iOR  are 
the same size. In the proposed algorithm, for each overlapped 
region ,k m

iOR  in ˆ ,k
nB  we utilize ORD which measures the 

absolute differences between sibling pixels in the 
corresponding sibling regions k

iSR  and  m
iSR  as follows: 

 1 1
1

1 ˆ ˆORD ( ) ( ) ,x y
L

i n u n u
u

f f
L + +

=

= −∑           (1) 

where xu and yu represent the positions of the u-th sibling pixels 
in k

iSR  and m
iSR , respectively; 1

ˆ ( )xn uf +  represents the 
value of sibling pixel at the position xu; and L is the number of 
sibling pixels in k

iSR  or m
iSR . As shown in Fig. 3, 

1
ˆ ( )xn uf +  and 1

ˆ ( )yn uf +  are predicted from the same 
reference pixel fn(tu) in ,k m

iOR  and overlapped at the position 
of fn(tu) in the backward projection.  

Since several overlapped regions can be yielded in ˆ k
nB , the 

ORD measured for all of these overlapped regions is given by 

  
1

1ˆORD( ) ORD ,
N

k
n i

i

B
N =

= ∑             (2) 

where N is the number of overlapped regions in ˆ k
nB . When 

there is no overlapped region yielded in ˆ k
nB , the value of 

ˆORD( )k
nB  is assigned to zero. It should be noted that the 

value of ˆORD( )k
nB obtained in the backward projection 

between fn+1 and fn is always equal to zero since the sibling 
pixels in (1) are predicted from the same reference pixel in fn. 
In the proposed algorithm, this property of ORD has been 
employed as a constraint to reconstruct fn+1. In the next 
subsection, we describe in detail the constraint using ORD and 
the EC algorithm for fn+1. 

2. Motion Estimation Using ORD and SMD 

At the decoder, although the received MVs of fn+1 are utilized 
to obtain the ORD measurement for each mapped block in the 
backward projection as described in the previous subsection, 
these MVs cannot be employed to reconstruct fn+1 from fn 
because fn is lost. To deal with this problem, we estimate new 
MVs for all blocks in fn+1 so that fn+1 can be directly 
reconstructed by using the previous frame fn-1 as its reference 
frame instead of fn.  
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Fig. 4. Motion estimation for the next frame using the previous frame as the reference frame. 
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Figure 4 shows the ME scheme performed on the k-th block 

1
k
nB +  in fn+1. As shown in Fig. 4, 1

ˆ k
nB −  in fn-1 is a predicted 

block of 1
k
nB +  and the displacement vector v̂  between 

1
ˆ k

nB −  and 1
k
nB +  is one of the candidate MVs estimated for 

1
k
nB + . The goal of the ME scheme is to find an optimal MV 

among various candidate MVs estimated for 1
k
nB + . 

As described in the previous subsection, after performing the 
backward projection between fn+1 and fn, each block in fn+1 has 
its own mapped block in fn, and these mapped blocks can 
overlap one another. Without loss of generality, we assume that 
the mapped block ˆ k

nB  of 1
k
nB +  is overlapped with the 

mapped block ˆ m
nB  at the i-th overlapped region ,k m

iOR  in 
ˆ k

nB  as shown in Fig. 4.  Two sibling regions of , ,k m
iOR  

,k
iSR  and ,m

iSR  are located in 1
k
nB +  and 1,m

nB +   
respectively.  

For each v̂  in a given search range ℜ  as shown in Fig. 4, 
the value of the u-th sibling pixel in the sibling region k

iSR  is 
predicted from fn-1 by  

 1 1
ˆ ˆ( ) ( + ),x x vn u n uf f+ −=              (3) 

where fn-1(xu) denotes the pixel at the position xu in fn-1.  
Because blocks are decoded in raster scan order in fn+1, the 

value of sibling pixel 1
ˆ ( )yn uf +  in the sibling region m

iSR  is 
not available if the ME on 1

k
nB +  is performed before it is 

performed on 1
m
nB + . In this case, the value of 1

ˆ ( )yn uf +  is 
assigned by   

 1 1 1
ˆ ( ) ( + 2 ),y y vm
n u n u nf f+ − +=           (4) 

where 1vm
n+  is the MV which is estimated between fn and fn+1 

at the encoder and is correctly received for 1
m
nB +  at the 

decoder.  
Similarly, for the other overlapped regions in ˆ k

nB , we can 
obtain the values of sibling pixels in their corresponding sibling 
regions. Then, in the backward projection between fn+1 and fn, 
the value of ORD measured for all overlapped regions in ˆ k

nB   

 
is achieved by modifying (1) and (2) as follows: 

 1 1
1

1 ˆ ˆˆORD ( ) ( ) ( ) ,v x yi n u n u
u

L
f f

L + +
=

= −∑         (5) 

and  

 
1

1ˆ ˆ ˆORD( , ) ORD ( ).v vk
n i

i

N
B

N =

= ∑          (6) 

For each v̂  in the given search range, we can obtain the 
corresponding value of ˆ ˆORD( , )vk

nB  using (6). However, as 
mentioned in the previous subsection, the true value of 

ˆ ˆORD( , )vk
nB  obtained for ˆ k

nB  should be zero or the 
minimum value among various values of ˆ ˆORD( , ).vk

nB  
Therefore, among different candidate MVs, the MV that 
minimizes ˆ ˆORD( , )vk

nB  can be chosen as the best one 
estimated for 1

k
nB +  as  

 
ˆ

ˆ ˆarg min ORD( , ).
v

v vk
nB

∈ℜ
=              (7) 

In (7), ORD measurement has been utilized as a constraint to 
find out the MV estimated for 1

k
nB + . To further improve the 

accuracy of v, we employ an additional spatial smoothness 
constraint using SMD which measures the smoothness 
connection between 1

k
nB +  and its neighboring blocks. The 

spatial smoothness constraint using SMD has been 
successfully applied in a number of EC algorithms [9], [14]. In 
the proposed algorithm, this constraint is imposed on each v̂  
in ℜ  to obtain an optimal MV estimated for 1

k
nB + . 

Figure 5 shows the boundaries of 1
k
nB +  where SDM is to 

be imposed. In Fig. 5, 1
t
nB + , 1

b
nB + , 1

l
nB + , and 1

r
nB +  are the 

neighboring blocks of 1
k
nB +  to the top, bottom, left, and right, 

respectively. For each v̂ , SMD computes the absolute pixel 
differences between the predicted pixels in 1

k
nB +  and its 

neighboring blocks along the top, left, bottom, and right 
boundaries by 
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Fig. 5. SMD measurement along the boundary between a block
and its neighboring blocks. 
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 1 1 1
1

1 ˆ ˆˆ ˆSMD( , ) ( , ) ( ) ,v g v hk
n n p n p

p

P
B f f

P+ + +
=

= −∑      (8) 

where gp and hp represent the positions of the p-th pixel at the 
boundaries of block 1

k
nB +  and its neighboring blocks, 

respectively, and P is the number of boundary pixels. Note that 
the pixel values 1

ˆ ( )hn pf +  in the neighboring blocks should 
be available when the SMD is evaluated. Therefore, the 
proposed ME scheme is applied iteratively as discussed below. 

By minimizing the cost function of ˆ ˆORD( , )vk
nB  and 

1 ˆSMD( , ),vk
nB +  we can obtain the optimal MV estimated for 

1
k
nB +  as  

 opt 1ˆ
ˆ ˆ ˆarg min(ORD( , ) SMD( , )),

v
v v vk k

n nB Bα +∈ℜ
= +     (9) 

where α  is a weighting factor of the cost function of the 
ORD and SMD, 0α> . 

In (9), the computation of the SMD and ORD requires the 
pixel values in the neighboring blocks of 1

k
nB +  and in the 

sibling region m
iSR  in 1

m
nB + . In addition, the ME of 1

k
nB +  is 

affected by that of the neighboring blocks and 1
m
nB + . Therefore, 

the minimization of the ORD and SMD in (9) is iteratively 
applied to obtain a reliable MV estimated for 1

k
nB +  as 

follows:  

• MV scaling (MVS): In this stage, the received MVs of fn+1 
are multiplied by 2. Then, based on these scaled MVs, the pixel 
values of fn+1 are initially assigned using (4). 

• In the first ME iteration: Since blocks are decoded in raster 
scan order in fn+1, the pixel values in the sibling region m

iSR  
are not available if the ME on 1

k
nB +  is performed before that 

on 1
m
nB + . In this case, the initial pixel values which are 

obtained in the MVS for 1
m
nB +  are assigned to the pixels in 

m
iSR  to compute the ORD. Also, the pixel values in the 

bottom and right blocks of 1
k
nB +  are not available in the first 

ME. Then, the computation of SMD in (8) for four block 

boundaries is reduced to that of two boundaries which include 
only the top and left boundary pixels.  

• In the t-th ME iteration ( 2)t ≥ : Since the MVs of 1
m
nB + , 

1
r
nB + , and 1

b
nB +  are certainly determined in the (t-1)th ME, 

the reconstructed pixel values of these blocks in the (t-1)th 
reconstruction are employed to compute the ORD and SMD in 
the t-th ME. 

The minimization of the ORD and SMD in (9) is iteratively 
applied until a satisfactory result is obtained. Experiment 
results confirm that the proposed algorithm provides good 
performance when α  is about 0.75, and the performance is 
not very sensitive to the variation of α . Therefore, in this 
work, α  is fixed to 0.75. 

III. Experiment Results 

The proposed algorithm was tested on several video 
sequences including the Foreman, Table Tennis, Mobile, and 
Stefan sequences. These test sequences are in 4:2:0 format with 
CIF (352×288) resolution. JM 12.2 which is H.264/AVC 
reference software [15] was utilized to implement the proposed 
algorithm. For all experiments, ME was carried out at a 
quarter-pixel resolution with the search range of ± 16 for both 
horizontal and vertical directions. We also configured the test 
video sequences to use the group of pictures (GOP) structure to 
effectively stop error propagation; specifically, GOPs of 30 
frames were formed. The number of reference frames was set 
to 1 for default settings. This means that only the previous 
frame is employed for temporal prediction. This setting is 
necessary when the decoder memory is limited and low 
encoding complexity is required. The slice mode was not used, 
so one complete frame could be encapsulated into each 
network packet. When only one MV per macroblock (MB) is 
used, the size of a block unit utilized in the proposed algorithm 
is equal to 16×16. However, in the H.264/AVC standard, since 
a 16×16 MB can be partitioned into smaller sub-blocks with 
their own MVs and sizes such as 16×8, 4×8, or 4×4 [16], each 
MB can be associated with more than one MV. In this case, the 
size of the block unit is reduced to 4×4 so that MVs of all sub-
blocks in an MB can be estimated in the proposed algorithm. In 
our experiments, quantization parameters (QPs) were set to 25, 
30, and 35 for each test sequence. The packets were randomly 
dropped according to the predefined packet loss rate (PLR). 
The values of PLR were simulated from 5% to 10% since 
these are typical values in wireless environments [17].  

First, we evaluated the impact of iteration numbers on the 
PSNR performance of the next frames concealed by the 
proposed algorithm. The PSNR performance of the next 
frames obtained in the MVS corresponding to the number of  
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Fig. 6. Impact of the number of iterations on the performance of
the proposed algorithm. 
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iterations t=0 was also evaluated. As described in the previous 
section, in the MVS, based on the scaled MVs, the next frame 
is initially reconstructed from the previous frame without using 
the ORD and SMD constraints. Figure 6 shows the average 
PSNR of the concealed frames according to different numbers 
of iterations. For various test sequences, when the number of 
iterations is equal or higher than 3, the absolute difference 
between the PSNR performance at the (t+1)th iteration and that 
at the t-th iteration is very small and generally smaller than 0.1 
dB 1 th( 0.1)t tPSNR PSNR PSNR+ − <Δ = . This means that 
given a predefined threshold th 0.1PSNRΔ =  dB, the 
proposed algorithm is converged when 3t ≥ . In this work, to 
reduce the computational complexity, we chose t=3 as the 
number of iterations after which to stop iterative loops to 
reconstruct the next frame. The experimental results obtained 
for the proposed algorithm at the third iteration are utilized in 
this paper to compare the performance of the proposed 
algorithm with that of other EC methods.   

Next, to evaluate the effectiveness of the proposed algorithm, 
we compare the performance of the proposed algorithm with 
that of the MVS and two conventional methods, namely, the 
FC method supported by JM [15] and the concealment 
algorithm on blocks (CAB) method [13]. In the FC method, 
MVs of all MBs in the lost frame are set to zero. Although the 
CAB method uses the optical flow concept for the EC 
algorithm on pixels (CAP) in [18], it works at the block level 
instead of the pixel level to meet the requirement of real-time 
applications. The current lost frame in the FC and CAB 
methods is first concealed, and then the next frame is 
reconstructed by using the current concealed frame as its 
reference frame. However, in our proposed algorithm, the 
current lost frame is concealed using the CAB method, but the 
next frame is directly reconstructed by using the previous 
frame as its reference frame. 

For objective evaluation, we compare the PSNR  

Table 1. Comparison of the average PSNR performance with 
5% PLR on the Table Tennis and Stefan sequences. (dB)

Sequence QP FC CAB MVS Proposed

25 29.02 29.17 31.11 32.08 

30 27.21 27.43 28.75 29.86 
Table 
Tennis 

35 24.30 25.14 26.68 27.73 

25 27.26 28.37 30.25 31.42 

30 26.01 27.03 28.62 29.90 Stefan 

35 23.25 25.32 26.87 27.80 

Table 2. Comparison of the average PSNR performance with 
10% PLR on the Foreman and Mobile sequences.   (dB)

Sequence QP FC CAB MVS Proposed

25 31.73 31.51 33.05 33.93 

30 29.57 29.21 30.32 31.15 Foreman

35 26.63 26.82 28.43 29.27 

25 19.14 22.49 24.31 25.26 

30 18.22 20.84 22.37 23.19 Mobile

35 17.40 19.72 21.80 22.51 

 

performance of the frames which are concealed by the FC, 
CAB, and the proposed algorithm. Tables 1 and 2 summarize 
the average PSNR with various PLRs and QPs of the 
conventional and proposed algorithms. When calculating the 
average PSNR, we consider all frames of the test sequences, 
including the concealed frames and their subsequent frames 
deteriorated by error propagation. As shown in Tables 1 and 2, 
the proposed algorithm consistently provides better 
performance than the FC and CAB methods. For example, as 
shown in Table 1, the proposed algorithm provides up to    
4.1 dB and 3.0 dB gains as compared with the FC and CAB 

methods, respectively, for the Stefan sequence when QP=25 
and PLR= 5%. The effectiveness of the proposed algorithm 
can be observed by comparing the improvement in the PSNR 
performance of the proposed algorithm with that of the MVS.  

As reported in Table 1, the proposed algorithm provides 
effectively higher gains as compared with MVS. The gain is 
smaller for the Foreman sequence. However, as shown in Table 
2, the smallest gain obtained by the proposed algorithm is   
0.8 dB compared with that of MVS and 1.9 dB compared with 
that of the CAB method. 

Figure 7 shows more details of the PSNR performance at each 
frame in the Table Tennis and Stefan sequences. In Fig. 7, the 
Table Tennis sequence is corrupted at the 13th, 43rd, and 66th 
frames, and the Stefan sequence is corrupted at the 12th, 39th, 
and 68th frames. The PSNR performance at the next frame  
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Fig. 7. Comparison of the PSNR performance with QP 25 and 5% PLR on (a) Table Tennis and (b) Stefan sequences. 
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Fig. 8. Comparison of the PSNR performance with QP 25 and 10% PLR on (a) Foreman and (b) Mobile sequences. 
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represents the error concealment ability of different EC 
methods, while the PSNRs of the following frames in the same 
GOP show the effects of the error propagation. For all 
concealed and error propagated frames, the proposed algorithm 
provides up to 2 dB to 4 dB better PSNR performance as 
compared with the conventional methods. Furthermore, as 
shown in Fig. 7, since the next frame is effectively concealed, 
the effects of error propagation on the subsequent frames are 
effectively suppressed in the proposed algorithm as compared 
with FC, CAB, and MVS, allowing high PSNR performance to 
be maintained. 

Similar results are obtained for the Foreman and Mobile 
sequences, where the proposed algorithm outperforms 
conventional methods by several decibels in PSNR. This can  

 

Fig. 9. Original images: (a) Foreman and (b) Stefan. 

(a) (b) 

 
 
be observed in the next frame and the subsequent frames of the 
Foreman and Mobile sequences as shown in Fig. 8. For example, 
in the 9th reconstructed frame of the Mobile sequence,  
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Fig. 10. Comparison of the visual quality for the 23rd concealed
frame of the Foreman sequence: (a) FC, (b) CAB, (c) 
MVS, and (d) proposed. The bottom row shows the error
images between the correctly decoded frame and the
concealed frames: (e) FC, (f) CAB, (g) MVS, and (h)
proposed. 
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Fig. 11. Comparison of the error propagation effect on the 24th
reconstructed frame of the Stefan sequence: (a) FC, (b)
CAB, (c) MVS, and (d) proposed. 
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the gain is up to 6.2 dB for the proposed algorithm as 
compared with the CAB method. 

The proposed algorithm also introduces better subjective 
visual quality than conventional methods. When the 22nd 
frame is lost, the concealed results of the next frame at the 
position of the 23rd frame in the Foreman sequence with FC, 
CAB, MVS, and the proposed algorithm are shown in Figs. 
10(a)-(d). Error images in Figs. 10(e)-(h) show the differences 
between the correctly decoded frame and the frames concealed 
by FC, CAB, MVS, and the proposed algorithm, respectively.  

In Figs. 10 (a) and (b), the performance of the FC and CAB 
methods are critically degraded due to annoying blocking 
artifacts seen around the face of the foreman. Therefore, the FC 

and CAB methods introduce many error areas in the concealed 
frames as shown in Figs. 10(e) and (f). In Figs. 10(c) and (g), the 
scaled MVs obtained in MVS introduce a good image quality 
for the areas on the wall behind the foreman. However, for the 
areas around the face and the hat of the foreman, these scaled 
MVs need to be refined to achieve more satisfactory results. As 
seen in Figs. 10(d) and (h), with the use of the ORD and SMD 
constraints, the proposed algorithm yields the most satisfactory 
image quality with significant reduction in blocking artifacts. 

To compare the effects of error propagation after performing 
different ECs, we show the 24th frame of the Stefan sequence in 
Fig. 11. When the 12th frame is damaged and concealed by 
different EC methods, the subsequent frames, including the 24th 
frame, are degraded by error propagation. As shown in the 
zoomed images in Figs. 11(a) and (b), the pixel values around the 
right hand of the tennis player are undesirably inverted from black 
to white in the FC and CAB methods. Furthermore, in the 
conventional methods, the natural smoothness of video frames is 
severely degraded due to the large area of blocking artifacts in the 
reconstructed frame. In Fig. 11(c), although the effects of error 
propagation are reduced in MVS as compared with the 
conventional methods, the incorrect reconstruction around the 
head and legs of the tennis player still remains. On the contrary, in 
the 3rd iteration of the proposed algorithm, since the next frame 
after the 12th frame is faithfully reconstructed, the concealment 
error and blocking artifacts propagated from this frame to the 
subsequent frames are effectively alleviated to provide a smooth 
and visually pleasant image quality as shown in Fig. 11(d). 

IV. Conclusion 

In this paper, we have proposed a novel whole frame EC 
algorithm that directly performs EC on the next frame instead 
of the current lost frame. In the proposed algorithm, a new 
concept of ORD which measures the difference between the 
sibling pixels in sibling regions was introduced and used as the 
effective constraint in the ME scheme for next frame 
concealment. To further improve the accuracy of the ME 
scheme, the spatial smoothness constraint based on the SMD 
measure is also employed in the proposed algorithm. Since the 
iterative processes are required to conceal the next frame, the 
proposed algorithm introduces relatively higher computational 
complexity than other EC methods. However, experimental 
results show that the proposed algorithm consistently provides 
better image quality than conventional methods in terms of 
both objective and subjective visual quality. 
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