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Abstract—As networking technologies advance, video 

transmitted over internet is very common nowadays. However, 

error-prone channel generally causes packet loss and thus affects 

the visual quality of reconstructed frames significantly. One 

popular approach to deal with the problem is error concealment 

since no burden on bandwidth is loaded. In this paper, an error 

concealment approach based on grey polynomial interpolation is 

proposed. The approach utilizes two available frames, before and 

after the error frame, to conceal the errors due to packet loss. 

Simulation results through H.264 JM12 indicate that the 

proposed approach has better performance than error 

concealment schemes in H.264 and boundary matching algorithm, 

both in PSNR and visual quality 

Keywords—grey polynomial interpolation, error concealment, 

H.264 

I. Introduction  

With the advance of networking technologies, video 
transmission over the internet by packets has been widely 
applied recently, such as video conferencing and digital TV. 
For better bandwidth utilization, video coding standards have 
been developed. Some of them have been applied successfully 
in many related fields, like H.261 [1], H263 [2], H.264 [3], 
MPEG-1 [4], MPEG-2 [5], and MPEG-4 [6]. The coding 
performance of those standards is satisfied in general. 
However, the visual quality of decoded frames is affected 
significantly when packet loss happens. Packet loss is a result 
of error-prone channel. To deal with the problem of packet 
loss, several types of approaches have been reported recently. 
One of them was FEC (Forward Error Correction) where some 
redundancy is embedded and thus extra bandwidth is required 
[7]. In [8], ARQ (Automatic Retransmission Request) scheme 
was presented where retransmission is used and thus delay 
occurs and bandwidth utilization reduces. The third type of 
approaches is error concealment (EC). EC is a popular 
solution for the problem of packet loss since no extra 
bandwidth or retransmission is needed. 

In general, EC utilizes the redundancy in temporal and/or 
spatial domain to recover error blocks caused by pocket loss. 
By using different redundancy, EC can be classified as spatial 
EC, temporal EC, and hybrid EC. References [13-14] are types 
of spatial EC where spatial interpolation was used. Generally 
speaking, the spatial EC is less intensive in computation since 
it uses pixels adjacent to error blocks. However, it is good for 

uniform-like blocks only. Otherwise, unclear recovered blocks 
will be resulted. For temporal EC, adjacent available frames 
are employed and thus computational complexity is much 
higher than the spatial EC. However, the quality of recovered 
blocks is much higher than that from spatial EC as well. Two 
temporal EC are presented in [15-16] where boundary 
matching scheme or estimated motion vector were involved. 
As for the hybrid EC, it combines spatial EC and temporal EC. 
References [17-18] are two examples where a mechanism was 
devised for mode selection.  

In this paper, a temporal EC approach based on grey 
polynomial interpolation (GPI) [9] is presented and called 
TEC/GPI. In the TEC/GPI, the following stages are involved. 
First, error blocks caused by packet loss are detected. Then, 
find reference blocks in adjacent frames for concealment 
through boundary matching algorithm (BMA). Finally, 
estimated blocks are obtained by the GPI. By replacing error 
blocks with estimated blocks, error concealment is completed. 
This paper is organized as follows. Section II. briefly reviews 
the GPI in [9]. Then the proposed TEC/GPI is introduced in 
Section III. Simulation results are provided in Section IV. And 
conclusion is made in Section V. 

II. Review of the GPI 

In the modeling of grey systems, the first-order 
accumulated generating operation (1-AGO) is a preprocessing 
scheme to reduce the randomness in a given data set. For 
better accuracy, the grey polynomial interpolation (GPI) was 
reported in [9]. In the GPI, four stages are involved: the 1-
AGO, the conventional one-dimensional polynomial 
interpolation, the inverse 1-AGO (1-IAGO), and an   filter. 

In [9], the GPI was applied to image enlargement which is a 
spatial interpolation. In this paper, the GPI will be used to 
estimate error blocks with two appropriate frames before and 
after the current frame in process. Thus, the GPI is considered 
as temporal interpolation. Since it is the first-order GPI will be 
used later in the proposed approach, thus only the first-order 
GPI is reviewed in the following. 

Given two data  21 ,  )(  kkx , obtain the 

preprocessed data by the 1-AGO as 
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Let )()1( kx  be of the first-order polynomial model as 

      01
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Substitute 21  k  into Eq. (2), we get the model as below 

Eq. (3)  
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Then from the Eq. (3) model, we solve 1c  and 2c  

substitute back to Eq. (2) to find the polynomial model.  

With the Eq.(2) model if k>2, into Substitute 21  k ,  

calculated the interpolated value by taking from 1-IAGO as 

2/11  and find 1/2)1()1( x . 

Next, find the interpolated value )2/11(ˆ x  as 

 2)]1(ˆ)2/11([)2/11(ˆ )1()1(  xxx              (4) 

Last, apply   filter to )2/11(ˆ x  and obtain the final 

)2/11(ˆ x  as 

)2/11(ˆ)1()1(ˆ)2/11(ˆ  xxx               (5) 

where 10  . 

Note that in EC the GPI is a spatial interpolator when data 

)1(x and )2(x are adjacent pixels in the same frame and a 

temporal interpolator when )1(x and )2(x  come from 

different frames. 

III. The Proposed TEC/GPI 

This section introduces the proposed TEC/GPI which 
consists of three subsections. In Section 3.1, the detection of 
error blocks is described. Section 3.2 gives the details of BMA 
and finally the implementation steps of TEC/GPI are given in 
sub-Section. 

A. Error block detection 

The error block detection algorithm introduced here is 
based on the following observation. In a H.264 codec, error 
blocks in decoded frames of RGB color space are generally of 
higher value in G-component than those in R- and B- 
components. With the observation, the error detection is given 
as follows. 

Assume 
n

F  be the current frame in process where 

subscript n denotes as the ordering number in a buffer of 

frames. And ),( jiFn  are pixels in 
n

F . Divide 
n

F  into 16×16 

macro blocks (MB) and denote as 
mn ,

B  where subscript m 

stands for the mth MB in 
n

F  and ),(
,

lkB
mn

 are pixels in 
mn ,

B . 

With the notations, the error block detection is described in the 
following. 

Step 1. Check the values of R-, G-, and B- components in 

),(
,

lkB
mn

if it satisfies 0and135and0  BGR . If 

yes, set the flag 1=
,mn

I  to indicate 
mn ,

B  is an error 

block. 

Step 2. Repeat Step 1 till all blocks in the buffer of frames 

are processed. 

B. Boundary matching algorithm 

By the error blocks found in Section 3.1, the boundary 
matching algorithm (BMA) is described here to find 
appropriate blocks available from frames before and after the 
current frame. There are two stages involved in BMA: 
determination of search regions and search for optimal 
reference blocks to be used in the estimation of error blocks. 
Those two stages are described in Sub-Section1. and Sub-
Section 2. respectively. 

1) Determination of search region 

Denote the current error frame as 
n

F . Consider 
n

F  as a 

reference frame. Then search available frames before and after 

n
F  for error concealment. Let 

p
d  and 

b
d  be the distances 

from available preceding and following frames to 
n

F , 

respectively. The way to determine search region is given as 

below.  

Step 1. Initialize 
p

d  and 
b

d  to 1, that is, searching available 

frames from frames next to 
n

F . 

Step 2. By the location of error blocks, expand the size to 

33  blocks and in the expanded area check if there 

no error block exists. If yes, then mark the area as 

search region which is then denoted as 
pdn-

SR . 

Otherwise, 1+←
pp

dd  and repeat the procedure till 

research region is found. 

Step 3. Similarly, a search region is determined in the 

following frames and the resulted search region 

denoted as 
bn+d

SR . 

The determination of search region block depicted in Fig. 1 

searching 

available frames

 Check 3x3 

error blocks 

Determined 

search region
bn dFnF

Fig. 1 The block diagram for the search region block 
2) Search for optimal reference blocks 

With the search regions found in Sub-Section 1. , the 

optimal reference blocks in the sense of minimum mean 

square error (MMSE) are found. The optimal reference blocks 

will be used for estimation of error blocks later. Denote four 

adjacent areas of error block as 
T

N , 
B

N , 
L

N , 
R

N  where 

subscripts T, B, L, R stand for top, bottom, left, and right, 

respectively. Each adjacent area has size KL×  or LK × . 

Besides, denote the coordinate in search region as ),(
yx

pp  

and the upper-left coordinate of error block 
mn ,

B  as ),(
00

yx . 

Initialize ),(
yx

pp  as )0 ,0( . Then the steps to find the optimal 

reference block based on MMSE is described as follows. 

Step 1. In the frame 
pdn-

F , calculate mean square error (MSE) 

for error block 
mn ,

B , with a given coordinate  

),(
yx

pp  in 
pdn-

SR , for TN , BN , LN , and RN  as 



                   

below: 
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Step 2. Check if adjacent blocks of 
mn ,

B  is an error block or 

not. If yes, neglect the corresponding square errors 

calculated in Step 1. 

Step 3. Find the total MSE as 

 

(10) 

 

Step 4. Repeat Step 1 to Step 3 to find ),(
yx

ppMSE  for each 

coordinate ),(
yx

pp  in the search region 
pdn-

SR . 

Step 5. Find the minimum of ),(
yx

ppMSE  whose coordinate 

),(
yx

pp  is the upper-left coordinate of optimal 

reference block 
pdn-

B  

Step 6. Similarly, find the optimal reference block of 
bdn+

B  

in the frame 
bdn+

F . 

The find the optimal reference block based on MMSE is 
depicted in Fig. 2 

calculate   

error block 

Check adjacent 

error block

Find  minimum 

MSE block
bn dF- pn dF Find optimal 

reference block

 Fig. 2 The block diagram for the optimal reference block 

 

C. Implementation steps 

The proposed temporal error concealment approach based 
on the GPI is introduced in this section which is abbreviated as 

TEC/GPI. With optimal reference blocks 
pdn-

B  and 
bdn+

B , the 

error block 
mn  ,

B  is estimated by the GPI. The implementation 

steps for the TEC/GPI are described in the following. 

Step 1. Let }),( , ),({=
+-

jiBjiB
bdnpdn

x  be the input to the GPI 

where ),(
-

jiB
pdn

 and ),(
+

jiB
bdn

 are elements of 

pdn-
B  and 

bdn+
B , respectively. 

Step 2. By the GPI described in Section II, the estimated 

pixel ),(ˆ
,

lkB
mn

 is found. 

Step 3. Replace ),(ˆ
,

lkB
mn

 with ),(
,

lkB
mn

. 

Step 4. Repeat Step 1 and Step 2 till all pixels in 
mn  ,

B  are 

processed. 

 

IV. RESULTS and Discussion 

In the section, two examples are provided to justify the 
proposed TEC/GPI. Besides, the TEC/GPI is compared with 
the EC scheme in H.264 [10-11] and the BMA described in 
Sub-Section B under III.  where the error block is replaced 

with 
pdn-

B . 

In the simulation, H.264 JM12 [12] is used whose settings 
are baseline, I-frame only, sampling format 4:2:0, quantization 
parameter is 30. The given examples are News and Mobile. 
Both are of size 288×352  and frame rate is 30 frames/sec. In 

the simulation, packet loss rates are set at 1%, 3%, 5%, and 
10%. And 12 frames are kept in the buffer. The parameter 

5.0=α  in the GPI is used. To find optimal reference blocks 

for error concealment, parameters L and K in Section 3.2.2 are 
set as 16 and 4, respectively.  

During the simulation, H.264 JM12 performs encoding, 
packetization, and then emulating packet loss with different 
rates. Also, H.264 JM12 reconstructs the frames. To evaluate 
the performance, the PSNR (Peak Signal-to-Noise Ratio) is 
used as objective assessment which is defined as 

)dB(    
255

log10=

2

10 MSE
PSNR                                        (10) 
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1
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where ),( jiO  and ),(ˆ jiO  are elements of original frame 

and reconstructed frame, respectively. Also, subjective visual 

quality is considered as another assessment to justify the 

performance of error concealment.  

For convenience, only the first 90 frames of News and 

Mobile are used in the simulation. Table 1 indicates the 

average PSNR for both videos with different packet loss rates: 

1%, 3%, 5%, 7% and 10%, where No EC means no error 

concealment is applied. Table 1 indicates that the proposed 

TEC/GPI has best average PSNR among the compared 

approaches. Besides, the degradation of average PSNR for the 

TEC/GPI is generally lower than other compared schemes, as 

packet loss rate increases. By Table 1, the performance 

ranking in terms of average PSNR from high to low is the 

TEC/GPI, the BMA, the H.264, and No EC. 
Figure 3 shows the PSNR for frame PSNR for difference 

packet lost rate and approaches are No EC, H.264, BMA, and 
the TEC/GPI while Figure 4 depicted in the PSNR for frame 
74 in News with 5% pack loss rate. As shown in Figures 3 and 
4, the proposed TEC/GPI has flattest curve and thus better 
visual quality of error concealed video is achieved than the 
compared approaches. This is true three for 5%, 7% and 10% 
cases. This is verified in the following. 

To compare subjective visual quality assessment, some 
error concealed frames are randomly selected to show the 
performance of error concealment. The error concealed frame 
74 in News for the compared approaches are shown in Figure 
4 where packet loss rate is 5%. In Figure 5, and Figure 6, the 
error concealed frame 37 in Mobile and frame 72 in Stefan 
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from all compared approaches are given where packet loss rate 
are 7% and 10%.  

From the error concealed frames shown in Figures 5 and 6, 
it is noticed that the recovered blocks through the error 
concealment in H.264 look vague because the spatial error 
concealment is applied for the cases. As for the BMA, the 
results seem satisfactory. However, one will find problems 
when looking at details. 

For example, the female dancer’s leg is broken as shown in 
marked area of Figure 5 while the shape of right-bottom side 
of calendar is the date not clean in the marked area. As shown 
in Figure 5 and 6, the proposed TEC/GPI approach 
outperforms the scheme in H.264 and the BMA, as expected.  

To sum up, the performance of error concealment ranking 
from high to low is the TEC/GPI, the BMA, H.264, and No 
EC both in objective PSNR assessment and objective visual 
quality assessment. 

V. CONSULSION 

This paper presented a temporal error concealment 
approach based on grey polynomial interpolation (GPI) which 
was called the TEC/GPI. In the TEC/GPI, optimal reference 
blocks were found first. Then with the optimal reference 
blocks estimated blocks were obtained by the GPI and were 
used to replace error blocks. With H.264 JM12, two video files, 
News and Mobile, were provided as examples to justify the 
proposed TEC/GPI. Besides, the proposed TEC/GPI was 
compared with the error concealment scheme in H.264 and the 
BMA. With packet loss rates 1%, 3%, 5%, and 10%, the 
proposed TEC/GPI outperforms the compared approaches 
both in average PSNR and visual quality. The results suggest 
that there is a good hope to apply the proposed TEC/GPI in 
more complicated real-world applications. 
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Table 1. Comparison of average PSNR with different packet loss rates 

 Packet loss rate 

 

PSNR(dB) 

1% 3% 5% 7% 10% 

No EC 25.66 21.89 19.00 16.68 14.91 
H.264 30.39 28.86 27.77 26.39 25.10 
BMA 30.47 29.20 28.00 26.45 25.23 

TEC/GPI 30.91 30.12 29.29 28.20 27.12 
 

 
Figure 3.  The frame PSNR for different packet lost rate and approaches  

 

     
(a)                            (b)                             (c) 

   
   (d)                           (e) 

Figure 4.  Error concealed frames by different approaches (News, frame 74, packet loss 5%) 
(a) Original frame (b) Error frame (c) H.264-EC (d) BMA (e) TEC/GPI 



                   

 

     
         (a)                          (b)                                   (c) 

   
           (d)           (e) 

Figure 5.  Error concealed frames by different approaches (Mobile, frame 37, packet loss 7%) 
(a) Original frame (b) Error frame (c) H.264-EC (d) BMA (e) TEC/GPI 

 

     
(a)                            (b)                             (c) 

   
           (d)                           (e) 

Figure 6.  Error concealed frames by different approaches (Stefan, frame 72, packet loss 10%) 
(a) Original frame (b) Error frame (c) H.264-EC (d) BMA (e) TEC/GPI 

 


