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Abstract:    Although H.264 video coding standard provides several error resilience tools, the damage caused by error propagation 
may still be tremendous. This work is aimed at developing a robust and standard-compliant error resilient coding scheme for H.264 
and uses techniques of mode decision, data hiding, and error concealment to reduce the damage from error propagation. This paper 
proposes a system with two error resilience techniques that can improve the robustness of H.264 in noisy channels. The first 
technique is Nearest Neighbor motion compensated Error Concealment (NNEC) that chooses the nearest neighbors in the refer-
ence frames for error concealment. The second technique is Distortion Estimated Mode Decision (DEMD) that selects an optimal 
mode based on stochastically distorted frames. Observed simulation results showed that the rate-distortion performances of the 
proposed algorithms are better than those of the compared algorithms. 
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INTRODUCTION 
 

With the relatively high error rate of wireless 
networks, error resilience is extremely important for 
video coding. H.264 utilizes complicated predictions 
in temporal and spatial domains to enhance the coding 
efficiency, such as the directional prediction in intra 
coding, variable block size, multiple reference picture, 
and quarter-pixel-accurate motion compensation in 
inter coding. More efficient variable length code 
(VLC), in-loop de-blocking filter and no-mismatch 
integer transform are included in the standard to im-
prove the video quality (Wiegand et al., 2003). 
However, such predictions may cause serious error 
propagation effects because some of these techniques 
are inherently sensitive to transmission errors. Due to 
the use of intra prediction, errors may spread from 
neighboring causal macroblocks (MBs) to the inner 

sub-blocks of the current MB. With the multiple- 
reference-frame prediction, variable-block-size motion 
estimation, and sub-pixel generation, the error may be 
broadcast from preceding frames directly or indirectly 
and also propagate from the neighboring MBs. In ad-
dition, because of the use of VLC, erroneous com-
pressed data usually cannot be correctly decoded until 
the next resynchronization point. Furthermore, as a 
result of using de-blocking filter, errors may also dif-
fuse from adjacent MBs (Stockhammer et al., 2003). 

To combat these problems, H.264 provides 
many error resilient tools such as parameter sets, data 
partition, redundant slices, flexible macroblock or-
dering (FMO), etc. FMO alters the way how pictures 
are partitioned into slices and MBs by employing the 
concept of slice groups. Every slice group consists of 
one or more slices and a slice is a sequence of MBs. 
When using FMO, a picture can be split into many 
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MB scanning patterns such as interleaved slices. 
Redundant Slice (RS) allows the encoder to place, in 
addition to the coded MBs of the slice itself, one or 
more redundant representations of the same MBs into 
the same bit stream. RS is useful in that the redundant 
representation can be coded using different coding 
parameters, such as QP or reference frame index. The 
parameter set contains information that is expected to 
rarely change and enable decoding of a large number 
of VCL NAL units (Wenger, 2003). 

Unfortunately, the error propagation effect still 
cannot be entirely eliminated by using the above tools. 
More research works on error resilience are still in 
progress. The error resilient encoding approach selects 
intra coded MBs in random or certain update pattern. 
A typical work (Wiegand and Girod, 2001) considers 
the use of Lagrangian optimized mode decision when 
assigning intra MBs with significant improvements in 
the rate-distortion performance. A rate-distortion op-
timization approach for H.26L video coding in packet 
loss environment is analytically investigated by 
Stockhammer et al.(2002). By averaging over several 
decoders with different channel statistics, the expected 
MB distortions of decoders are calculated at the en-
coder and the optimized mode is selected accordingly. 
An error resilient coding scheme based on data em-
bedding is proposed by Kang and Leou (2005), in 
which a relatively large volume of important data 
useful for error concealment are embedded before-
hand into video frames at the encoder. The conceal-
ment result is satisfactory but 15 error concealment 
schemes for an MB must be pre-evaluated at the en-
coder. Even so, the error propagation effect still exists. 

Our goal is to develop a robust and standard- 
compliant error resilient coding scheme for H.264 
without a feedback channel. It utilizes techniques of 
mode decision, data hiding, and error concealment to 
reduce the damage from error propagation. This paper 
is organized as follows. The details of the two pro-
posed algorithms, Nearest Neighbor motion com-
pensated Error Concealment (NNEC) and Distortion 
Estimated Mode Decision (DEMD), are described in 
the next two sections, respectively. Simulation results 
and comparisons of the proposed algorithms are given 
in Section 4, and at last, this research work is con-
cluded in Section 5. 

 

NEAREST NEIGHBOR ERROR CONCEALMENT 
(NNEC) 
 

The first technique is Nearest Neighbor Error 
Concealment (NNEC) that performs motion com-
pensated error concealment with a better estimation 
of motion information. It utilizes a data hiding tech-
nique to embed the index code of important informa-
tion about the most similar neighboring block into the 
bit stream, presumably the next slice. The hiding 
information includes the coding mode of current MB, 
and its corresponding nearest neighboring 8×8 blocks 
with the most similar motion vectors and reference 
frames. 

The determination of the nearest neighbors for 
each MB is shown in Fig.1. To simplify the compu-
tation, only the modes with block size larger than or 
equal to 8×8 are considered. Depending on the mode 
of an MB, the number of motion vectors and the 
number of candidates for each MB are different. For 
instance, a 16×16 mode has a set of motion vectors 
chosen from 8 neighbors that can be represented by 3 
bits, while a 16×8 mode has two sets of motion vec-
tors chosen from 4 neighbors each of which can be 
represented by 2 bits. The detailed bit assignment of 
the nearest neighbor that utilizes the principle of 
Huffman coding is shown in Fig.2. No more than 7 
bits are needed to represent the nearest neighbors for 
each MB in terms of the coding mode and motion 
information. 
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 Fig.1  Nearest neighbor determination for each
MB (shaded area) 

 Coding mode MV & Ref Total bits 

Skip 2 (00) 0 2 
16×16 2 (01) 3 (xxx) 5 
16×8      3 (100) 4 (xx xx) 7 

   8×16   3 (101) 4 (xx xx) 7 
 8×8   3 (110) 4 (x x x x) 7 
Other   3 (111) 0 3 

(x) represents the embedded bit, x is 0 or 1 

Fig.2  Huffman coding of NNEC information 
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The next problem is how to deliver the NNEC 
information to the receiving end. In this work, a data 
hiding method is used. We embed each code bit into 
one quantized residual DCT coefficient by adjusting 
the coefficient checksum in a 4×4 DCT block (Chang 
et al., 2001) to satisfy the rule in Eq.(1). 
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LEVELi is the quantized value of the ith coeffi-

cient and M is an arbitrary integer. By forcing the 
checksum to be 0 or 1, one bit information can be 
embedded and extracted successfully. 

Once the decoder does not receive the correct 
MB data including its motion vectors, it can use the 
nearest neighboring blocks with the index codes ex-
tracted from the bit steam to perform much more 
accurate error concealment than the conventional 
error concealment, like the one used in JM 9.4. By 
comparing the maximum amount of required hiding 
bits per MB, NNEC is only 7 bits while that in (Kang 
and Leou, 2005) is 48 bits. Obviously, the NNEC 
results in less degradation in the rate-distortion per-
formance from data embedding, and requires rela-
tively low implementation complexity as well. 

 
 

DISTORTION ESTIMATED MODE DECISION 
(DEMD) 
 

The second technique is Distortion Estimated 
Mode Decision (DEMD). The overall pixel distortion 
of the reconstruction frame at the decoding side in-
cludes the quantization error, concealment error, and 
propagation error. In DEMD method, the encoder 
estimates the decoder distortion by calculating and 
storing expected pixel mean and variance values 
frame-by-frame for a given packet error rate. It is 
assumed that each slice will not be packetized into 
more than one packet, i.e., each data slice can be 
decoded independently except by referring to previ-
ous frames. The notations for the signals are listed as 
follows:  

:i
mO Original ith pixel in frame m;  

:i
mD  Reconstructed ith pixel in frame m at de-

coder;  
:i

mC  Concealed ith pixel in frame m;  

:i
mE  Reconstructed ith pixel in frame m at en-

coder;  
:p  Packet loss probability;  

:i
md  Expected distortion of ith pixel in frame m. 

The expected distortion can be expressed by 
Eq.(2): 

 
2 2 2{( ) } ( ) 2 { }+ {( ) }.i i i i i i i

m m m m m m md E O D O O E D E D= − = −
 (2) 

 

Furthermore, the NNEC technique described in 
the previous section can also be incorporated into this 
mode decision technique. Depending on the used 
error concealment, the concealed image can be ex-
pressed as ˆ = ,i j

m m nC D −  i.e., it is replaced by the jth 
pixel in the previous n frames, if NNEC can be suc-
cessfully applied; or ,i k

m m oC D −=  i.e., the kth pixel in 
the previous o frames, if the NNEC embedded in-
formation is unfortunately lost, then a conventional 
error concealment method is employed. Moreover, 

{ }i
mE D and 2{( ) }i

mE D are calculated differently in 
intra and inter coding as follows. 

 
Intra coding 

A packet will not be lost with probability 1−p, 
then = .i i

m mD E  Otherwise, a packet will be lost with 
probability p, then the error concealment will be 
performed and = .i i

m mD C  Moreover, NNEC is per-
formed with the probability 1−p, i.e., no packet loss in 
the data hiding slice, while conventional error con-
cealment is performed with the probability p if the 
data hiding slice is lost. 
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Inter coding 
The motion compensation is performed in the 

inter-coding. Assume the jth pixel in the nth previous 
frame is used to predict the ith pixel in the current 
frame, the residue, i.e., the prediction error, is 

= .i i j
m m m ne E E −−  If the decoding end correctly receives 

the residue, motion vector, and the reference frame 
number, then the reconstructed pixel can be obtained 
by = + .i j i

m m n mD D e−  If the packet will be lost with prob-

ability p, then the concealed pixel i
mC  will be used to 

replace this pixel. Therefore, { }i
mE D  and 2{( ) }i

mE D  
can be derived as follows: 
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Mode decision 
With the above analysis, the expected distortion 

i
md  can be calculated for a given p and then be used as 

the distortion in the H.264 mode decision procedure. 
Since i

md includes the quantization error, concealment 
error, and error propagation distortion, the mode de-
cision procedure will choose an optimum mode that 
minimizes the distortion for a given p. 

The encoder and decoder structures of the pro-
posed error resilient video coding system are shown 
in Figs.3 and 4, respectively. The procedure at the 
encoding end is as follows: 

(1) Calculate the expected distortion based on 
{ }i

mE D  and 2{( ) }i
mE D  in mode decision; 

(2) After mode decision, store the best mode, 
motion vector, and the reference frame number in-
formation for skip mode, mode 16×16, mode 16×8, 

mode 8×16, and mode 8×8; 
(3) After a frame is encoded, compare the re-

corded data with neighboring blocks. Determine the 
NNEC data for each block; 

(4) Encode the NNEC data on a slice and embed 
them into Huffman coded bit stream of another slice; 

(5) Assume each block is lost, perform corre-
sponding error concealment, calculate ˆ i

mC and ;i
mC  

(6) Update { }i
mE D and 2{( ) }i

mE D  for each frame. 
At the decoding end, the DEMD with NNEC 

procedure is listed as follows: 
(1) Decode a slice based on H.264 if the slice is 

not lost, and extract the NNEC data. If lost, skip this 
slice, and record the slice position; 

(2) Perform error concealment starting from 
frame boundary to the center after a frame is decoded; 

(3) For lost blocks, if the NNEC data can be ex-
tracted successfully, perform NNEC. If not, use the 
conventional error concealment. 

The estimates are integrated into a rate-distortion 
model for optimal switching between various intra 
and inter coding modes for each MB. The resulting 
performance is better than the conventional mode 
decision (without estimating the decoder distortion) 
provided that the packet error rate can be estimated or 
fed back by the channel. In addition, unlike the sta-
tistical approach introduced in (Stockhammer et al., 
2002), the DEMD requires relatively low implemen-
tation complexity and is suitable for practical use. 
 
 
SIMULATION RESULTS 
 

We assess the proposed error resilient scheme in 
environments with random packet loss rates of 5% 
and 20%. The illustrated test video sequence is QCIF 
Foreman and the FMO is enabled with two slice 
groups mapping as a checker-board type. One slice 
composed of 11 MBs is packetized into one packet. 
We adopt the following abbreviations to represent the 
results with various techniques applied. 

(1) JM 9.4 Error Free: error free. 
(2) NNEC Error Free: error free with hidden 

NNEC information codes. 
(3) JM 9.4 EC: error concealment (EC) used in 

JM 9.4. 
(4) NNEC:  nearest  neighbor  motion  compen- 
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sated EC. 

(5) DEMD: distortion estimated mode decision. 
(6) RIR: random intra refresh. 
By investigating the simulation results, the 

rate-distortion (R-D) performances of the proposed 
techniques are better than those of the compared al-
gorithms in all experiments. For example, Fig.5 
shows that the proposed NNEC only degrades the 
PSNR by about 0.5 dB in the error free case. However, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NNEC can additionally enhance the error conceal-
ment approach suggested in JM 9.4 by more than 1.5 
dB in noisy environment. Obviously, the enhance-
ment cannot be further increased especially in a high 
bit rate situation due to the inherent characteristics 
that error propagation effects cannot be avoided by 
simply applying error concealment. In contrast to 
Fig.6, the proposed DEMD technique can signifi-
cantly further improve the video quality by more than 

Entropy

Inverse

Inverse

Data Hiding

Record
Coding Mode,

MV and Ref

Choose the best 
mode that 

minimize RDCost 

Expected decoder 
pixel distortion

Embed NNEC 
data into AC 
coefficients 

NNEC data 

NNEC  
concealment 

Motion  
estimation 

Find NNB and 
map to NNEC 

data 

Update expected 
decoder pixel 

Record coding 
mode, MV  

and Ref 

Expected decoder 
pixel 

Transform  

NAL Entropy 
coding Data hiding 

INTRA 

Motion 
 compensation

Inverse  
quantization 

Quantization 
Channel  EDMO 

INTER 

Frame store De-blocking 

Inverse  
transform 
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4 dB compared with the error concealment or random 
intra refresh approach especially at the high bit rate of 
500 kbps and packet loss rate of 20%. Of course, by 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

combining DEMD with NNEC, the proposed error 
resilient scheme achieves the best rate-distortion 
performance as shown in Fig.7. 
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Fig.6  R-D comparison of DEMD and RIR at packet loss rates of (a) 5% and (b) 20% 
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Fig.7  R-D comparison of DEMD & NNEC and RIR & NNEC at packet loss rates of (a) 5% and (b) 20%
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Fig.5  R-D comparison of NNEC and JM 9.4 error concealment at packet loss rates of (a) 5% and (b) 20%
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CONCLUSION 
 

The proposed error-resilient NNEC and DEMD 
techniques are not mutually exclusive, i.e., they can 
be applied together in a system without degrading 
each individual performance. The combined system 
performs better than the compared methods without 
requiring a feedback channel. 
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