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The Two-State Markov Model has only two states, 
“Good” or “Bad”, so it is naturally to code a redundant slice 
should into the bit stream when the channel state is “Bad”. 
After coding an original slice, the encoder will check the 
channel state, and then determine if the redundancy coding 
will be conducted adaptively. 

B. Redundant slices 
It’s important to note that the redundant slice is not a 

simple copy of the original one. Indeed, a redundant slice is 
usually coded using different settings, for example, a high 
QP (low quality). In this paper, we choose a high QP when 
coding a redundant slice for important slice groups, while the 
other redundancy is coded with a higher QP. 

The position of redundant slices in bit stream is also a 
problem worth considering. If the redundant slice is too close 
to the original one, the two packets may be lost at the same 
time in a burst packet loss. To handle this problem, we can 
encode the redundant slices of a frame only when all the 
original slices are coded, as shown in Fig.7. 

 
Fig.7. Position of redundant slices. 

In Fig.7, “0” to “7” are the original slices of the same 
frame, and the redundant slices of slice 0, 3, 6 come after all 
the original ones. 

IV. EXPERIMENT RESULTS 

A. Experiment settings 
The experiments are conducted based on the Joint Model 

(JM) version 8.6 of H.264/AVC. We compare the 
performance among FMO Type 1, the proposed FMO 
algorithm and the proposed adaptive error resilient coding 
scheme. Each frame is divided into 8 slice groups while 
using FMO Type 1. 

Five video sequences are tested, and 60 frames of each 
sequence are encoded, as the Table 1 shows. 

Table 1 video sequence for test 

 video sequence size
1 Foreman 176*144
2 mobile 176*144
3 news 352*288
4 coastguard 352*288
5 mobile_cif 352*288

The frame GOP structure is set as IPPPP..., thus only the 
first frame is intra-frame and the others are all inter-frame. 
The original slices are encoded with QP=28, while the 
redundant slices of important slice groups are encoded using 
QP=34. The QP for other redundancy is 40. 

As for the Two-State Markov Model, average burst 
length (BL) is set to be 2, and packet loss rate (PLR) ranges 
from 5% to 30%, with an interval of 5%. 

B. Experiment results 
The experiment result is shown in Table 2~Table 5 and 

Fig.8, in which “a” denotes FMO Type 1 with 8 slice groups, 
“b” is the proposed FMO algorithm and “c” is the proposed 
adaptive error resilient coding scheme. 

Table 2 PSNR of “foreman” (a: FMO Type 1, b: proposed FMO 
algorithm, c: proposed adaptive error resilient coding scheme) 

PLR 5% 10% 15% 20% 25% 30% 
a 30.81 28.37 0 0 0 0 
b 31.01 27.98 27.63 25.77 23.97 23.33 
c 35.02 34.06 33.36 30.58 30.37 28.69 

Table 3 PSNR of “mobile” (a: FMO Type 1, b: proposed FMO 
algorithm, c: proposed adaptive error resilient coding scheme) 

PLR 5% 10% 15% 20% 25% 30% 
a 27.85 0 0 0 0 0 
b 27.85 24.77 24.16 22.32 20.39 19.55 
c 31.20 29.19 29.06 25.85 24.71 23.66 

Table 4 PSNR of “coastguard” (a: FMO Type 1, b: proposed FMO 
algorithm, c: proposed adaptive error resilient coding scheme) 

PLR 5% 10% 15% 20% 25% 30% 
a 29.49 0 0 0 0 0 
b 30.02 26.67 26.20 24.61 22.80 0 
c 32.72 30.14 29.48 27.57 25.86 25.88 

Table 5 PSNR of “mobile_cif” (a: FMO Type 1, b: proposed FMO 
algorithm, c: proposed adaptive error resilient coding scheme) 

PLR 5% 10% 15% 20% 25% 30% 
a 27.61 0 0 0 0 0 
b 27.44 23.98 23.37 21.46 19.66 18.80 
c 31.36 29.69 28.96 25.38 24.38 23.11 

 

 
Fig.8. PSNR of “news” (a: FMO Type 1, b: proposed FMO 

algorithm, c: proposed adaptive error resilient coding scheme) 

As we can see in Table 2~Table 5 and Fig.8, the 
proposed FMO algorithm can achieve almost the same 
PSNR as FMO Type 1, but the robustness is greatly 
enhanced. Four of the five test video sequences cannot be 
entirely decoded (PSNR=0) in high packet loss rate when 
decoded using FMO Type 1, while the same phenomenon 
occurs only once in the proposed FMO algorithm 
(“coastguard”, PLR=30%). 
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The proposed adaptive error resilient coding scheme has 
the greatest performance of error resilience of the three 
methods, and the PSNR is usually 2 to 6 dB higher than 
method a and b. Fig.8 shows that the visual quality of  
method c is obviously better than the other two. 

 
Fig.9. The 40th frame of “foreman” with PLR=20%, (1) no error 

frame, (2) FMO Type 1 with 8 slice groups, (3) the proposed FMO 
algorithm, (4) the proposed adaptive error resilient coding scheme. 

Fig.9 are the 40th frames of “foreman” with PLR=20% 
using different error resilient techniques. It shows that the 
proposed adaptive error resilient coding scheme could 
achieve the best visual quality, while FMO Type 1 and the 
proposed FMO algorithm are almost the same. 

The total bits of the coded video sequences are presented 
in Table 6. It’s easy to know that the average increase in bits 
from method a to b is 1.55%, and that from a to c is 3.91%. 
Considering the great enhanced performance of error 
resilience, such increase in bits is just acceptable. 

Table 6 Total bits of the coded video sequences, (a) FMO Type 
1with 8 slice groups, (3) the proposed FMO algorithm, (4) the 

proposed adaptive coding scheme with PLR=15% 

 a b c

Foreman 250528 262896 275608 

Mobile 859904 874384 896512 

News 441704 474336 487944 

Coastguard 2909504 2938920 2998720 

Mobile_cif 3390616 3423248 3500608 

Total  7852256 7973784 8159392 
 

V. CONCLUSION 
In this paper, we first introduce a novel FMO algorithm, 

which takes both the importance and position information of 
MBs into consideration. Then, an adaptive error resilient 
coding scheme based on this new FMO algorithm is 
proposed. In this coding scheme, redundant slices are 
generated according to the channel states. Experiment results 
show that the proposed FMO algorithm can achieve almost 
the same PSNR as FMO Type 1, but the robustness is much 
better. In these three methods, the proposed adaptive error 
resilient coding scheme achieves the greatest performance of 
error resilience, by introducing an acceptable increase of 
video bit stream size. 
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