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Abstract 
 

An error resilient video coding scheme based on unequal error protection over 
error prone channels is proposed. Due to the sensitivity of VLC to channel errors, a 
single bit error can cause loss of synchronization at the receiver, leading to 
catastrophic degradation of image quality. Multiplexed codes are an effective 
approach to combat losses of synchronization. In this paper, multiplexed codes 
appropriate to video coding are designed and then integrated into a block based 
motion compensated video coder. We compared performances of this structure 
with one of the most used codes: Huffman code. Results show that the proposed 
scheme achieves high error resilience at almost no cost in compression efficiency. 
 

Keywords: Entropy coding, multiplexed codes, synchronization losses, unequal 
error protection, video coding 

1. INTRODUCTION 

  Robustness to transmission errors is a crucial requirement for video 
communication. Video streams are very sensitive to transmission errors because  
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these errors hinder decoder from reconstructing desirable video frames. Moreover, 
due to the spatial-temporal prediction, a single erroneously reconstructed sample 
can lead to errors in the samples within the same and following frames. It is a 
challenging problem to design robust video coding schemes that are resilient to 
transmission errors. 

Widely used in modern communications due to their good compression 
capabilities, variable-length codes (VLCs) have the disadvantage of being very 
sensitive to errors. in fact, a single bit error can cause synchronization losses at the 
receiver, making remainder of the bitstream useless. Header extension codes, data 
partitioning, and variable length coding can be protected during transmission by 
partitioning the video into portions of varying importance, such as headers, motion 
vectors, and DCT values. Error correcting codes, such as Reed-Solomon Erasure 
codes or feedback-based protection schemes (e.g ARQ) can also be added to the 
video portions to improve robustness. However, since the strength of the error 
protection is based only on the data partition type, these error protection methods 
ignore the data actually contained in the data streams. This results in increased 
overhead for coding non-important portions of the video streams. More, if errors 
encountered exceed the capacity of the channel encoder the position of symbol 
boundaries are not properly estimated, leading to dramatic symbol error rates.  

To regain synchronization, several error correction tools have been developed 
.Various techniques include resynchronization makers [6] [1] [14]; the data 
between the synchronization point prior to the error and the first point where 
synchronization is re-established are typically discarded. The inserted 
resynchronization markers and header information are redundant and they lower 
the coding efficiency. RVLC has been developed for the purpose of data recovery 
at the receiver [13] [15]. Using this tool, the variable length codes are designed so 
that they can be read both in the forward and reverse directions. This allows the 
bitstream to be decoded backwards from the next synchronization marker until the 
point of error. The increased re-synchronization capability is however often 
obtained at the expense of redundancy. Error Resilience Entropy Coding (EREC) 
technique was proposed [8] [10]. In this method, the incoming bit-stream is 
reordered without adding redundancy such that longer VLC blocks fill up the 
spaces left by shorter blocks in a number of VLC blocks that form a fixed-length 
EREC frame. Such fixed-length EREC frames of VLC codes are then used as 
synchronization units, where only one EREC frame, rather than all the codes 
between two synchronization markers, will be dropped should any VLC code in the 
EREC frame be corrupted due to transmission errors. However, much computation 
power and a large memory buffer are required. Soft VLC decoding ideas, 
exploiting residual source redundancy   as well as the inter-symbol dependency, 
have also been shown to reduce synchronization losses effect [9][2][12]. The 
T_codes[3] and HVLC[7] have also been noted for their property of 
self-synchronization however at the expense of high decoding complexity. 
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Multiplexed codes [4] are an effective approach to combat synchronization 

losses of decoder. Their design principle relies on the fact that compression systems 
of real signals generate sources of information with different levels of priority. 
Using these codes, the risk of errors propagation is confined to the low priority 
information. In this paper, multiplexed codes appropriate to video coding are 
designed and then integrated into a predictive hybrid video coder. The objective is 
to achieve high error resilience at almost no cost in compression efficiency. We 
compared performances of this structure with one of the most used codes: Huffman 
code. 

The remainder of this paper is organised as follows: Section 2 describes the 
principle of multiplexed codes. The construction and application of our multiplexed 
codes are detailed in section 3. Section 4 presents transmission performance results, 
including experimental burst error results and decoded images. The paper is 
concluded in Section 5.   

2. MULTIPLEXED CODES: PRINCIPLE 

In this section we will briefly recall some properties of multiplexed codes. For 
more details see [4]. 

Let ),...,...,( 1 KHtH SSSS = be a sequence of source symbols of high priority 
taking their values in a finite alphabet A  composed of Ω symbols. The stationary 

probability of the source HS  is denoted ),...,...,( 1 Ω= μμμμ i  where iμ stands for 

the probability that a symbol of HS  equals ia .  

Let ),...,...,( '''
1 ' KLiL SSSS = be a sequence of source symbols of lower priority 

taking their values in a finite alphabet 'A . We assume that the realization LS  of this 

source has been pre-encoded into a bitstream ),...,...,( 1 KBr bbbb = with a VLC coder 
(e.g. Huffman or arithmetic coder).  Let c be a fixed number of bits reserved for the 
representation of any symbol of the alphabet A . The c  bits define a set of 

cN 2=  

codewords. This set of codewords is partitioned into subsets Ω= ...1, iCi  called 

classes of equivalence associated to symbols ia  of the alphabet A . Each class of 

equivalence iC  contains a set of in codewords { }
1,,1,0, ,...,,...,,

−iniqiii cccc , such that : 
Nn

i i =∑Ω

=1          (1) 

A symbol it aS = of the sequence HS  can be encoded with any c-bit codeword 
qic ,  belonging to the class of equivalence iC . Hence; each symbol tS  can be 

mapped into a pair ),( qCi  of two variables denoting respectively the class of  
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equivalence and the index of the codeword in the class of equivalence iC . The 

variable q  is a valuedni _  variable, taking its value between 0 and 1−in  and 
representing the inherent redundancy of the c-bits fixed length codes.  

A multiplexed code has been defined in [13] as the function which maps a c-bits 

fixed length codeword qic ,  into a pair of variables comprising the symbol value ia  
of the alphabet A  (on which the high priority source is quantized) and  q  denoting 

the index of the codeword in the class of equivalence associated to  ia , as: 
( )qac iqi ,, ↔  . The sequence of symbols used to describe jointly HS and LS  data 

flows is obtained by the completion of following steps: 
 
 

1. For each symbol it aS = of HS , we determine tn  cardinality of the 

class of equivalence associated to tS
. 

2. The quantity ∏ =
=Λ

KH

t tn
1 denotes the number of different multiplexed 

sequences of codewords that can be used as a coded representation of the 

sequence HS .  

3. Only ⎣ ⎦)(log2
' Λ=BK bits of the lower priority bitstream  b  can be 

stored. 

4. The last 
'
BK  bits of b  are then seen as the binary representation of the 

integer θ comprised between 120
'

−BKand , that can be expressed as: 

( )
1

1
2

'

4
−

=
−+∑= r

K

r
KKr

B

BB
bθ

   (2) 
5. The variable  θ  must then be expanded into a sequence of pairs 

( )tt qn ,  that will provide entries in the multiplexed codes table codes, hence 
allows selecting the sequence of c-bits fixed length codewords to be 

transmitted on the channel. 
tt

t t

t n
n

q mod1

1' '
⎥
⎥

⎦

⎥

⎢
⎢

⎣

⎢
=

∏ −

=

θ

 (3)          

6. If BB KK ≤'
the BB KK −'

first bits of the bitstream b  are then 
concatenated to the sequence of multiplexed codewords.  

Since all operations are reversible, the decoding proceeds in the reverse order. 
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Table I: An example of multiplexed codes [4]: 
{ }54321 ,,,, aaaaaA =

 and c=3 

Clas
s Ci 

Codewo
rd x 

Symb
ol ai i 

Probabilit
y μi 

Inde
x qi 

C1 
000 
001 
010 

a1 0.40 
0 
1 
2 

C2 011 
100 a2 0.20 0 

1 
C3 101 a3 0.20 0 
C4 110 a4 0.10 0 
C5 111 a5 0.10 0 

 

3. CONSTRUCTION OF MULTIPLEXED CODES APPROPRIATE TO VIDEO 
CODING 

The most effective video compression standards use the motion-compensated 
technique to achieve high degrees of compression at acceptable levels of picture 
quality. The coder compresses video into a bitstream composed of packets. Each 
packet begins with a header, which is followed by motion information, texture 
information, and stuffing bits. The aim of our work is to construct a multiplexed 
code appropriated to video coding such that the motion vectors are considered as 
priority source SH, while the texture, converted into binary using Huffman code , 
represents the lowest priority source SL. Constructing multiplexed code consists of 
creating fixed length codes (FLC) that represent  SH  (motions vectors) and  exploit 
the inherent redundancy to store information of the low priority source SL(texture). 

For this purpose, we first calculated iμ of each motion vector by proceeding to a 

statistical study, then we determinated in of different class of equivalence, and 
finally we integrated the obtained multiplexed codes into video coding scheme. 

3.1 Motion vector statistics 

SH takes its values in the set of motion vector’s 

alphabet { }3130321 ,,...,,, mvmvmvmvmvMV = . Each motion vector mvi corresponds 
to one class of equivalence. Since all elements of MV should be classified in 

decreasing order of probabilities )..( 311 μμμ = , the first step was providing a 
probabilistic characterization of different motion vectors. For this purpose, we 
extract the motion vectors from different types of well-known standard test 
sequences. The sequences we tested comprise three different groups according to 
their content: objects are moving at slow, moderate or high speed. With the 
resulting vectors, frequency of occurrence of vector values are obtained, then  
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different probabilities )..( 311 μμμ =  are calculated.  

3.2 Class of equivalence 

Once we had iμ  of each imv , the second step was to determine in  the number of 
code in each class of equivalence associated to motions vectors. 6 bits are used to 
represent any motion vector of MV . So, in order to have a bite rate close to the 
entropy bound of the source SH , we had to choose an efficient partitioning of 26 
FLCs in classes of equivalence [5] such as: 

 
( ) ( )hnnn i

)
KK minarg,,,, 311 =     (4) 

∑
=

−=
31

1
2 64

log
i

i
i

n
h μ
)

      (5)  
h
)

 is the expected description length (EDL) 
 

Table III: Class C1 corresponding to vm=0 

Clas
s Ci 

Codewo
rd x 

Symb
ol ai i 

Probabilit
y μi 

Inde
x qi 

C1 

000000 
000001 
000010 
000011 
000100 
000101 
000110 
000111 

0 0.1250 

0 
1 
2 
3 
4 
5 
6 
7 

 
Finally, we obtained the partitioning described in Table II. To condense this 

table we mention in third column only the number of codes per class of 

equivalence in . However, as an example, the class C1 is detailed in Table III.   

3.3 Application of multiplexed codes into video coding scheme 

In [11] we applied a first version of multiplexed codes to scalable video coder. In 
this paper, we combined multiplexed codes with predictive hybrid video coder with 
motion compensation and block-based transform (Figure 1). Such coder uses 
motion estimation to predicting motion from frame to frame in the temporal 
direction, and then applies DCTs (Discrete Cosine Transform) to organize any 
redundancies in the spatial directions. An attempt was made to protect the motion 
vectors better than the residual information. The reason is that the motion vector  
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information provides significantly more information regarding the structured block 
than the residual does. It is important to note, however, that the B motion vectors 
are not useful for our purpose, so we are sub-sampling the video in a sense. We only 
have motion vectors for P frames, thus for our purpose, 10 frames per second will 
suffice. 

 
 

Figure 1 - Block based motion compensated video coder, combined with multiplexed codes 

4. EXPERIMENTAL RESULTS 

To evaluate the performance of the proposed scheme, when the bitstream 
transmitted is corrupted and causes losses of synchronization of decoder, three tests 
have been performed on the first 100 frames of Foreman sequence and Carphone 
sequence.  First test measured the General performance, in terms of PSNR, of 
multiplexed codes and compared the result with that of standard Huffman codes. 
Frames are simulated with different bit error rates (BERs) to consider various 
channel conditions. The transmission error is either a random single-bit error or 
includes successive error bits. Some simulated performances are listed in Table IV. 
Figure2 shows that even with errors injected into the bitstream, multiplexed codes 
do not suffer from any losses of synchronization. While the Huffman code can 
decode only less than 30% of the data received because of its high sensitivity to 
errors. The sequences were decoded with no error concealment technique in order 
to illustrate the effect of losses synchronization on reconstructed image quality. 
Such effect can be seen in “Huffman decoded images” in figure 3. However, the 
visual degradation of “multiplexed codes decoded images” is due just to the 
propagation of prediction errors over P images. 

In the second test we have examined the compression efficiency. Results are 
shown in Table V. SL_bits represent the numbers of bits from SL bitstream 
multiplexed with SH. It can be seen that the higher compression is obtained with  
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multiplexed codes since SH_bits value corresponds to SH and part of SL (SL_bits) . 

 
The last test compared the encoding and decoding durations of multiplexed 

codes with those of Huffman code. Figure 4 shows that multiplexed codes encoding 
is faster than Huffman encoding. However, in the case where there has no loss of 
synchronization, decode Huffman bitstream takes less time than decode 
multiplexed codes bitstream (figure 5). 
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Figure 2: Simulations results, PSNR (dB), for multiplexed codes (MUX) and Huffman code when errors are 
injected into bitstream. 

 

 

5. CONCLUSION 

An error-resilient video coding scheme based on multiplexed codes is proposed. It 
exhibits low redundancy, low complexity, and high error tolerance. It can avoid 
synchronization losses of decoder. Hence, video quality can be well maintained.  
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Table IV: Average PSNR of 50 tests, 

PSNR_MUX:  Average PSNR for multiplexed codes (MUX) when errors are injected into bitstream. 
PSNR_HUFF:  Average PSNR for Huffman codes when errors are injected into bitstream. 

PSNR_HUFF_NE:  Average PSNR for Huffman codes when no errors are injected into bitstream. 
R_NREJ_B:  Rate blocs correctly decoded by Huffman codes 

PSNR_MUX 
(dB) 

PSNR_HUFF 
(dB) 

PSNR _HUFF_NE 
(dB) 

R_NRE
J_B 

46.66 16.42 47.08 26% 
46.90 16.39 46.94 26% 
46.86 13.67 46.98 22% 
46.78 12.32 47.12 20% 
46.77 10.93 46.96 18% 
46.75 09.57 47.02 16% 
46.78 10.94 47.05 18% 
46.78 05.49 47.25 10% 
46.88 08.20 47.01 14% 

 
 

 
Figure 3: (1a): Foreman frame coded using Multiplexed codes. (1b) Foreman frame coded using Huffman code; 

(2a)  Carphone frame coded using Multiplexed codes; (2b) Carphone frame coded using Huffman code; 
 

Table V: Total number of bits generated for 2x99 motion vectors 

Huffman_bits (bits) 10
53 

98
3 

95
2 

SH_bits (bits) 11
88 

11
88 

11
88 

SL_bits (bits) 11
12 

11
34 

11
55 

SL_bits/( Huffman_bits +
SL_bits)*100 

51
.3% 

53
.5% 

54
.8% 

(SL_bits / SH_bits)*100 93
.6% 

95
.4% 

97
.2% 
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Figure 4: Encoding durations of multiplexed codes and Huffman code 

 

 

 

Figure 5: Decoding durations of multiplexed codes and Huffman code when no errors are injected into bitstream. 
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Table II: Multiplexed codes applied to motion vectors (Ω=31,    c = 6 bits) 
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