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Abstract — The scalable video coding extension of 

H.264/AVC is a current standardization project. This paper 
deals with unequal error protection (UEP) scheme for 
scalable video bitstream over packet-lossy networks using 
forward error correction (FEC). The proposed UEP scheme is 
developed by exploiting jointly the unequal importance 
existing both in temporal layers and quality layers of 
hierarchial scalable video bitstream. For efficient assignment 
of FEC codes, the proposed UEP scheme uses a simple and 
efficient performance metric, namely layer-weighted expected 
zone of error propagation (LW-EZEP). The LW-EZEP is 
adopted for quantifying the error propagation effect on video 
quality degradation from packet loss in temporal layers and in 
quality layers. Compared to other UEP schemes, the proposed 
UEP scheme demonstrates strong robustness and adaptation 
for variable channel status1. 
 

Index Terms —forward error correction, unequal error 
protection, scalable video coding, extension of H.264/AVC.  

I. INTRODUCTION 
With the explosive growth of multimedia environments, the 

robust transmission of video data has become an important 
requirement to interact with multimedia contents [1]. One of the 
requirements of systems for transmitting video data over packet-
lossy networks is the capability to adjust the system resources 
for variable channel conditions. Hence scalable video coding is 
required since it provides flexibility and convenience for 
achieving the desired visual quality and bit rate.  

Recently, the new scalable video coding (SVC) standard is 
developed by the Joint Video Team (JVT) of the ITU-T Video 
Coding Expert Group (VCEG) and the ISO/IEC Moving 
Picture Experts Group (MPEG) as an amendment of H.264 
and MPEG-4 part 10 [2], [3], [4]. Based on H.264/AVC, the 
SVC extension includes spatial, temporal, and quality 
scalabilities. In scalable video coding, the video data can be 
encoded into one base layer and one or more enhancement 
layers which improve temporal resolution, spatial resolution, 
and quality. The resulting embedded bitstream can be 
transmitted as the whole bitstream for high resolution and 
quality. The scalable bitstream can be transmitted and decoded 
to provide various services with lower temporal, spatial 
resolution, and reduced video quality. 
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Although the scalable embedded bitstream can be adapted 
for a wide range of variable network conditions, applications, 
and terminals, efficient implementation for robust 
transmission of compressed video is still a big technical 
challenge.  

The packet loss in unstable channel environments leads to 
serious video quality degradation in compressed bitstream with 
strong spatio-temporal dependency. Furthermore, the packet loss 
in hierarchical coding structure with scalabilities can deteriorate 
substantially the received video quality. To apply unequal error 
protection (UEP) efficiently for video bitstream, the unequal 
importance of video data existing in hierarchical video coding 
structure is utilized for the different amount of protection. Some 
UEP methods have been researched for various types of scalable 
video coding. In multi-layered coding such as the set partitioning 
in hierarchical trees (SPIHT), the degree of importance is 
obtained in base layer and in enhancement layers. By using the 
unequal importance of packets in different layers, the packet loss 
protection using unequal FEC has been used efficiently in multi-
layered coding [5],[6],[7],[8],[9],[10]. In [11], UEP is applied to 
MPEG-4 fine grane scalable (FGS) compressed video data using 
rate-distortion information for each layer. The UEP schemes for 
multiple description coding (MDC) and for hybrid space-time 
coding have been developed for robust video transmission 
scheme [12], [13]. 

By exploiting jointly the unequal importance in temporal 
layers and quality layers of SVC bitstream, we propose an UEP 
scheme for robust transmission of SVC extension of 
H.264/AVC. We first formulate the problem of finding the FEC 
assignment as a problem of minimizing an appropriate 
performance metric subject to the constraint of available 
bandwidth and the priority arising from unequal importance in 
temporal layers and in quality layers. The proposed algorithm is 
aimed to achieve an optimal allocation of FEC codes in terms of 
the performance metric, which can quantify the effect of packet 
loss on the decoded video quality. The peak signal to noise ratio 
(PSNR) with the loss of each packet would be a possible 
performance metric. However the measurement of PSNR for 
each packet loss case would require a huge amount of 
computations, which may not be feasible in practical 
applications. Hence we propose a simple and effective 
performance metric, the layer-weighted expected zone of error 
propagation (LW-EZEP) to quantify the error propagation effect 
on video quality degradation by considering the unequal 
importance both in temporal layers and in quality layers. We 
propose an UEP assignment algorithm using the LW-EZEP 
metric, which would be computationally feasible in practical 
applications. 
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This paper is organized as follows. Section II presents an 
overview of SVC extension of H.264/AVC and the problem 
formulation is described. In Section III, we propose a new 
UEP assignment method. Simulation results are presented in 
Section IV. Finally, brief conclusion is presented in Section V. 

II. SVC EXTENSION OF H.264/AVC AND PROBLEM 
FORMULATION  

A. Overview of SVC Extension of H.264/AVC 
The concept for combining spatial, temporal, and quality 

scalability is illustrated in Fig. 1, which is the case of two 
spatial layers [14]. The spatial layers provide the coarse grane 
scalability (CGS). The video data at spatial layer 0 is 
generated from the decimation of input video data at spatial 
layer 1. Motion-compensated prediction and intra prediction 
are adopted for spatial layer 0 as in H.264/AVC single layer 
coding. Based on the motion and residual information from 

spatial layer 0, inter-layer prediction is exploited to reduce 
redundancies between dependent layers. The temporal 
scalable layers can be partitioned into one temporal base layer 
and one or more temporal enhancement layers with 
hierarchical prediction structures [15]. The partition structure 
for temporal and quality layers is shown in Fig. 2. If each set 
of temporal layers }{ 0 , , , ,i kL L LL L  is given, iL  can be 

decoded independently with a i k≤ where i is the temporal 
layer level. Hierarchical prediction structures can be combined 
with multiple reference pictures for excellent coding 
efficiency. Furthermore, it is possible to adjust arbitrarily the 
structural delay between encoding and decoding a picture by 
restricting the number of pictures to be predicted.  

With the texture data and motion information from 
hierarchical prediction structure, the quality base layer coding 
is performed by transform coding similar to that of 
H.264/AVC [16], and the encoded stream is compatible with 
the H.264/AVC single layer coding. The additional 
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Fig. 1. SVC encoder structure with two spatial layers [14]. 
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Fig. 2. Partition structure for temporal and quality layers. 
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improvement of reconstructed video quality can be obtained 
by enhancement layers. As shown in Fig. 2, each temporal 
layer can contain several quality layers. We define each 
quality layer in each temporal layer as a scalable unit (SU). 

Due to the hierarchical structure and the dependency 
between quality layers, the effect of packet loss on SVC 
bitstream can be severe when compressed video data is 
transmitted over error-prone channel environments. In order to 
provide the reliability for the transmission of SVC packets 
over error-prone channels, we need to make an effort to 
minimize the effect of packet loss.   

The forward error correction (FEC) has been used to protect 
video data against packet erasure in unreliable channel 
environments by introducing parity packets. If the number of 
erased video packets is less than the number of parity packets, 
the source video data can be retrieved. But the receiver needs 
to wait for extra time for channel decoding of FEC. In this 
paper, we assume video transmission applications which can 
tolerate relatively large delay, such as video streaming. For 
FEC generation, the well-known Reed-Solomon (RS) codes 
are utilized.  

From the dependent relationship existing in quality and 
temporal layers, we propose the layer-weighted channel 
coding scheme to provide the best video quality under the 
constraint of a constant transmission rate in section III. 

B. Problem Formulation 
Fig. 3 shows UEP scheme for scalable unit (SU). The 

number of temporal layer is T and each temporal layer is 
further divided into Q  quality layers. FEC code is added for 
each SU as in [7] and [10]. If we represent i as the temporal 
level and j as the quality level where 0,1, , 1i T= −L and 

0,1, , 1j Q= −L , we define the scalable video data for the 
unit ( , )i j  as ( , )SU i j . The length of the FEC code for each 

( , )SU i j is defined as ,i jk . Then ,i jN k− represents the length 
of ( , )SU i j where N is the number of packets. The packet size 
is represented as M . The height of the FEC code for each 

( , )SU i j is represented as ,i jh  and can be calculated as  

,
,

,

i j
i j

i j

h
R

N k
⎡ ⎤

= ⎢ ⎥
−⎢ ⎥⎢ ⎥

                    (1) 

where ,i jR  is the number of source data bytes for ( , )SU i j  
[10].  

Subject to a target bit rate from ( )N M⋅ , we want to find the 
best FEC code assignment for minimizing the overall 
distortion of reconstructed video. In this paper, we first adopt 
the PSNR value for measuring the amount of distortion. The 
overall distortion can be calculated as follows 

11

overall , ,
0 0

QT

i j i j
i j

D σ ρ
−−

= =

= ⋅∑∑  (2) 

where ,i jσ is the PSNR decrement from the erasure of 

( , )SU i j and ,i jρ is the probability of the packet loss of 

( , )SU i j . The ,i jσ  value can be calculated experimentally. 

Within a GOP, we represent (0)σ  as the PSNR value when 
there is no loss of scalable unit. Let ,i jη  represent the average 
value of PSNR of the reconstructed video frames when 

( , )SU i j  is not received. The ,i jσ  can be calculated as follows 

, ,(0)i j i jσ σ η= −  (3) 
where 0,1, , 1i T= −L and 0,1, , 1j Q= −L . 

The ,i jρ is calculated using two-state Markov model which 
can approximate fairly well the packet loss channel behavior  
[17]. The Markov model can calculate ( , )p m N which 
indicates the probability of losing m  packets among N  
packets. If the number of lost packets is greater than the 
number of protection packets, the original data cannot be 
recovered. The ,i jρ can be formulated as 

,

,
1

( , )
i j

N

i j
m k

p m Nρ
= +

= ∑  (4) 

The minimization of overall distortion is to find the optimal 
assignment matrix K for FEC assignment 
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The problem of finding the optimal FEC assignment matrix 

K is formulated as 
overallmin ( )D K  (6) 

subject to 

FEC

Number of packets (N)

P
a

ck
e

t size
 (M

)

Packet

FEC

FEC

FEC

FEC

FEC

0TL

1TTL −

0,0h

0,1h

0, 1Qh −

1,0Th −

1, 2T Qh − −

1, 1T Qh − −

(0,0)SU

(0,1)SU

(0, 1)SU Q−

( 1,0)SU T −

( 1, 2)SU T Q− −

( 1, 1)SU T Q− −

1, 2T QN k − −− 1, 2T Qk − −

0,0N k− 0,0k

Fig. 3. UEP scheme for scalable units (SU). 
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where totB is the total number of bits to be allocated for a 
GOP. The constraint of (7) means that more protection 
packets need to be assigned on ( , )SU i j  at lower temporal and 
quality layers with larger impact on the quality of 
reconstructed video. The constraint of (9) means that the total 
number of source and channel bits does not exceed the total 
number of bits to be allocated. 

III. PROPOSED UEP ASSIGNMENT METHOD FOR SVC 
EXTENSION 

We propose the UEP assignment method for SVC extension 
with two steps. We first derive a simple and efficient 
performance metric considering unequal error propagation 
effects of temporal and quality layers for each ( , )SU i j . Then 
we propose an efficient UEP allocation algorithm to minimize 
the overall distortion. 

A. Performance Metric Model 
The actual PSNR value of each ( , )SU i j  for optimal FEC 

assignment can be obtained by dropping each packet and 
decoding the received video packets within the group of 
pictures (GOP). However, it would be impractical to compute 
the actual PSNR values for each ( , )SU i j  for FEC assignment 
due to computational load. To overcome this computational 
complexity, we propose a simple and effective performance 
metric for estimating the error propagation effect considering 
both temporal and quality layers. 

For quantifying the temporal error propagation effect of 
packet loss on video quality degradation, we consider the 
expected zone of error propagation (EZEP). The packet loss in 
the lower temporal layer would have more severe error 
propagation effect than the packet loss in higher temporal 
layer because of the hierarchical prediction structure. The 
example of expected zone of error propagation (EZEP) is 
illustrated in Fig. 4 in GOP of size 8 for each temporal layer. 
The packet loss in frame 9 at temporal layer 0 will affect the 
quality of all frames in higher temporal layers. The total 
number of frames in the EZEP of temporal layer 0 is 

(4 0)(2 1)− −  where 4 is the number of temporal layers and 0 is 
the current temporal level. We model the amount of error 
propagation effect from temporal level i as 1( )2 1T C i− ⋅ − where 
T is the number of temporal layers. The 1C  is the scaling 
factor which is related to the lost frame and the affected 
frames by error propagation. 

 
 

Due to the dependent relation in quality layer direction, 
error propagation effect from lower quality layer is much 
bigger than that from higher quality layer for reconstructed 
video quality. The contents of higher quality layers are 
dependent on lower quality layers. In the view of the amount 
of contribution for PSNR improvement, the quality base layer 
would provide more PSNR increment than the quality 
enhancement layer. In addition to the effect of error 
propagation, we also consider the restriction of error 
propagation. If a packet loss occurs in quality base layer, the 
information of quality enhancement layer is not used for 
reconstructing video frames to restrict the error propagation. 
In our simulations, we observe that the packet loss of lower 
quality layer results in error propagation. On decoder side, if a 
packet loss occurs in quality layer 0, the data in upper quality 
layer is not used for decoding and the missing frame is just 
replaced by the decoded frame at the closest location to the 
missing frame for minimizing the error propagation effect. 

The quantity of error propagation in quality layer is 
modeled as the inversely proportional relation to the level of 
quality layer, which is formulated as 2(1 ) Cj −+ where j is the 
level of quality layer. The 2C  is the scaling factor which is 
related to the complexity of video frames. If 2C  is greater than 
1, this means that more weights would be assigned on lower 
quality layers compared to higher quality layers. 

We represent the EZEP of quality layer j  in temporal layer 
i as ,i jγ which is the combination of both effects from 

temporal and quality layers.  We propose to model ,i jγ  as 

( )1

2

( )
,

1 2 1
(1 )

T C i
i j Cj
γ − ⋅= ⋅ −

+
 (10) 

The 1C and 2C  are temporal and quality layer scaling 
factors, respectively. We use ,i jγ  as the estimated value of 

,i jσ in (3) for the optimization problem of (6). 
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Fig. 4. The example of expected zone of error propagation (EZEP) in 
a GOP of size 8. 
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B. Proposed UEP Assignment Algorithm  
Based on the performance metric model as ,i jγ in (10), we 

propose a channel coding scheme which allocates the amount 
of FEC packets to each scalable unit ( , )SU i j for minimizing 
the distortion of reconstructed video.  

We define , ,( )i j i jED k as the expected decreased distortion 
when FEC packets are assigned for ( , )SU i j  using (4) and (10) 
as 

, , , ,( )i j i j i j i jED k γ ρ= ⋅  (11) 

where ,i jk is the number of assigned FEC packets for ( , )SU i j . 
The N is the maximum value that can be allocated for 

( , )SU i j . 
Similar to the simple local hill climbing method, we find 

the ( , )SU i j  that can achieve the largest distortion reduction 
for given FEC assignment ,i jk . Let , ,( )i j i jkφ  represent the 
amount of distortion reduction by the allocated number of 
FEC packets of ,i jk   

, , , , , ,( ) ( ) ( 1)i j i j i j i j i j i jk ED k ED kφ = − +  (12) 
Using (12), the ( , )SU i j  which can achieve the largest 

distortion reduction is selected as 

( ), ,
,

ˆ ˆ, arg max i j i j
i j

i j kφ⎡ ⎤= ⎣ ⎦  (13) 

The number of FEC packets of the selected ˆ ˆ( , )SU i j  is 
updated as ˆ ˆ ˆ ˆ, , 1i j i jk k= + . After the ,i jk value is updated, the 

ˆ ˆ,i jh  value for ˆ ˆ( , )SU i j  is updated as (1). The accumulated 

value of ,i jh  is represented  as totalH  and can be updated as 

ˆ ˆ,total total i jH H h= +  (14) 

If the overall number of assigned FEC packets totalH  exceeds 
the packet size M , the algorithm is terminated. The pseudo 
code of the proposed UEP assignment algorithm is 
represented in Table 1. The number of maximal iterations in 
the FEC assignment would be proportional to ( )O M N⋅ , since 
the actual number of iterations would depend on the packet 
size and the number of packets. 

IV. SIMULATION RESULTS 
In this section, we present the simulation results of the 

proposed UEP assignment algorithm using the performance 
metric model, layer-weighted expected zone of error 
propagation (LW-EZEP) in Section III. The scaling factors for 
LW-EZEP are set experimentally as 1 0.3C =  and 2 3.0C =  in 
simulations. These scaling factors can be adjusted according 
to the degree of dependencies and complexities in input video 
frames.  

We use four QCIF video sequences 'Foreman', 'Crew', 'Bus', 
and 'Harbor'. The number of frames is 150 and the frame rate 
is 15 fps. It is encoded using the version 9 of the Joint 
Scalable Video Model (JSVM) [18]. One spatial layer is 

encoded with one quality base layer and two quality 
enhancement layers. Quality enhancement layers are encoded 
using medium grane scalable (MGS) coding. For the encoding 
condition of key pictures with GOP size of 16 frames, the 
number of maximum temporal levels is 5.  

A. Packet Correction Rate with the Proposed Method 
For this simulation, we use 'Foreman' sequence with GOP 

size of 16 frames. There are 5 temporal layers with one quality 
base layer and two quality enhancement layers. One GOP 
consists of 15 scalable units. The packet size (M) is set as 190. 
The number of packets (N) is set as 200. 

The packet correction rate (PCR) for scalable unit ( , )SU i j  
is defined as the probability that lost packets are corrected by 

,RS( , )i jN k code for ( , )SU i j . The PCR for ( , )SU i j is 
represented as ,i jδ , which can be calculated from ,i jρ  in (4) as 

,

, ,
1

1 1 ( , )
i j

N

i j i j
m k

p m Nδ ρ
= +

= − = − ∑  (15) 

Fig. 5 shows the 3-D view of PCR values at different 
packet loss rates for 'Foreman' sequence. As the number of 
FEC packets are increased for scalable unit, the PCR becomes 
larger. We observe that the PCR in the temporal base layer is 
larger compared to the corresponding temporal enhancement 
layers because the SU in lower temporal layer has larger 

TABLE I PSEUDO CODE OF THE PROPOSED UEP ASSIGNMENT ALGORITHM 
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impact on error propagation than the SU in higher temporal 
layer because of hierarchical prediction structure.   

For reducing error propagation, more protection packets are 
allocated for the SU in lower quality layer than the SU in 
higher quality layer. We can see that the PCR for lower 
quality layer is higher than the PCR for higher quality layer. 
We observe that PCR values in the same quality enhancement 
level are close. In high packet loss rates, the protection bits are 
concentrated on lower temporal and quality layers for gradual 
video distortion. 

B. Performance Comparison of the Proposed Method  
For performance comparison, the compressed video 

bitstreams are protected using Reed-Solomon (RS) codes to 
generate the FEC codes which are allocated by several 
algorithms including our proposed algorithm for comparison. 
The protected packets are dropped based on the two-state 
Markov channel model [17] with a range of packet loss 
probabilities. Due to the randomness of such a channel, 100 
different runs of the experiments are conducted using different 
packet loss rates from 5% to 25%. To show the performance 
results, we use four sequences with different conditions as in 

Table II. On decoder side, a simple error concealment 
technique is used such that the data in upper quality layer is 
not used for reconstruction and the lost frame is replaced by 
the decoded frame in the nearest location to the lost frame. We 
investigate how well the proposed UEP method adapts to 
channel variations compared to other five UEP schemes. 

 
TABLE II SIMULATION PARAMETERS 

Test 
sequence 

Number of packets 
(N) 

Packet size 
(M) 

Foreman 190 200 
Crew 200 230 

Harbor 200 230 
Bus 240 300 

 

  Our proposed UEP: Estimated distortion by the loss of 
each ( , )SU i j  is calculated using the LW-EZEP. 
According to the amount of estimated distortion, FEC 
codes are assigned using the estimated distortion. 
  Optimal UEP: Actual distortion by the loss of each 

( , )SU i j  is measured. FEC codes are allocated in 
proportion to the amount of actual distortion. 
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Fig. 5. 3-D view of packet correction rate (PCR) at different packet loss rate for ‘Foreman’ sequence : (a) packet loss rate: 10% (b) packet 
loss rate: 15%  (c) packet loss rate: 20%  (d) packet loss rate: 25%. 
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  Quality-based UEP: UEP with unequal protection ratio 
in quality layers without considering the unequal 
importance of temporal layers. 
  Temporal-based UEP: UEP with unequal protection ratio 
in temporal layers without considering the unequal 
importance of quality layers. 
  Fixed rate UEP: UEP with fixed unequal protection ratio 
in temporal and quality layers without considering packet 
loss rates. 

Fig. 6 shows the average PSNR values as a function of 
packet loss rates. The performance of the proposed UEP 
method shows very close results to the optimal UEP method 
through different packet loss rates. This means that the 
proposed performance metric, LW-EZEP, for estimating the 
amount of distortion from packet loss gives very close 
estimation compared to the actual measured distortion. The 
proposed UEP method results in smaller distortion higher 
PSNR compared to the fixed rate UEP, the temporal-based 
UEP, and the quality-based UEP. The fixed rate UEP without 
considering the variation of packet loss rates results in 
significant PSNR drop in high packet loss rates. Since the 

temporal-based UEP does not take into account the unequal 
importance of the quality layers, the scalable units in lower 
quality layers obtain rather low protection bits and result in 
larger distortion. Even in low packet loss rates, we can see the 
PSNR values are dropped significantly.  

The proposed UEP method gives up to 5dB improvements 
for test sequences at higher packet loss rates compared to the 
quality-based UEP. We observe that lower quality layers are 
more important than higher quality layers and more protection 
bits need to be allocated for lower quality layers. The PSNR 
values are dropped abruptly at some points for fixed rate UEP, 
the temporal-based UEP, and the quality- based UEP, while 
the proposed UEP method always gives graceful degradation 
of PSNR in the packet loss range from 10% to 25%. 

For packet loss rate range from 0% to 5%, the PSNR 
differences for five UEP methods are relatively insignificant 
since only a few packet losses occur. We present Table III to 
give a detailed comparison for sequences 'Foreman' and 'Bus'. 
The proposed UEP method maintains higher PSNR values 
compared to the other methods for high packet loss rates from 
15% to 25%. 

 
(b)                                                                                        (b) 

 
(c)                                                                                         (d)  

Fig. 6. Average PSNR comparison of the proposed UEP method with other UEP methods on different video sequences: (a) Foreman (b) Crew 
(c) Harbor (d) Bus. 
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Fig. 7 shows snapshots of the eighth reconstructed frame 
when `Foreman' bitstream is transmitted with packet loss rate 
of 15% using different unequal error protection methods. The 
visual quality of the reconstructed frame for the proposed 
UEP method is much better compared to other UEP schemes. 
We argue that this improvement of visual quality is due to the 
efficient proposed FEC assignment algorithm and the LW-
EZEP model exploiting the unequal importance of temporal 
and quality layers existing in hierarchical scalable units.  

IX.  CONCLUSION 
This paper proposes a novel UEP method for SVC 

extension of H.264/AVC for video transmission over packet-
lossy networks. We first present a simple and efficient 
performance metric, layer-weighted expected zone of error 
propagation (LW-EZEP). Then we propose the UEP 
assignment algorithm to solve the optimization problem. The 
simulation results show that the proposed UEP method gives 
similar performance compare to the optimal UEP method. The 
proposed UEP method demonstrates strong robustness and 
adaptation for different channel status compared to other UEP 
methods. 
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TABLE III AVERAGE PSNR (dB) COMPARISON OF DIFFERENT UEP 
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RATES (%).  
 

Sequences 
Packet 
Loss 
rate 

Proposed 
UEP 

Quality-
based 
UEP 

Temporal
-based 
UEP 

Fixed 
rate 
UEP 

5 36.85 34.85 26.66 37.37 
10 34.30 32.92 18.89 34.14 
15 33.43 30.97 18.32 26.80 
20 31.98 28.13 18.30 20.12 

Foreman 

25 30.32 25.28 18.30 18.41 

5 33.22 30.96 16.02 33.82 

10 28.76 25.46 14.01 26.80 

15 26.42 19.19 14.01 16.43 

20 19.39 16.19 14.01 14.22 
Bus 

25 16.18 14.83 14.01 14.01 

 
(a)                                  (b) 

 
(c)                                  (d) 
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