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Abstract—In this paper, we first propose a new parallel video 
coding framework, considering three important factors: parallel 
strategy, computational complexity and task scheduling. Then 
combining the characteristics of scalable video coding (SVC), a 
novel parallel encoding structure for temporal and quality 
scalabilities is introduced to obtain a high speedup of parallel 
SVC. Since the data dependencies in SVC are complex and time 
variant, the scheduling of parallel SVC is extremely difficult. In 
order to find the optimal scheduling solution, directed acyclic 
graph (DAG) is exploited to model the dependencies of encoding 
tasks, and the complexities of the encoding tasks which are 
accurately estimated by the Kalman filter to weight the 
scheduling tasks. Finally, two heuristic scheduling algorithms 
are also proposed to achieve a high encoding speed of parallel 
SVC. Experimental results show that the speedup of our parallel 
method was higher (about 60%) than previous work. Using the 
proposed method, high definition (HD) SVC videos can be 
encoded in real time.  

I. INTRODUCTION 
Nowadays, scalable video coding (SVC) [1] has become 

one of the hottest research fields. It provides three different 
scalabilities and satisfies various requirements. Since SVC is 
constructed with several layers of H.264/AVC which has a 
high computational complexity, the computational complexity 
of SVC encoder is extremely high. Therefore, it is important 
to explore new methods to accelerate the encoding speed of 
SVC. A recent trend in improving the encoding speed is to 
employ parallel encoding by utilizing multi-core technology. 
However, the data dependencies of SVC are quite complex. It 
is difficult to explore the parallel encoding of SVC. The 
traditional SVC encoders, including SVC reference software 
[2], do not encode in parallel and cannot fully utilize the 
power of a multi-core system. In order to apply SVC in multi-
core environments, we should explore new parallel method by 
utilizing the characteristics of SVC. 

Parallel encoding for non-scalable video has been an active 
research topic for well over a decade. There are four main 
parallel granularities in parallel encoding: group of picture 
(GOP)-level, frame-level, slice-level and MB-level [3]. 
Although GOP-level and slice-level parallelism are both 

simple to implement, GOP-level parallelism causes long 
latency and slice-level parallelism significantly affects coding 
efficiency. On the contrary, frame-level parallelism has little 
encoding latency. However, its parallelism is limited by the 
dependencies among frames. High parallelism can be obtained 
by MB-level parallelism, but it is with great difficulty and 
workload of synchronization. Since the data dependencies of 
SVC are complex, these parallel methods cannot be used 
directly for parallel SVC. For SVC, Yang [4] proposed a 
frame-level parallel method utilizing the temporal scalability 
of SVC, but only considered the frame-level parallel 
processing in one GOP. A frame-level parallel framework for 
multi-view video coding (MVC) which considered the parallel 
among several GOPs was introduced in [5]. However, it is not 
entirely applicable to SVC, because the GOP structure in 
MVC is different from that in SVC and more characteristics of 
SVC can be exploited to increase the parallelism. 

In this paper, a novel parallel encoding framework is 
proposed to achieve a high encoding speed. First, on the basis 
of Yang’s method, more than one GOP can be encoded in 
parallel and higher parallelism is acquired. Then the key 
picture of the next GOP is able to be processed earlier to 
obtain higher parallelism by utilizing the medium grain quality 
scalability (MGS) of SVC. Since the data dependencies of 
parallel SVC are extremely complex, directed acyclic graph 
(DAG) is applied to model the data dependencies. Besides, the 
complexities of the encoding tasks are accurately estimated by 
the Kalman filter to weight the scheduling tasks in DAG. 
Based on DAG, two heuristic scheduling algorithms are also 
proposed to gain a high speedup. It is notable that rate control 
of our framework is well compatible with non-parallel 
structure through the thread synchronization. 

The rest of this paper is organized as follows: Section II 
briefly introduces our parallel encoding framework. Section 
III proposes two parallel methods utilizing the temporal and 
quality scalabilities of SVC. The complexity estimation based 
on the Kalman filter is described in Section IV. Section V 
contains an analysis on the problem of scheduling parallel 
SVC using DAG. Experiments are presented in Section VI 
and conclusions are given in Section VII. 
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II. FRAMEWORK FOR PARALLEL VIDEO CODING  
Fig. 1 shows our framework for parallel video coding. It is 

constituted by five main components: the parallel strategy 
module, the complexity estimation module, the DAG module, 
the heuristics scheduling module and the encoding module. In 
this framework, ܵ denotes the parallel strategy, ܥԢ denotes the 
estimated complexities of the tasks, ܩ௜ denotes the DAG of the 
encoding tasks at the ݅-th scheduling process. ݂ሺ݅ሻ denotes the 
function which makes task scheduling decisions triggered by 
the heuristics scheduling module. ߬௜ represents the completed 
task. ܿ௜ is the actual complexity of ߬௜. 

First, the parallel strategy module chooses the appropriate 
parallel strategy ܵ , such as frame-level parallel method or 
some combined parallel methods. Then according to the 
parallel strategy, the complexity estimation module estimates 
the complexities ܥԢof the encoding tasks. With the parallel 
strategy and the estimated complexities of the encoding tasks, 
the DAG module builds ܩ௜ to model the data dependencies of 
the encoding tasks at the ݅-th scheduling process. Based on the 
DAG, heuristics scheduling module triggers the function ݂ሺ݅ሻ 
to choose a proper task to be processed. Finally, the encoding 
module encodes the task ߬௜ decided by ݂ሺ݅ሻ. When ߬௜ finishes, 
a signal is sent to the DAG module to update the DAG and the 
actual complexity ܿ௜  is sent to the complexity estimation 
module to make the estimation more accurate. 

III. PARALLEL ENCODING FOR SVC  
A. Parallel Encoding for the Temporal Scalability  

The parallel encoding method for SVC proposed in [4] is 
illustrated in Fig. 2(a). ௜ܶ  is the temporal layer number of the 
picture at the ݅-th temporal layer in its GOP. Since the pictures 
at each temporal level in one GOP are all dyadic and 
independent to each other, they can be encoded in parallel. 
However, only the pictures in one GOP are processed in 
parallel in [4]. There are at most gop_size/2 frames that can 
be encoded in parallel, where gop_size  is the size of 
hierarchical B-Picture structure GOP. 

In order to obtain higher parallelism, we explore the 
parallelism among several GOPs. In the hierarchical B-picture 
prediction structure (shown as Fig. 2(b)), the P-picture of the 
next GOP just depends on the P-picture of the current GOP. 
After the P-picture of the current GOP has finished, the P-
picture of the next GOP and the B-pictures in the current GOP 
are allowed to be encoded in parallel. Therefore, the pictures 
in several GOPs can be processed simultaneously under the 
hierarchical B-picture prediction structure. 

 

 
Fig. 3. MGS prediction structure of SVC 

Based on the above discussion, we can modify the former 
parallel structure into a new structure to obtain higher 
parallelism (shown as Fig. 2(b)). The number of GOPs that 
can be encoded in parallel is called the number of parallel 
GOPs (NOPGOPs). For simplicity, we denote NOPGOPs as ݊ 
and denote gop_size  as ߣ . Since the prediction structure is 
dyadic, there are logଶሺߣ ሻ ൅ 1 temporal stages in one GOP. 
Furthermore, no more than logଶሺߣ ሻ ൅ 1  GOPs can be 
processed at the same temporal layer (this is easy to be 
obtained by mathematical induction). Since the numbers of the 
pictures in following GOPs are arranged as: 2/ߣ, ,4/ߣ … ,1, 1 
at the highest temporal layer of the first GOP (“the first GOP” 
is just used as an example), the maximum frame parallelism ܲ 
can be derived as:  
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B. Parallel Encoding for the Quality Scalability  
In SVC, medium-grain quality scalability (MGS) is the 

most commonly used quality scalability. It uses the so-called 
key picture to allow adjustment of suitable tradeoff between 
drift and coding efficiency. Fig. 3 illustrates how the key 
picture concept can be efficiently combined with hierarchical 
B-picture prediction structure with two quality layers. The 
picture at the coarsest temporal layer is encoded as key picture 
which just refers to the base layer (BL) of the prior key 
picture. Besides, all B-pictures refer to the highest 
enhancement layer (EL) of their reference pictures.  

Based on the characteristics of MGS and the temporal 
parallel method in Section III-A, a novel parallel encoding 
structure is proposed when encoding a SVC video with 
multiple quality enhancement layers. As illustrated in Fig. 4, 
each node ߬௜௝  denotes the j-th layer of frame  ݅ . The most 
obvious feature of this parallel method in Fig. 4 is that the next 
key picture does not need to wait for the whole current key  

 
Fig. 2. Parallel SVC using temporal scalability: (a) Parallel in only one 
GOP, (b) Parallel in several GOPs (the size of GOP is 4 and NOPGOPs=2) 
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Fig. 1. The framework for parallel video coding 



 
picture to be encoded completely. Because the next key 
picture just depends on the base layer of the current key 
picture. When the base layer of the current key picture is 
completed, the next key picture can start to be encoded. For 
example, task ߬ସ,଴ can start to be encoded when the base layer 
task ߬଴,଴ has been completed (as the left ٔ shows in Fig. 4). 
There are two main advantages which can be obtained by this 
approach: 1) The next P-picture can start to be processed 
earlier, and as a result of that, more pictures are encoded in 
parallel. 2) Similarly, more B-pictures of the next GOP can 
start to be encoded earlier. Therefore, higher parallelism can 
be achieved under this parallel encoding structure. 

IV. COMPLEXITY ESTIMATION USING KALMAN FILTER 
In this work, Kalman filter [6] is applied to obtain the 

optimal estimate of the complexities of the encoding tasks. 
Total execution time is used as the criterion of the 
computational complexity. We suppose that the complexities 
of the frames in the same hierarchal position of two 
neighboring GOPs are changeless and the difference is 
caused by zero mean Gaussian white noise. Fig. 5(a) analyses 
the difference of the key picture’s complexity in a sequence 
of GOPs (the frames at other positions also have the similar 
results). It can be seen that the difference is in concordance 
with the Gaussian distribution. 

We set GOP as the estimation unit. The complexity of one 
GOP is denoted as ۱௞ ൌ ሾܿ௞,ଵ, ܿ௞,ଶ, … , ܿ௞,ேሿ், ݇ is the number 
of GOP and ܰ is the size of GOP, ܿ௞,௜ is the complexity of the 
i-th frame in the k-th GOP. In our Kalman filter algorithm, 
the estimate equations and measurement equations for the 
complexity the k-th GOP are expressed by 

1k k k k−= +C Φ C w     (2) 

k k k k= +z H C e      (3) 
where ۱௞ is the state vector of the k-th GOP’s complexity, and 
evolved from the previous state by state-transition matrix ઴௞. ܢ௞  is the measurement vector of ۱௞  and obtained by 
measurement matrix  ۶௞ ௞ܟ .  and ܍௞  are assumed to be zero 
mean Gaussian distributions with covariances ۿሺ݇ሻ, and ܀ሺ݇ሻ 
respectively. The state-transition matrix ઴௞  is an identity 
matrix on the basis of our supposition and the measurement 
matrix  ۶௞ can be estimated by the least square method. The 
error covariance matrix of the state estimate ۱௞ is denoted as ۾௞. The Kalman filter works as following five steps: 

1) Estimate complexity: | 1 1| 1k k k kk

∧ ∧
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Fig. 5. Complexity Estimation: (a) Complexity difference distribution of the 
key picture. (b) Complexity estimation result of the key picture. 

2) Get estimate covariance: | 1 1| 1
T

k k k k k k k− − −= +P Φ P Φ Q  
3) Obtain Kalman gain:
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4) Update the estimate: | | 1 | 1[ ]k k k k k kk k k

∧ ∧ ∧
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This is the final estimate output. 
5) Obtain Updating-error covariance: | | 1[ ]k k k k k k −= −P I G H P  

Fig. 5(b) shows the complexity estimation result of the key 
picture. It can be seen that the complexity estimation result 
commendably reflects the trend of the complexity. With the 
constantly updated estimate and covariance, the complexity 
estimate is more and more accurate. 

V. HEURISTIC SCHEDULING OF SVC USING DAG  
A common fundamental tool named DAG [7] is exploited 

to model the data dependencies of parallel SVC (other 
scheduling model may be also suitable). Fig. 6 shows the 
DAG modeling of the data dependencies of the first GOP in 
Fig. 4. The nodes designate the tasks ߬௜௝ א ,߁ 0 ൑ ݅ ൑ ݊ െ1, 0 ൑ ݆ ൑ ݈ െ 1, where ߁  is the set of tasks, ݅  is the frame 
number and ݆ is the quality layer number. ݓ௜௝  is the execution 
time of task ߬௜௝, which is used to weight the task node. The 
edges in the DAG are denoted as ݁௜ ൌ ۃ ௝߬௠, ߬௞௡ۄ, ݁௜ א ,ܧ ݅ ൌ0, 1, … , |ܧ| െ 1 and ௝߬௠, ߬௞௡ א  The edges are weighted by .߁
the communication costs of the tasks and we assume that the 
cost of communication is negligible in this framework. 
According to the DAG of parallel SVC, the encoding order is 
restrained by the data dependencies and the temporal layer 
numbers: 1) If an edge exists from ௝߬௠ to ߬௞௡, it means that 
task ߬௞௡  depends on task ௝߬௠ , and ߬௞௡  cannot start until ௝߬௠ 
finishes. 2) The frames at the lower temporal layer are always 
encoded before the frames at the higher temporal layer. 

Two heuristic scheduling algorithms are designed as: 
Display Order (DO) and Computational Complexity (CC). 1) 
DO heuristic scheduling algorithm means give the highest 
priority to the earliest frame in display order. Since the frames 
at the lower temporal layer must be encoded before the frames 
at the higher temporal layer, the encoding order of the frames  
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Fig. 4. Parallel encoding structure for MGS 



 
is 0, 4, 2, 8, 1, 3, 6, 5, 7 (take Fig. 2(b) as an example). 2) CC 
heuristic scheduling algorithm means to give the highest 
priority to the frame which has the lowest computational 
complexity. The encoding order is also restrained by the data 
dependencies and the temporal layer. Besides, the encoding 
order depends on the computational complexity which is 
obtained by the Kalman filter.  

VI. EXPERIMENTAL RESULTS 
The parallel framework of SVC was implemented on the 

Intel Xeon multi-core processor E5520 at 2.27 GHz with 8 
logic cores to encode high definition (HD) videos. We set the 
base layer QP to 32, the number of quality layer to 3, the delta 
QP to 6, and the size of GOP to 8. All the resolutions of the 
standard test sequences are 720p (1280 × 720).  

The speedups of our method and Yang’s method are 
shown in Fig. 7. The speedup of our method is similar to 
Yang’s method when the number of cores is less than 4, 
because 4 pictures at most can be encoded in parallel in 
Yang’s method. Since quality scalability is utilized in our 
method, a higher speedup (about 13%) is obtained when 
considering the parallel in only one GOP (NOPGOPs=1). 
When increasing NOPGOPs, more GOPs can be encoded in 
parallel. Therefore, a higher speedup (about 60%) can be 
achieved. The test sequence is “shields” (504 frames).  

The speedups of the different types of heuristics 
scheduling algorithms are illustrated in Table I when 
NOPGOPs equals to 3 and 4 respectively. By reordering the 
encoding sequence, a higher speedup is gained. By utilizing 
complexity estimation, CC has better performance than DO.  

It is clear from Fig. 8 that the encoder can competently 
achieve real-time SVC HD video coding and it is suitable for  

 

 
Fig. 8. Encoding speed of our framework (NOPGOPs=2) 

various standard test sequences including “parkrun”, 
“mobcal”, “shields” ( all are 504 frames) and “stockholm” 
(604 frames). When using more than 6 cores, SVC HD video 
can be encoded in real-time. 

VII. CONCLUSION  
In this paper, a novel parallel encoding framework for 

SVC is introduced. Under this framework, we propose a 
parallel encoding structure utilizing the temporal and quality 
scalabilities of SVC. Since the data dependencies of parallel 
SVC are complex and time variant, DAG is exploited to 
model the data dependencies of parallel SVC and the 
complexities of the encoding tasks are estimated by the 
Kalman filter. Besides, we designed two heuristics scheduling 
algorithms which were generic and scalable. The encoder can 
realize real-time SVC HD video coding with our framework.  
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TABLE I. SPEEDUP OF DIFFERENT SCHEDULING ALGORITHMS

Sequence 

Scheduling algorithms 

Yang’s 
NOPGOPs=3 NOPGOPs=4
DO CC DO CC

parkrun 4.37 6.32 6.51 6.71 6.72
mobcal 4.18 6.03 6.28 6.55 6.51
shield 4.09 5.91 6.35 6.57 6.42

stockholm 4.15 5.97 6.51 6.74 6.77

( ),0 0,0 0,1e τ τ=

( ),1 0,0 4,0e τ τ=

( ),3 4,0 4,1e τ τ=

( ),2 0,1 2,0e τ τ= ( ),4 4,1 2,0e τ τ=

( ),5 2,0 2,1e τ τ=

( ),7 2,1 3,0e τ τ=
( ),6 2,1 1,0e τ τ=

( ),8 1,0 1,1e τ τ= ( ),9 3,0 3,1e τ τ=

,0,0 0,0wτ

,0,1 0,1wτ ,4,0 4,0wτ

,4,1 4,1wτ

,2,0 2,0wτ

,2,1 2,1wτ

,1,0 1,0wτ

,1,1 1,1wτ

,3,0 3,0wτ

,3,1 3,1wτ

Fig. 6. DAG of MGS-based SVC 

 
Fig. 7. Speedup of Yang’s and our methods 
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