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parallelism schemes, such as MB-region parallelism [4], and
MB-Group parallelism [5][6], etc. Moreover, tasks
parallelism can also be used in software encoder. Video
encoder is decomposed motion estimation and other modules,
and a task-data hybrid parallel scheme was proposed in [7].
Compared with other typical data parallelisms, MB-level
parallelism is widely utilized own to its advantages of low
latency, no performance loss and high degree of parallelism
[3]. The recently issued video coding standard HEVC [8] also
introduced MB-level parallelism called Wavefront [9]. To our
knowledge, most of MB-level parallel encoders employ MB
Row Scheduling (MRS) scheme. In our previous work, we
also realized a two-stage parallel encoder based on MRS [10].
In this paper, we firstly analyze the running speed
unbalance of MRS, and then we propose a new Dynamic MBlevel Scheduling (DMS) scheme to alleviate both the
unbalance and synchronization delay among multiple threads.
Experiment results testified the effectiveness of our proposed
scheme.
The rest of this paper is organized as follows. Section II
gives an analysis on running speed unbalance of MRS scheme.
Section III presents our proposed DMS scheme and our
implementation in video encoder in detail. Section IV shows
the experimental results. At last, this paper is concluded in
section V.

Abstract—MB-level parallelism is widely used in parallel video
coding thanks to its merits of low latency, no performance loss
and high degree of parallelism. Most of video encoders with MBlevel parallelism employ MB Row Scheduling (MRS) scheme. In
software video encoder, early terminate algorithms tend to cause
significant difference in coding time of different MBs.
Consequently, the running speeds of multiple threads are
unbalanced. When the number of threads is more than that of
physical cores, the running speed unbalance is further worsened
by computation resources competition among multiple threads.
The computation resources of multiple cores can’t be fully
utilized without careful handling of the above running speed
unbalance. Additionally, synchronization of multiple threads can
also penalize the running speed of the whole video encoder. In
this paper, we analyze the running speed unbalance of multiple
threads in MRS scheme, and propose a new Dynamic MB-level
Scheduling (DMS) scheme for parallel video coding. DMS
alleviates both the running speed unbalance and synchronization
delay among multiple threads on multi-core platform.
Experiment results verified that video encoder with MRS can be
accelerated in average 9% by our proposed DMS, when
processors are fully utilized.
Index Terms – Video coding, MB-level parallelism, parallel
scheduling, speed unbalance, thread competition

I.

INTRODUCTION

Real-time video coding has always been a hot topic since
its heavy computational load for processors. Among various
speed-up technologies, parallel video coding is one of the
most efficient solutions to realize a real-time video encoder
on multi-core platforms.
Data parallelism is widely exploited in software video
encoders for its scalability. In summary, there are four typical
levels of data parallelism, including group of picture (GOP),
frame, slice and macro-block (MB). A GOP-level and a slicelevel parallel encoder for H.26L are presented in [1]. For
these two parallelisms, a sequence or a frame is decomposed
into multiple GOPs or slices, which can be encoded in
parallel. A frame-level parallelism is proposed in [2], by
which continuous B frames and their successive I or P frames
can be encoded in parallel. The concurrency among different
MBs was analyzed, and a Wavefront MB-level parallelism is
proposed in [3]. Additionally, there are also some other
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II.

ANALYSIS ON RUNNING SPEED UNBALANCE OF MRS

As mentioned above, MB-level parallelism is widely used
in software video encoder. In modern video coding standard,
such as H.264/AVC [11], and AVS [12] etc., data
dependences exit between current MB and its left, up, up-left
or up-right neighbors [3]. The cost of data exchange and
synchronization can’t be neglected. To alleviate the above
problems, most of MB-level parallel video encoders employ
MRS scheme [10].
However, in a software video encoder, many early
terminate algorithms are used, such as fast motion estimation
and fast mode decision, etc. These algorithms cause significant
difference in coding time of different MBs and cause the

145

PCS 2013

MB row by MB row. But unfortunately, in a software
realization, consistency between different threads can only be
protected by mutex. If a worker thread wants to encode one
MB, it has to lock a mutex and check whether the MB has
been assigned to other worker threads. The encoding task has
to be assigned serially, when more than one thread are waiting.
This cost of synchronization waiting delay can’t be neglected.
In this section, we propose an efficient Dynamic MBlevel Scheduling (DMS) scheme, to alleviate both the running
speed unbalance and the cost of synchronization.

unbalance of running speeds in different threads. Additionally,
threads are managed by operation system, which switches all
the threads in system if necessary, including the threads not
belong to the video encoder. When the number of threads is
more than that of physical cores, the running speed unbalance
is further worsened by computation resources competition
among multiple threads.

Figure 1. MB row based distribution
Fig. 1 shows the MRS scheme with four worker threads.
In this scheme, each thread is assigned to encode one available
MB row. After the thread 1 finished the first MB row, the fifth
MB row can start to be encoded. If a thread A assigned on MB
row A′ runs faster than the other thread B assigned on MB row
above A′ , the thread A has to wait. As shown in Fig. 1, though
the MB marked by “*” is available to be encoded immediately,
it still can’t be chosen by the above mentioned waiting thread
A. Thus, the computation resources of multiple cores can’t be
fully utilized in MRS scheme.
To verify our observation, we run our designed video
encoder with MRS scheme using 4 worker threads on i72600K processor with 8 logic cores. The wait-lock status is
captured by Intel VTune [13]. Figure 2 shows the waiting
status when encoding one frame. Each bar denotes a thread,
top three are control threads and the others are worker threads.
Deep color in each bar indicates running state, light color
indicates sleeping (waiting) state, and the lines between
different bars indicate wake-up operations. As can be seen,
there are frequent waitings between the threads encoding
adjacent MB rows.

Figure 2. Wait-lock captured by VTune [13]
From the above analysis and experiment, the performance
of MRS scheme can still be improved.
III.

DYNAMIC MB-LEVEL SCHEDULING (DMS)

As analyzed in last section, we can reduce the waitings of
MRS by assigning the encoding task MB by MB, other than
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A. Dynamic MB-level scheduling (DMS) Scheme
In DMS, the basic scheduling unit is a MB and each
thread can choose any available MB to encode it. After a
thread finished one MB, the MB on the right (if it is available)
has the highest priority than any other available MBs. As
shown in Fig. 3(a), if a thread finished MB B, and MB A has
been encoded, this thread will encode MB C directly. In
contrast, if MB A is encoding, this thread will encode another
available MB, for example, MB D shown in Fig. 3(b).

(a)
(b)
Figure 3. MB loads distribution of DMS scheme
To describe this scheme clearly, we define S as the set of
all the MBs in current frame, F as the set of encoded MBs,
and A as the set of available MBs. We also define MBx,y as the
MB with the index (x,y) in one frame. At the beginning of
encoding one frame, F is empty, MB0,0 is in set A. The process
of a worker thread can be described as follows.
DMS: Dynamic MB-level scheduling
FUNCTION Worker_Thread_Encode_Frame ( )
𝐱 = −𝟏;
WHILE (𝑭 ≠ 𝐒)
IF (𝒙 ≠ −1 & 𝑴𝑴𝒙+𝟏,𝒚 ∈ 𝑺 & (𝑴𝑴𝒙+𝟐,𝒚−𝟏 ∈ 𝑭 | 𝑴𝑴𝒙+𝟐,𝒚−𝟏 ∉ 𝑺))
x = x + 1;
ELSE
Lock mutex;
Get MBi,j from set A by TFD;
𝑨 = 𝑨 − {𝑴𝑴𝒙,𝐲 };
Unlock mutex;
x = i; y = j;
END IF
Encode MBx,y;
𝑭 = 𝑭 ∪ {𝑴𝑴𝒙,𝐲 };
IF (𝑴𝑴𝒙−𝟏,𝒚+𝟏 ∈ 𝑺 & � 𝑴𝑴𝒙−𝟐,𝒚+𝟏 ∈ 𝑭 � 𝑴𝑴𝒙−𝟐,𝒚+𝟏 ∉ 𝑺) )
𝑨 = 𝑨 ∪ {𝑴𝑴𝒙−𝟏,𝐲+𝟏 };
END IF
END WHILE

Here, TFD is a “top-first” function, which always chooses
the topmost MB in set A. It can be described as
TFD(𝑨) = 𝑀𝐵𝑥,y | ∀𝑀𝐵𝑖,j ∈ 𝑨, j ≥ y.

IV.

EXPERIMENTS

In this section, experimental results of MRS scheme and
DMS scheme are presented to demonstrate the advantages of
our proposed DMS scheme. We realized a DMS based video
encoder as described in above section, and also a MRS based
video encoder. We tested 6 typical 1080P sequences and
recorded the encoding speed in configurations of different
number of worker threads. Dell R610 server is chosen as
testing platform, there are two X5660 CPUs, and each CPU
has 6 physical cores. Test conditions are set as follows. GOP
structure is set as “IBBP…”, there are 25 frames in a GOP;2
reference frames are allowed for P frames, and the QPs of I, P,
B frames are set as 33, 35, and 37 respectively.
In the first experiment, we close hyper-threading
technology and set worker threads number from 1 to 12. As
shown in Fig. 5, video encoder with DMS scheme is faster
than video encoder with MRS scheme in all configurations of
worker thread number except the configuration of 1 worker
thread. And the speed-up of DMS over MRS is increased
along with the number of worker thread increases.

(1)

As can be seen, after a thread finished a MBx,y, it will
encode the MBx+1,y directly if it is available. In this case, no
lock operation is demanded. Since the MBx+1,y will never be
added to set A, any other threads don’t have a chance to
encode MBx+1,y. Obviously, this scheme can keep the
consistency and reduce the cost of lock operations.
B. Implement of Video Encoder with DMS
In this section, we will describe the realization of our
proposed DMS scheme in video encoder.
We chose xavs platform [14], which is an optimized
encoder of AVS1-P2 (Jizhun Profile) [12]. There are some
early terminate algorithms, such as fast motion estimation and
fast mode decision. Additionally, xavs use a cache structure to
store all the data required during encoding one MB. To get a
real-time HD video encoder, we optimized xavs with SIMD
(Single Instruction Multiple Data) technology.
Fig. 4 shows the structure of our designed encoder with
DMS. In order to reduce the influence of serial I/O,
independent threads for input and output are used. A framelevel control thread is used to connect I/O threads and worker
threads. In this structure, worker threads are managed with
symmetrical mode. MB loads can be chosen by worker threads
themselves. For communication, shared memory is used to
store information of encoded MBs. The shared data is loaded
into cache before encoding a MB and updated from cache after
finishing the MB.

Figure 5. Encoded frames per second with MRS and DMS
scheme
Figure 4. Structure of DMS based encoder
As shown in Fig. 4, each worker thread works as described
in last section. When a thread finished a MB, it can encode the
MB on the right directly without any lock operations. Only if
the MB on the right is unavailable, the thread has to enter into
the lock area and perform a TFD process. During TFD process,
a thread can also check whether all the MBs have been
encoded, and decide to endthe encoding process.

147

Table 1 lists the speed-up of our DMS based encoder
compared with MRS based encoder. The speed-up ratio is
calculated by
speed_up =

FPS𝐷𝑀𝑆

FPS𝑀𝑅𝑆

.

(2)

FPS𝐷𝑀S is encoded frames number per second of DMS based
encoder, and FPSMRS is encoded frames number per second of
MRS based encoder. As shown in Table 1, the speed-up ratio
of DMS over MRS is from 2% to 4% when worker threads
number is set from 2 to 10. The speed-up ratio increases to 9%

V.

in configuration of 12 worker threads. With the increasing of
worker thread number, the running speed unbalance becomes
more and more serious. When the worker thread number is set
the same as physical cores, competition of multiple threads
causes the unbalance further worse. Thus, DMS can get a
largest speed-up in configuration of 12 worker threads.
Table 1. Speed of MRS and DMS
Threads

1

2

4

6

8

10

In this paper, we proposed a dynamic MB-level scheduling
(DMS) scheme, and realized a DMS based video encoder.
This scheme alleviates both running speed unbalances and the
cost of multiple threads synchronization. Experiment results
testified that DMS based video encoder can get a speed-up of
9% over MRS based video encoder when the processor is fully
used. When hyper-threading is opened, the speed-up of DMS
over MRS is even larger.

12

Sunflower

0.99

1.03

1.04

1.03

1.04

1.04

1.09

ParkScene

0.99

1.03

1.03

1.03

1.04

1.06

1.08

Station

0.99

1.03

1.02

1.00

1.01

1.01

1.09

Riverbed

0.99

1.01

1.01

1.03

1.04

1.02

1.05

Kimono

1.00

1.03

1.03

1.03

1.02

1.04

1.11

Basketball

0.99

1.02

1.05

1.04

1.04

1.05

1.11

(Average)

0.99

1.02

1.03

1.03

1.03

1.04

1.09

CONCLUSION
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