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Abstract—High Efficiency Video Coding (HEVC) is the latest
video compression standard for high resolution video content.
It is said that HEVC promises the significant compression
performance improvement compared to the H.264/AVC.
However,it comes with the tremendous encoding complexity
increase. It is necessary to decrease the computation
complexity of coder. In this paper, after analysis of the coding
unit and prediction unit algorithm, a fast mode decision
scheme for intra prediction is proposed. This algorithm
calculates firstly the texture complexity of coding unit, and set
the rational threshold to select the size of coding unit fast; then
a modified search process is used to decrease the number for
candidate modes of prediction,finally early termination for
rate-distortion optimized quantization(RDOQ) is used for
Intra prediction. The simulation results showed that,compared
with the recent HEVC conference software ,the proposed
algorithm can reduce about 40.9% encoding time while suffers
from a negligible on bit-rates performance and a negligible
average PSNR loss.
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I. INTRODUCTION

The use of high-definition(HD) broadcast and television
services above HD-level has become widespread, aided by
rapid progress in multimedia processing technology.
Recently, under the efforts of Joint Collaborative Team on
Video Coding (JCT-VC),high efficiency video coding
(HEVC) was established[1], in order to set up a new, more
efficiency and state-of-the-art video compression standard.

HEVC is still under the traditional block-based hybrid
coding frame, but it introduces a large number of innovations,
including the recursive tree structure, multi-angle intra
prediction, large block transforms, advanced motion
estimation, adaptable loop filtering operations and
etc[2][3][4].The macro-block concept in H.264/AVC has
been replaced by the Coding Unit (CU), and then each CU is
split into sub-CUs, Each leaf sub-CU can be further split into
many entities are called prediction units (PU) and transform
units(TU).In the intra prediction process, both CU and PU
are squared size with one 2Nx2N unit or four NxN sub-unit,
where N is one of the array[4,8,16,32].Besides, TU is also
recursively imple- mented for residual coding and incurs
more complexity requirement. Figurel gives the based
recursive structure illustration for CU, PU and TU. For detail
description, please refer the[1].
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Figurel.

Intra coding in HEVC can be considered as an extension
of H.264/AVC, as both approaches are based on spatial
sample prediction followed by transform coding. However,
In HEVC, there are 35 directional intra prediction
candidates, where mode 0 is Planar mode, mode 1 is DC
mode and 2 to 34 are angular prediction modes with
different directions[5], as shown in Figure 2. It requires so
much computing resource to recursively conduct full
Rate-Distortion Optimized Quantization (RDOQ) for all
modes at different PU levels. In HEVC reference software,
a three-step mode decision process is adopted [6]. Firstly,
rough mode decision is used for the mode candidates; and
then checking the most possible mode(MPM); Furthermore,
recursive transforms are applied to the optimal mode from
the first two stages for the residual coding to derive the
final best coding mode. Though the method can get a nice
video quality, the calculate complexity still quite high for
application.
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Figure2. Intra prediction modes

The rest of the paper is organized as follows. Section 2



review related works for intra predictions. Section 3
introduces the proposed fast intra prediction algorithm.
Section 4 presents the simulation result, and our conclusions
are given in Section 5.

IL.

Fast intra mode decision has been extensively studied for
H.264/AVC, it is also the important research point for
decreasing the complexity in HEVC. However, these
algorithms for H.264/VC can not be directly applied to the
HEVC due to so many different coding structure and
prediction modes. Recently, some fast intra prediction
algorithms are proposed for HEVC.

In reference [7], Tan et al. proposed a fast RQT algorithm
for both intra and inter mode coding in order to reduce the
calculating complexity. In [7], for all intra case, encoding
time can be saved 13%, however, BD-Rate justly increases
0.1%. For random access and low delay constraint, it reduces
up to 9% encoding time with 0.3% BD-Rate performance
degradation.

J. Lainema et al. proposed an intra prediction method
which is designed to provide high compression efficiency
and which can be implemented effectively in resource
constrained environments making it applicable to wide range
of use cases[8]. That algorithm outperforms the prior
H.264/AVC on average 4.8% and exceeds 10% in the
dominant directional structures.

Liang Zhao et al. proposed a fast mode decision by
reducing the candidates in RDO process [9]. In that proposal,
most probable mode (MPM) is included for RDO in order to
reduce the number of the candidates. Besides, the
experimental results show the proposed scheme provides
14% and 20% time saving in intra high efficiency and low
complexity cases compared to the default encoding scheme
in HMO0.9, and adopted into the HEVC test model.

Reference [10] presents a fast prediction method based
on edge information of the current PU. It chooses a reduced
set of directions so as to decrease the cost of very high
computational complexity. Final experimental results show
that algorithm can provide a decrease of up to 32.08% with
negligible PSNR reduction.

Reference[11] exploits the correlation between the
prediction directions of neighboring prediction units and that
of the encoded prediction unit, and then creating a merger
priority list of prediction directions for current PU. The
method can improve the efficiency of intra prediction, and
minimize the complexity of encoder and decoder.

In reference [12], Guifeng Tian et al. proposed a PU size
decision algorithm to speed up the intra coding. In the
method, two-stage is applied. In the pre-stage, filtering the
unnecessary PU by analyzing the texture complexity of LCU
and its four sub-block; secondly, skipping the small PU
candidates by referring the neighboring PU. The simulate
results present that proposed method can speed up by
averagely 44.91, and PSNR degradation less than 0.04dB.

In reference[13], Hao Zhang and Zhan Ma proposed a
fast intra prediction through reduce the count of candidate
modes. Firstly, list the initial modes for searching better
candidate mode; Secondly, searching the best modes based
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the search steps; Thirdly, early RDOQ termination. The
result of proposed arithmetic achieves 38% encoding time
reduction with less than 3% BD-Rate increase.

There are many other fast intra prediction algorithms for
HEVC, however, aforementioned algorithms and others are
mainly focusing on PU size selected with skipping the
unnecessary further split or merger process; they don’t
combine the CU fast algorithms and PU related algorithms
for further increasing the coding efficiency.

III.

The proposed method fully considers the CU and PU size
or modes decision algorithms. In CU partition, we analysis
the CU texture characteristic, in order to decide whether split
the current CU. In PU partition, we exploit down-sampling
prediction, similar three-step search [14] and early
termination for intra prediction so as to reduce the candidate
modes and speed up intra prediction. The following is detail
of the all process.

PROPOSED ALGORITHM

A. CU early termination

It is already proved that when the CU texture is flat, or
the pixels in CU are similar, the CU may not divide sub-units;
when the CU texture is complex, the CU generally splits into
smaller sub-unit and then finds the best size [12].

In our proposed algorithm, down-sampling method is
exploited to decrease the computational complexity and get
rid of nose. In Figure 3, the current CU apply the 2:1
down-sampling filter by a simple average operator (2:1 in
direction of horizontal, and 2:1 in direction of vertical), other
size CU have the similar operation.
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Figure3. Illustration of simple averaging based down-sampling on
64x64CU

After down-sampling, the complexity of the original
LCU can be executed as its variance defined as

B = ZZ[D(LJ)—ﬁﬁ(ZZ p(i,j)ﬂ (1)
E

com N is

the size of the current CU, P(i, J) is the pixel and (i, J) is

the coordinate in CU .
Based on the texture calculation, we set the two threshold
for tradeoff of coding quality and complexity reduction, they

where represents the texture complexity,



are Threl and Thre2 When the complexity is greater
thanThrel, the CU is split; when the complexity is less
thanThre2, the CU is optimal; When the complexity is

between Threland Thre2, referring the HEVC reference
software.

B. Fast PU modes decision

In HEVC reference software, there are quite computation
complexity for selecting a optimal mode from 35 modes. We
proposed a fast intra mode decision algorithm to reduce the
complexity. The algorithm is formed by two stage; firstly,
calculating Sum of Absolute Differences(SAD) by the
down-sampling method, and then applying the similar
three-step search algorithm to remove unnecessary modes;
secondly, RDO early termination. The detail operation of the
algorithm is following:

DInitially,  creating  candidates  list Sl
{0,1,2,6,10,14,18,22, 26,30,34}from 35 prediction modes,
and then check S1 so as to select 5 optimal modes by SAD,
Suppose the 5 mode are S2={0,2,10,18,34}.

2)Based on the three-step algorithm, we firstly extend the
list S2, the 2-distance neighbors of S2 are
S3={4,12,20,32}(the mode O and 1 are Considered
separately), checking theS1,S2 and S3 in order to get the
optimal modes, suppose the optimal modes are S4
={6,14,22}. Additionally, suppose the modes of upper and
left PUs are S5={1,4},checking S1,S2,S3,S4,S5 for the
optimal modes, suppose the optimal two modes are
S6={4,6}.

3)The 1-distance neighbors of S6 are S7={3,5,7} ,
choosing the best K modes as the candidates for full RDOQ
by checking the list from S1 to S7. Suppose K is 3 and
modes are {3,5,6}, besides, the minimal cost of modes is
Cmin(Cmin is the cost of mode min); if the cost of mode m
is larger than weighted Cmin, as C,>aC,_, > and then

mode m does not perform the full RDOQ. If C,_<aC

min ’

ifthe |min-m|>3, skip the mode m; if the |min— m| <3,

applying the HEVC reference software algorithm. Other
modes are processed similarly.

C. Integrated fast algorithm

Our paper considers the CU and PU, and then sets the
threshold, reduces the intra prediction candidates and early
termination method etc. Figure 4 is the general process for
current CU.
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Figure 4. Proposed method for fast intra prediction

IV. SIMULATION RESULTS

The proposed algorithm has been implemented into the
HEVC reference software HMS8.0 [15]. The HEVC test
sequences are shown in reference [16] and the common test
condition is the constraints of intra-only. In order to compare
the performance of proposed algorithm against HMS.0,
simulations are carried out using the PC with Intel Pentium
E5800 @3.2GHz, 2GB memory, and windows 7Professional
SP1 32-bit O/S, Quantization parameters are 22,27,32,37.
The performances are evaluated based on BD-rate,
BD-PSNR and A t. The BD-rate and BD-PSNR are
calculated by the tools in [17]; At is the coding time

reduction and measured by the equation(2).
t=— Tlmeproposed _TimeHM

Time,,,

x100% 2)

Where Timepmposed and Time,,,, represent the time of

proposed method and the traditional method time
respectively.

Table 1 shows the simulation results by the proposed
algorithm. Table 1 reveals the average cost time reduction,
the negligible BD-rate increases and the BD-PSNR loss. In
view of its complexity, the proposed method saves, on
average, 40.9% cost time, and the biggest complexity saves
is 44.1%. The average increases of BD-rate (Luma-Y) are
1.6% and the average losses of BD-PSNR is 0.05dB. It is
also suggested more time tend to be saved in the low bit rate
cases. That is because that under the low bit rate condition
larger CUs are efficiency and intra prediction modes are
similar.

As the table results, the encoder is more likely adopt
larger CUs, and early termination and skipping the
unnecessary candidates can get a big time reduction and

maintaining the RD performance.



TABLE 1. SIMULATION RESULTS BY COMPARING WITH HMS.0

class sequences BD-rate | BD-PSNR At(%)
(%) (dB)

A NebutaFestival 0.5 -0.08 -41.9
PeopleOnStreet 1.8 -0.02 -41.2
SteamlLocomotiveTrain | 1.0 -0.03 -40.8
Traffic 1.3 -0.04 -39.5

B BasketballDrive 1.8 -40.3

-0.01
BQTerrace -0.08 -0.05 -43.4
Cactus -0.02 -0.01 -39.5
Kimonol -0.03 -0.03 -41.6
ParkScene -0.04 -0.03 -40.2

C BasketballDrill -0.01 -0.06 -44.1
BQMall -0.05 -0.08 -42.8
PartyScene -0.01 -0.06 -41.8
RaceHorses -0.03 -0.04 -43.67

D BasketballPass -0.03 -0.1 -40.0
BlowingBubbles -0.06 -0.06 -39.0
BQSquare -0.08 -0.07 -49.3
RaceHorses -0.06 -0.08 -39.3

E FourPeople -0.04 -0.05 -40.1
Johnny -0.1 -0.06 -38.7
KristenAndSara -0.06 -0.07 -40.2

average 1.6 -0.05 -40.9

V. CONCLUSIONS

In this paper , a fast intra prediction algorithm is
presented. The proposed method consider the CU and PU to
speed up the coding, which employs the texture complexity
of CU and exploits the similar three-step search to reduce the
intra candidates of PU. Simulation results show that the
encoding computational complexity can be reduced by
40.9% on average and up to 44.1% compares to the HM
software. The proposed method proved it can provide a good
performance.
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