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ABSTRACT. The latest video coding standard named H.265/HEVC (High Efficiency
Video Coding) offers high compression. In the intra coding of HEVC, potential intra
modes up to 35 should be checked to get the best mode which have optimal rate
distortion cost. The process is highly time-consuming. To alleviate the encoder
computation, a novel two-stage fast intra mode decision algorithm is proposed
based on mode probability statistics in this paper. A hierarchical mode decision
method for Rough Mode Decision (RMD) aim to reduce the number of prediction
modes. Adaptive mode decision method based on rate-distortion optimized
guantization (RDOQ) mainly focuses on how to reduce mode candidates. The
experimental results suggest that the proposed algorithm could reduce 31.5%
encoding time on average while BD-RATE may increase by up to 0.85% for HEVC
reference software HM16.9 under all-intra configuration.

Keyworbps: High Efficiency Video Coding (HEVC), intra prediction, fast mode
decision, texture direction.

1. Introduction

Nowadays, people tend to pursue high definition video, which requires high
compression of video content under limited bandwidth. To respond to this need,
video compression technology came into being. International Telecommunication
Union-Telecommunication Standardization Sector (ITU-T) and International
Organization for Standardization / International Electrotechnical Commission
(ISO/IEC) build Joint Collaborative Team on Video Coding (JCT-VC) release the
latest generation of efficient video coding compression standards—H.265/ HEVC [1]
in 2013. HEVC uses advanced processing technology to reduce the bit rate by nearly
half compared to the H.264/AVC in the same video encoding quality [2]. However,
HEVC is very complicated and requires a huge amount of computation, as shown in
the reference software H.16.9 [3] [4].
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In recent years, many optimization schemes for intra prediction have been
proposed to accelerate the speed of HEVC encoder and reduce coding complexity.
In [5], gradient histogram is built to reduce modes for RMD and RDO. In [6], an
adaptive mode decision algorithm based on video texture is proposed, which extract
gradient direction through calculate mean of absolute along different direction. Then
set constitute a new candidate list according to the gradient values, thereby reducing
the prediction calculation. In [7], a method for precluding the individual angle
prediction mode is proposed. The left and upper reference pixels of the PU are used
to obtain the removed pixels, and the prediction mode is reduced in advance in
conjunction with the literature [8] to speed up the intra coding.

The above fast algorithms based on intra prediction can effectively improve the
HEVC coding efficiency and reduce the coding time. But these authors all think
about methods for reducing modes before RMD. However, the time consuming of
RDO processing is very large. Therefore, this paper proposes a two-stage method
based on mode probability statistics.

The rest of the paper is structured as follows: The Section 1l mainly introduces
the basic knowledge of HEVC intra prediction and related research work. The
Section 111 details the proposed fast algorithm for intra prediction. To verify the
feasibility of the algorithm, a comparative experiment will be given in Section IV.
The Section V gives a final summary of this article.

2. HEVC Intra Prediction

In HEVC, a new unit called Coding Tree Unit (CTU) replaces the macroblock
structure in H.264. Each CTU is divided into different size Coding Units (CUs)
according to the recursive partitioning method of the quad-tree. Each CU may have
one or four PUs according to the quad-tree fashion. Therefore intra prediction in
HEVC supports 5 sizes of PU: 4x4, 8x8, 16x16, 32x32 and 64x64[9]. Each PU is
predicted by reference samples from the adjacent reconstructed blocks according to
35 luma prediction modes (i.e., mode 0 for Planar, mode 1 for DC, and others are
angular modes as shown in Fig. 1).
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Figure. 1 Intra luma prediction modes in HEVC

In the HM16.9 encoding process, "three-step method" is designed to get the best
luma prediction while minimizing the computational requirements in both the
encoder and decoder. The first step is the Rough Mode Decision (RMD). This step
uses Hadamard cost ranking to choose N modes as candidates as formula (1) [10].
The N modes with the lowest Hadamard cost are selected, and the N value is
determined by the PU size as shown in Table 1.

J = SATD + 4,04 B, e )

pred,satd pred

Where SATD is the absolute sum of the Hadamard transform of the original
pixel and the predicted pixel residual, Ayreq iS the Lagrangian factor, and B is the
encoding code rate of the PU in this mode.

Table 1 The Number of Candidate

PU Size 4x4 8x8 16x16 32x32 64x64

N 8 8 3 3 3

Considering the high correlation of spatial neighbors, additional Most Probable
Modes (MPMs) [11] [12] will be added to N candidates if they are not included yet.
Moreover three MPMs are obtained based on modes of two adjacent PUs, one left
and on above of the current PU.

Finally, RDOQ based RDO is then applied to obtain the best prediction mode
which with the lowest RD cost mode, and the cost is calculated as shown in formula

Q).
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J

Where SSE represents the sum of the squares of the difference between the
original pixel and the reconstructed pixel, Bnoe represents the distortion and the
number of bits, and Amege IS the Lagrangian factor. This process is computationally
more complex than the RMD.

=SSE+ 4

mod e

Bmod e @

mode

The process of three-step is to guarantee the accuracy of intra prediction, but it
brings huge computational complexity and encoding time shown as Fig. 2. So, the
modes calculated in RMD and RDO is smaller, the time consuming is less.

Figure. 2 Time-consuming coding

3. Proposed Fast Intra Mode Decision Algorithm

In order to reduce time consuming, the intra prediction modes are reduced in two
stages: hierarchical fast algorithm is based on RMD, the other is based on RDO.

3.1 Hierarchical fast algorithm based on RMD

The optimal intra mode of final PU can be divided into three groups as shown in
Fig. 3, the red modes, the purple modes and the blue modes. The red modes include
Planar mode, DC mode and the modes of four main direction. The purple modes
include two neighbor modes of four main direction. Therefore, the proposed
hierarchical fast intra prediction algorithm mainly focuses on how to reduce the
number of prediction modes based on RMD.
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Figure. 3 Optimal mode decision

As shown in Fig. 4, instead of the full 35 modes used in RMD process, the
proposed method only selects the modes through up to three layers of construction.
The construction of layers method is as follows:

The first layer: all red modes, namely non-angle mode, horizontal, vertical, 45 °
and 135 ° mode. The first layer mode set is represented by Ay, so A; = {0, 1, 2, 10,
18, 26, and 34}. After the first layer modes are calculated in RMD, the First
Minimum Mode (FMM) and the Second Minimum Mode (SMM) can be obtained.

The second layer: The second layer modes A; is set by FMM1 and SMML1. If
both FMM; or SMM, is not non-angle modes, the second layer mode will be set as
Ay, which is set according to Table 3. Moreover, A, = A,3 UA,,. Similarly, after
RMD FMM, and SMM, can be obtained.

N
| Update candidate list | FMMi
1 SMV i
[ mo |f =i |
Get RMD
Candidate

Figure. 4 Calculating based on RMD
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Table 2 Layer 1 Modes to Set

A | {0,1,2,10,18,26,34}

Table 3. Layer 2 Modes to Set

FMM,/SMM; Apa/Bssy
2 {3.4}
10 {8,9,11,12}
18 {16,17,19,20}
26 {24,25,27,28}
34 {32,33}

The third layer: When FMM, or SMM, is the mode next to blue modes, the
modes of this layer will be set as A; according to Table 4. Also, Az =Az4 UA3,.
After RMD all mode candidates before MPM can be obtained.

For example, if FMM, is mode 10 and SMM; is mode 26, then A,= {8, 9, 11, 12,
24, 25, 27, 28}. After RMD, FMM, is mode 12, SMM, is mode 24, then A= {13,
14, and 23}. Finally, all mode candidates can be obtained after the last RMD.

Table 4 Layer 3 Modes to Set

FMM/SMM Aoy SMM Aas
FMM,=FMM, +2/ {FMM,+1, | SMM,= FMM, +2/
SMM, +2 FMM,+2} SMM, +2 {SMM;+1}
FMM,=FMM, -2/ {FMM,-1, SMM,= FMM; -2/ ]
SMM, -2 FMM,-2} SMM, -2 { SMM,-1}

As a consequence, the hierarchical fast algorithm could simplify reduce the
RMD process modes in intra prediction

3.2 Fast algorithm based on RDO

Except that the time consumption of RMD process is very large, the RDO
process can’t be taken lightly. After RMD, there are 3 or 8 mode candidates and 3
MPMs will be calculate in RDO process. Furthermore, RDO process consumes
more than half of the intra prediction time. The stage algorithm is to reduce modes
calculated in RDO based on the probability analysis of RMD candidates and MPMs

As shown in Table 5, RMD[n] indicates the candidate mode that is sorted to n
after the RMD process. For the size of 64x64, 32x32 and 16x16 PUs, RMD [0] and
RMD [1] have about 70% probabilities to become the best mode. For the size of
other size of PUs, the first three RMD candidates have nearly 80% probabilities to
become the best mode. In addition, if the non-angle modes is included in the first
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few modes of RMD candidates, the possibility of becoming the best mode is always
high.

Table 5 One of RMD Candidates is the Best Mode

Modes 64x64 32x32 16x16 8x8 4x4
RMDI0] 46.7% 51.9% 57.1% 58.3% 65.5%
RMDI1] 22.4% 19.1% 19.4% 15.7% 13.1%
RMDI2] 7.7% 10.6% 10.6% 7.5% 5.9%
RMDI3] 4.6% 3.3%
RMDI[4] 3.5% 2.6%
RMD[5] None None None 2.8% 2.2%
RMDI6] 2.3% 1.8%
RMDI7] 1.9% 1.6%

Total 76.8% 81.6% 87.1% 96.5% 96.0%

Furthermore, the probability of that one of MPM modes become the best mode is
basically more than 80% as shown in Table 6.

Table 6 One of MPM Modes is the Best Mode

Sequence Percentage
Traffic 80.26%
ParkScene 88.5%
Kimonol 91.18%
FourPeople 85.09%
ChinaSpeed 83.37%
BlowingBubbles 90.29%
RaceHorses 71.68%
vidyol 83.48%
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Figure. 5 The algorithm based on RDO

Therefore, the second stage algorithm proposed in this paper is shown as Fig. 5.
After RMD process, if RMD [0] or RMD [1] is non-angle mode, first two RMDs
into RDO calculation. Else, find out whether RMD [0] or RMD [1] is included in
MPMs. If so, calculating as previous step, else, setting candidate modes based on
MPMs and RMDs relationships. Moreover, candidate modes is set as
RMD[0]~RMDIi] while the i is obtained by querying MPMs appears first location in
RMD.

Instead of calculating 3 or 8 candidate modes and MPMs in RDO process, the
proposed algorithm based on RDO selects few modes in RDO process to reduce
time computation.

4. Experimental Results

In order to verify the performance of the proposed fast mode decision algorithm,
this section shows the experimental results implementing in the HEVC test model
HM16.9 [13]. And the experiment uses JCTVC-L1100 [14] test conditions. The
simulation criteria are as follows: 20 frames; the QP are used at {22, 27, 32, and 37};
the GOP (Group of Pictures) is 8; the All Intra encoding mode (All Intra Main, Al-
Main) is used. The evaluation method uses the BD-BR method proposed by
Bjontegarrd [15] in the proposed VCEG-M33. The coding save time is calculated by
AT, and its calculation formula is:

1 ZTimeHM 160(QP) —Time,,, (QP)

AT== -
4 Time,,, 16, (QP)

x100% ®)
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Timeyo, indicates that the algorithm encoding time is time-consuming,
Timeymiso indicates that the reference software HM16.9 original encoding takes
time, QP= {22, 27, 32, and 37}.

Table 7 shows the performances of the proposed algorithm combining
hierarchical fast algorithm based on RMD and fast algorithm based on RDO. It
could be confirmed from the simulation results that our algorithm can reduce 31.5%
on average for the computational complexity, with BD-BR only increases 0.85%.
Moreover, some relevant proposals released recently are selected to make
performance comparisons. In comparison with the algorithm in [5] and [6], the
proposed algorithm have more reduction in computational complexity. The
algorithm in [6] just achieve little lower BD-BR compared with our algorithm.
Compare with [5], our algorithm have less BD-BR.

Table 7 Performance Comparison between Proposed Scheme and Recent Fast Intra
Decision Algorithm

Classes Sequences Jiang et al.[5] Liu et al. [6] Proposed algorithm
4 BD-BR/% | AT/% |BD-BR/% | AT/% | BD-BR/% | AT/%
A Traffic 0.5 20.4 0.4 28.9 0.7 30.1
PeopleOnStreet 0.6 20.4 0.7 29.3 0.9 31.7
B BasketballDrive 1.2 19.9 0.4 30.5 0.8 32.6
ParkScene 0.5 20.7 0.5 30.3 0.6 31.9
C BasketballDrill 0.8 19.6 0.5 28.7 1.1 30.4
BQMall 0.8 19.2 0.8 28.4 0.9 29.8
D BasketballPass 1.0 19.2 0.7 29.8 0.8 31.2
RaceHorses 1.1 20.4 1.4 28.7 0.9 30.7
E FourPeople 1.3 22.4 0.4 28.8 0.8 30.5
Johnny 2.1 23.0 0.8 29.3 1.0 32.6
Average 1.0 20.5 0.7 29.3 0.85 315
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Figure. 6 RD curves proposed algorithm with the original for BasketballPass
sequence
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Furthermore, in order to present the coding efficiency more intuitively, the RD
curves of the proposed algorithm for BasketballPass sequence is shown in Fig. 6.
From the curves we can conclude that the RD performance is very close to the
original encoder.

Therefore, from Table 7 it can be concluded that the proposed algorithm in this
paper almost always achieves the best compromise results between saving the
coding time and maintaining RD performance.

5. Conclusion

In this paper, a two-stage fast mode decision algorithm is proposed, which first
stage is hierarchical fast algorithm based on RMD and the second stage is fast
algorithm based on RDO. Through the two-stage the modes calculated in RMD and
RDO is reduced so that computational complexity is reduced. The simulation
experiments prove that our proposed algorithm could save a lot of encoding time
compared with original in HM16.9 for different sequences. Meanwhile, the bit rate
and video quality are controlled well.

Acknowledgements

This work was supported by the Youth Science Foundation project (Fund No.
61603153).

References

[1] G. J. Sullivan, J.-R. Ohm, W.-J Han. and T. Wiegand, “Overview of the High
Efficiency Video Coding (HEVC) standard,” IEEE Trans. Circuits Syst. Video
Technol., vol. 22, no. 12, pp. 1649-1668, Dec.2012.

[2] J.-R Ohm, G. J. Sullivan, H. Schwarz, T. K. Tan, and T. Wiegand, “Comparison
of the coding efficiency of video coding standards--Including High Efficiency
video Coding(HEVC),” IEEE Trans. Circuits Syst. Video Technol., vol. 22, no.
12, pp. 1669-1684, Dec.2012.

[3] K. McCann, C. Rosewarne, B. Bross, M. Naccari, K. Sharman, G. Sullivan, High
Efficiency Video Coding (HEVC) Encoder Description 0v16 (HM16), JCT-VC
High Efficiency Video Coding N14 703, 2014.

[4] H. Koumaras, M. Kourtis, D. Martakos, “Benchmarking the encoding efficiency
of H.265/HEVC and H.264/AVC,” in: Future Network Mobile Summit
(FutureNetw), pp. 1-7, July 2012.

[5] W. Jiang, H. Ma and Y. Chen, "Gradient based fast mode decision algorithm for
intra prediction in HEVC," 2012 2nd International Conference on Consumer
Electronics, Communications and Networks (CECNet), Yichang, 2012, pp.
1836-1840.

[6] X. Liu, Y. Liu, P. Wang, C. Lai and H. Chao, "An Adaptive Mode Decision
Algorithm Based on Video Texture Characteristics for HEVC Intra Prediction,"”

Published by Francis Academic Press, UK
-10-



Academic Journal of Computing & Information Science

ISSN 2616-5775 Vol. 2, Issue 1: 1-11, DOI: 10.25236/AJCIS.010013

in IEEE Transactions on Circuits and Systems for Video Technology, vol. 27, no.
8, pp. 1737-1748, Aug. 2017.

[7]1 A. Heindel, C. Pylinski and A. Kaup, "Two-stage exclusion of angular intra
prediction modes for fast mode decision in HEVC," 2016 IEEE International
Conference on Image Processing (ICIP), Phoenix, AZ, 2016, pp. 529-533.

[8] A. Heindel and A. Kaup, “Fast exclusion of angular intra prediction modes in
HEVC using reference sample variance,” to appear in Proc. IEEE International
Symposium on Circuits and Systems (ISCAS), Montreal, Canada, May 2016.

[9] H. Koumaras, M. Kourtis, D. Martakos, Benchmarking the encoding efficiency
of H.265/HEVC and H.264/AVC, in: Future Network Mobile Summit
(FutureNetw), July 2012, pp. 1-7.

[10] S. Cho and M. Kim, “Fast CU splitting and pruning for suboptimal CU
partitioning in HEVC intra coding,” IEEE Trans. Circuits Syst. Video Technol.,
vol. 23, no. 9, pp. 1555-1564, Sep. 2013.

[11] L.-L. Wang and W.-C. Siu, “Novel adaptive algorithm for intra prediction with
compromised modes skipping and signaling processes in HEVC,” IEEE Trans.
Circuits Syst. Video Technol., vol. 23, no. 10, pp. 1686-1694, Oct. 2013.

[12] N. Hu and E.-H. Yang, “Fast mode selection for HEVC intra-frame coding with
entropy coding refinement based on a transparent composite model,” IEEE Trans.
Circuits System Video Technol., vol. 25, no. 9, pp. 1521-1532, Sep. 2015

[13] HEVC Reference Model, accessed on May 2016. [Online]. Available:
https://hevc.hhi.fraunhofer.de/svn/svn_HE-VCSoftware/ tags/HM-16.9.

[14] F. Bossen, Common test conditions and software reference configurations,
JCTVC-L1100, in: 12TH JCT-VC meeting, Geneva, CH, pp. 1-4 , January 2013.

[15] G. Bjgntegaard. Calculation of Average PSNR Differences Between RD-curves.
Document VCEG-M33, ITU-T VCEG, 13™ Meeting, April. 2001.

Published by Francis Academic Press, UK
-11-



