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Evaluation of performance and complexity
comparison for coding standards
HEVC vs. H.264/AVC
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Abstract—In order to compare the performance and complexity
without significant rate-distortion performance degradation, the
HEVC coder vs. H.264/AVC coder are tested for the fixed
Quantization Parameter (QP) value, when Main profile, appropriate
motion vector (MV) search ranges and hierarchical B pictures are
used. Simulation results have shown that the encoding time saving is
reduced up to 50%, while the bit-rate is reaching over 69%
depending on the tested video sequences, when reference HEVC
software HM-15.0 is compared to reference H.264/AVC software JM
18.6. However, there was negligible loss in term Signal-to-Noise
Ratio (SNR).
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I. INTRODUCTION

N increasing diversity of services, the growing popularity

of HD video, and the emergence of beyond HD formats

(e.g., 4kx2k or 8kx4k resolution) are creating stronger
needs for coding efficiency superior to H.264/MPEG-4 AVC’s
capabilities. Need for codec superior than H.264/AVC was
result in newest video coding standard High Efficiency Video
Coding (HEVC). HEVC is the video coding standard of the
ITU-T Video Coding Experts Group and the ISO/IEC Moving
Picture Experts Group [1]. The HEVC standard is designed to
achieve multiple goals, including coding efficiency, ease of
transport system integration and data loss resilience, as well as
ease of implementation using parallel processing architectures.
The new codec offers a much more efficient level of
compression than its predecessor H.264, and is particularly
suited to higher-resolution video streams, where bandwidth
savings with HEVC are around 50% [2], [3]. The improved
efficiency that this codec brings will help to ease traffic load in
networks and enable the creation of new and advanced video-
based services.

This paper is organized as follows. After an introduction
section 2 describes shortly H.264/AVC standard and HEVC
background. Section 3 contains experimental results and
discussion. Section 4 provides closing remarks.
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Il. H.264/AVC AND HEVC BACKGROUND

In order to provide better compression of video, compared
to previous standards, H.264 MPEG-4 part 10 video coding
standard was developed by the Joint Video Team (JVT) [4].
H.264 fulfills significant coding efficiency, simple syntax
specifications, and seamless integration of video coding into
all current protocols and multiplex architectures [5], [6]. Thus,
H.264 can support various applications like video
broadcasting, video streaming, video conferencing over fixed
and wireless networks as well as over different transport
protocols, where subjective video quality becomes hot topic
[7].

H.264 outperforms over the previous standards by
introducing the special coding algorithms such as intra-
prediction, 4x4 integer transform, several block size, quarter-
per accuracy motion vector, and multiple reference prediction,
and weighted prediction for motion compensation, deblocking
filter, CAVLC and CABAC. For error resilience, parameter
setting, flexible macroblok ordering, redundant slice, and SP
and Sl slices are employed [8, 9]. Also, H.264/AVC defines a
set of Profiles and Levels [10], [11].

During evolution, JVT added new extensions known as the
Fidelity Range Extensions (FRExt). The Scalable H.264/AVC
extension is applied, as well as, Multiview Video Coding
(MVC).

HEVC standard represents a number of advances in video
coding technology. Its video coding layer design is based on
conventional block-based motion compensated hybrid video
coding concepts, but with some important differences relative
to prior standards [3].

The macroblocks used in H.264/AVC are replaced by
Coding Tree Units (CTU’s) in HEVC. CTU has a size selected
by the encoder and can be larger than a traditional macroblock.
The CTU consists of a luma Coding Tree Block (CTB) and the
corresponding chroma CTBs and syntax elements. The size
LxL of a luma CTB can be chosen as L = 16, 32, or 64
samples. HEVC then supports a partitioning of the CTBs into
smaller blocks using a tree structure and quad tree-like
signaling. The CTU is further partitioned into multiple CUs to
adapt to various local characteristics. A CU can be split into
one, two or four Prediction Units (PUs) according to the PU
splitting type. HEVC defines two splitting shapes for the intra
coded CU and eight splitting shapes for inter coded CU.
Similar with the PU, one or more TUs are specified for the
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CU. The TU is a basic representative block having residual or
transform coefficients for applying the integer transform and
quantization [1].

Intra coding in HEVC is considered as an extension of
H.264/AVC, as both approaches are based on spatial sample
prediction followed by transform coding. The basic elements
in the HEVC intra coding design include: quad tree-based
coding structure following the HEVC block coding
architecture, angular prediction with 33 prediction directions,
planar prediction to generate smooth sample surfaces etc. In
chroma intra prediction, quite often structures in the chroma
signal follow those of the luma. HEVC introduces a
mechanism to indicate the cases when chroma PU utilizes the
same prediction mode as the corresponding luma PU. Angular
intra prediction in HEVC is designed to be able to efficiently
model different directional structures typically presented in
video and image contents. In reference pixel handling the intra
sample prediction process in HEVC is performed by
extrapolating sample values from the reconstructed reference
samples utilizing a given directionality.

The major changes in the inter prediction of HEVC
compared to H.264/AVC are in PB partitioning and fractional
sample interpolation. Compared to intra picture-predicted
CBs, HEVC supports more PB partition shapes for inter
picture-predicted CBs. The partitioning modes of
PART-2Nx2N, PART-2NxN, and PART-NxX2N indicate the
cases when the CB is not split, split into two equal-size PBs
horizontally, and split into two equal-size PBs vertically,
respectively. PART-NXN specifies that the CB is split into
four equal-size PBs, but this mode is only supported when the
CB size is equal to the smallest allowed CB size. In addition,
there are four partitioning types that support splitting the CB
into two PBs having different sizes: PART-2NxnU,
PART-2NxnD, PART—nLx2N, and PART—nRx2N. These
types are known as asymmetric motion partitions (AMP) [1].

As in H.264/MPEG-4 AVC, HEVC supports motion vectors
with units of one quarter of the distance between Iluma
samples. For chroma samples, the motion vector accuracy is
determined according to the chroma sampling format, which
for 4:2:0 sampling results in units of one eighth of the distance
between chroma samples. The fractional sample interpolation
for luma samples in HEVC uses separable application of an
eight-tap filter for the half-sample positions and a seven-tap
filter for the quarter sample positions.

The deblocking filter is applied to all samples adjacent to a
PU or TU boundary. HEVC applies the deblocking filter only
to the edges that are aligned on an 8x8 sample grid. SAO
(sample adaptive offset) filter is applied after deblocking. SAO
add offset to pixels depending on their categorization (band,
edge). Two SAO types that satisfy the requirements of low
complexity are adopted in HEVC: edge offset (EO) and band
offset (BO). SAO syntaxes are restricted to one CTB and can
be merged with other CTUs.

Unlike the H.264/AVC specification that features CAVLC
and CABAC entropy coders, HEVC defines CABAC as the
single entropy coding method [1].
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I1l. EXPERIMENTAL RESULTS AND DISCUSSION

We evaluated the performance of the HEVC model (HM-
15.0 [12]) and compared it with that of the Main profile
H.264/AVC standard (JM18.6 software [13]). The
configuration of H.264/ AVC was as follows: Main profile,
two values of Levels: 4.0 and 5.0 Quantization Parameters
(QP) value was 32, hierarchical B pictures were used, MV
search range was 16, period of I-pictures: only first, reference
frame number equals to 4, Hadamard transform was used,
CABAC entropy coding was enabled and group of pictures
(GOP) format IBBP (with 7 B pictures between | and P
pictures) was used.

On the other hand, for testing HEVC, the random access
main configuration was used. The HEVC configuration was as
follows: Main profile, two values of Levels: 4.0 and 5.0,
hierarchical B pictures, period of I-pictures: only first,
Hadamard transform was used, MV search range was 64,
SAO, AMP and RDOQ were enabled, and GOP length 8 in
IBBB format was used. The QP used was 32.

Experiments were carried out on the recommended
sequences with fix quantization parameter value QP=32. We
chose QP=32 as value of the QP, because it is approximately
average value in reference software’s.

For the experiments two test sequences with different
resolution and frame rates are selected. We used the first 100
frames of the two different test sequences: Mobile Calendar
and City test sequences in High Definition (HD) resolution
(1280x720 pixels) and Park Scene and Kimonol test
sequences in Full High Definition (full HD) resolution
(1920x1080 pixels). The HD test sequences belong to class E,
while full HD test sequences belong to class B [1]. All the test
videos are in YUV 4:2:0 format and progressive.

Next, we have used CABAC entropy coding method
because this method is implemented in both video coding
standards for Main profile. Also, The SNR values of luma (Y)
component of pictures are used. We measured SNR only for Y
because human visual system is more sensitive to luma then to
chroma components of pictures. Finally, we have applied
Hadamard transformation because it improves the encoder
performance comparing to other transformations [10].

Comparisons were performed with respect to the change of
average Signal to Noise Ratio - SNR (ASNR), the change of
average data bit-rate (ABit-rate), and the change of average
encoding time saving (ATime), respectively.

Table 1 shows the performance of the compared reference
codecs for B pictures processing in the IBBP and IBBB
structure for QP=32, respectively, based on our simulation
results.

When HD test sequences are processed, bit-rate is reduced
over 80%, while the encoding time saving is reaching 50%. On
the other hand, when full HD test sequences are processed, bit-
rate is reduced over 69 %, while the encoding time saving is
reaching 44,5%. For all test sequences there is negligible loss
in term SNR for luma component of picture by HEVC codec.
Generally, when HM-15.0 is compared to reference software
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encoding time savings are reduced in average 46,30%.
Table 1. Experimental results for B pictures and QP=32, when "!
HM-15.0 and JM-18.6 are compared o
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'Fig. 2. Bit-rate curves when HM-15.0 is compared with JM-
18.6 for Mobile Calendar (a), City (b), Park Scene (c), and
Kimono1l (d) test sequences.

These bits-rate saving and SNR-Y curves indicate that the
HEVC standard encoder clearly (HM-15.0) outperforms
H.264/AVC standard encoder (JM 18.6) in terms of coding
efficiency (it provides 50% bit-rate savings) for both tested
applications.

Finally, Fig. 3, Fig. 4, Fig. 5 and Fig. 6 show HEVC (HM-
15.0) vs. H.264/AVC (JM-18.6) video for the all test
sequences, respectively.

H.264/AVC

HEVC

Fig. 3. HEVC vs. H.264/AVC subjective video assessment for
Mobile Calendar test sequence.
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Fig. 4. HEVC vs. H.264/AVC subjective video assessment for
City test sequence.

H.264/AVC HEVC

Fg. 5. HEVC vs. H.264/AVC sbjective video assessment for

Park Scene test sequence.
H2641AVC HEVC

Fig. 6. HEVC vs. H.264/AVC subjective video assessment for
Kimonol test sequence.

From both figures it’s obvious that when HEVC is
compared to the corresponding H.264/AVC standard trough
subjective assessment results clearly indicate that there is
negligible loss in term SNR.

IV. CONCLUSION

The results presented in this paper indicate that the HEVC
standard (HM-15.0) encoder clearly outperforms H.264/AVC
standard encoder (JM 18.6). The results of objective tests are
presented, where PSNR, bit-rate and encoding time saving are
measured, indicating that the encoding time saving is reduced
up to 50%, while the bit-rate is reaching over 70% with
negligible loss in PSNR for HD and full HD test sequences.
Also, results of subjective tests are provided comparing HEVC
vs. H.264/AVC.

REFERENCES

[1] G.J. Sullivan, J-R. Ohm, W-J. Han, T. Wiegand, “Overview of the High
Efficient Video Coding (HEVC) standard”, IEEE Trans. on Circuits
and Systems for Video Technology, vol. 22, no. 12, pp. 1649-1668,
December 2012.



INTERNATIONAL JOURNAL OF COMMUNICATIONS

[2] J-R. Ohm, G. J. Sullivan, H. Schwarz, T. K. Tan, T. Wiegand,
“Comparison of the coding efficiency of video coding standard —
including High Efficient Video Coding (HEVC)”, IEEE Trans. on
Circuits and Systems for Video Technology, vol. 22, no. 12, pp. 1669-
1684, December 2012.

[3] F. Bossen, B. Bross, K. Suhring, D. Flynn, “HEVC complexity and
implementation analysis”, IEEE Trans. on Circuits and Systems for
Video Technology, vol. 22, no. 12, pp. 1685-1696, December 2012.

[4] 1. E. G. Richardson, H.264 and MPEG-4 video compression video
coding for next-generation multimedia, John Viley & Sons Ltd., The
Atrium, Southern Gate, Chichester, West Sussex PO 19 8SQ, England,
2003.

[5] T. Weigand, G. Sullivan, G. Bjontegaard and A. Luthra, "Overview of
the H.264/AVC video coding standard", IEEE Transactions on Circuits
and System for Video Technology, vol. 13, no. 7, pp. 560-576, July
2003.

[6] A. Puri, H. Chen, A. Luthra, "Video coding using the H.264/MPEG-4
AVC  compression  standard”, Signal  Processing:  Image
Communication, vol. 19, is. 9, pp. 793-846, October 2004.

[7] Zoran Milicevi¢, Zoran Bojkovi¢, Kamisetty R. Rao, "An approach to
interactive multimedia systems through subjective video quality
assessment in H.264/AVC standard”, WSEAS TRANSACTIONS on
SYSTEMS, vo. 11, is. 8, pp. 305-314, August 2012.

[8] S. Kwon, A. Tamhankar, K. R. Rao, "Overview of the H.264/MPEG-4
part 10", Journal of Visual Communication and Image Representation,
vol. 17, is. 9, pp. 186-215, April 2006.

[9]1 Zoran Milicevic, Zoran Bojkovic, “Computational time reduction using
low complexity skip prediction for H.264/AVC standard, WSEAS
Transactions on Information Science and Applications®, is. 1, vol. 14,
New Jersey, USA, Athens, Greece, pp. 59-63, January 2007.

[10] J. Ostermann, J. Bormans, P. List, D. Marple, M. Narroschke, F.
Pereira, T. Stockhammer, and T. Wedi, "Video coding with
H.264/AVC: tools, performances, and complexity”, IEEE Circuits and
System Magazine, first quarter 2004, pp. 7-28.

[11] Zoran M. Milicevic, Zoran S. Bojkovic, "Intra/inter algorithm for B
frame processing in H.264/AVC encoder”, North Atlantic University
Union - International Journal of Communications, issue 1, volume 1,
pp. 10-16, 2007.

[12] svn://heve.kw.bbc.co.uk/svn/jctve-hm/, 2014.

[13] http://bs.hhi.de/~suehring/tml/download/JM18.6, 2014.

——

Zoran M. Milicevic received the B. S. degree in technical science from the
Military Academy in Belgrade in 1996 and M. Sc. and Ph.D degree in
technical science from the University of Belgrade, Republic of Serbia in 2003
and 2011, respectively.

He currently works for Department of Telecommunication and IT GS of
the SAF in Belgrade. He is the author and co-author of more than 40
scientific journal and conference papers. His current research interest includes
video and image coding compression algorithms and implementation.

Zoran S. Bojkovic (M’07) received the B. S, M.Sc and Ph.D degree, all in
electrical engineering, from the University of Belgrade, Republic of Serbia, in
1964, 1974 and 1978, respectively. Since 1969 he has been with the
University of Belgrade, where he is a Professor of Electrical Engineering. He
was a visiting professor in USA, Korea, Germany, Norway and many other
countries all over the world.

ISSN: 1998-4480

Volume 9, 2015

Prof. Bojkovic has published more than 400 invited, regular and tutorial
papers in international books, journals and conference proceedings. He is also
an active reviewer and a member of scientific committees of numerous
journals and conferences. He is co-authors of 5 books together with professor
K.R. Rao in the area of multimedia communications published by Prentice
Hall Wiley and CRC Press. His areas of interest are image and video
processing as well as multimedia communication.





