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Abstract—This paper analyzes the new video compression as in all previous video standards since H.261itbntroduces

standard, High Efficiency Video Coding (HEVC). The man goal
of this standard is to save around 50% of the bitate keeping the
same quality as its predecessor H.264/AVC. This papeanalyzes
also the quality given by HEVC reference video code(HM) in

terms of PSNR and the complexity of the codec stag@ terms of
execution time.

Keywords-High Efficiency Video Coding, encoder, decoder,
Test Model (HM), PSNR, complexity analysis.

. INTRODUCTION

improvements in every stage.

A. Coding Tree Units and Conding Tree Block structure

In previous standards, the coding unit was the ofdack
(one 16x16 block of luma samples and, for the 4fa@rtnat,
two 8x8 blocks of chroma). In contrast, HEVC usesdiBg
Tree Unit (CTU). The CTU consists of Coding Treedks
(CTBs) for luma and chroma. A CTB for luma has LxL
samples and the corresponding CTBs for chroma L2XThe
value of L can be 16, 32 or 64. In that way, HEMf&1s more
flexibility than H.264/AVC. The CTBs are then pédned into

_The High Efficiency Video Coding (HEVC) is the neste coding blocks (CBs). They are always square. OnelCB
video coding standard, developed by ITU-T VCEG andyng jts associated two chroma CBs is referred ta @®ding

ISO/IEC MPEG working together in a partnership e@lloint
Collaborative Team on Video Coding (JCT-VC). Thesffi
edition of this standard was approved in April 2048d
published in June 2013 [1]. Currently 3 profilesvéaebeen
defined in the standard: Main, Main 10 and Mairl Blicture.
The Main profile is meant for typical video applicas, the
study in this paper is based on it. Main 10 profdethe
extension for higher bit depth, e.g., from 8 upl@®bits. And
the Main Still profile is a subset of the Main plefand it is
used for single images (only intrapicture coding).

The coding efficiency of HEVC has been designeddal
with the issues explained previously. It is sigrdfitly better
than its predecessor H.264/AVC. Coding efficienoyams the
ability to minimize the bit rate need for a spexifideo quality,
or formulated in another way, to maximize the vidpality
for a specific bit rate. The evaluations in [4] shilhat HM 6.0
which corresponds with the Committee Draft of HEM®)
average, reduces bit rate over H.264/AVC by alm3@&b with
an equivalent quality. These results rely on objectuality
assessments, Peak Signal to Noise Ratio (PSNR).

This paper provides an overview of the technicaluees
and characteristics of the HEVC standard, highightthe
differences with H.264/AVC. Moreover, using thettemdel
HM 8.0 and the tool Intel VTune, the standard wik
characterized by rate distortion and a complexihalysis
based on the time used for each coder stage.

1. HEVC CoDING DESIGN ANDKEY FEATURES

Unit (CU). A CTB may contain only one CU or may ¢mit in
multiple CUs. At CU level, there is additional péohing into
prediction units (PUs) and a tree of transformauiitus).

B. Prediction Units and Prediction Block

Depend on the prediction used the CB can be s$plihe
intra prediction mode is used, the size of the ietiedh Block
(PB) is the same as the size of the CB, excepthfoismallest
one, in that case, the CB can be divided in fous B8each of
them can be coded with a different intra mode.hd inter
prediction is used, the CBs can be split in 2 @y if the CB
size is the smallest allowed).

C. Transform Units and Transform Block

The prediction residual is coded using block tramss.
The CB residual may be identical to the Transfornit (TU)
or may be further partitioned into smaller TBs. HE¥llows
that a TB covers several PBs in a CU using intedigtion. In
that way, the benefits of the codification are m@xzed.

D. Intrapicture Prediction

The intrapicture prediction in HEVC is similar toet one
employed in H.264/AVC but extending the number a$gble
directions. HEVC uses 33 directional modes (agaihst 8
modes used in H.264/AVC), plus flat and planar nsode

E. Interpicture Prediction
Similar to H.264/AVC, quarter sample precision $&d for

HEVC uses the same *“hybrid” structure (inter andjuma and eighth sample precision for chroma (wheh04

intrapicture prediction and two-dimensional tramsfacoding)



format is used). For luma samples, HEVC employsBdap

filter for the half-sample positions and a 7-tajtefi for the

quarter-sample positions. H.264/AVC, in contrasesia 6-tap
filter for the half-sample positions and then agang to get the
guarter-sample positions. The process for the cahrsamples
is similar to the one for luma samples but usidgtap filter. In

contrast, H.264/AVC employs a 2-tap bilinear filter

IV. REsSULTS PSNR-BT RATE AND COMPLEXITY

ANALYSIS

Based on the PSNR-bit rate results got in thisysisl for
all the sequences and configurations under tegfeineral, the
bit rate decreases together with the PSNR when QRe
increases. Al configuration gives the better PSNR the bit
rate is 9 times bigger than in the rest of configions and the

HEVC employs Advanced Motion Vector (MV), a new PSNR is only 1-3 dB better. In another side, RAegibetter

merge mode and improved direct and skip modes.

F. Entropy Coding

HEVC uses a single method of entropy coding, Cdnte

Adaptive Binary Arithmetic Coding (CABAC), instead two
possible methods as in H.264/AVC, Context Adaptiegiable
Length Coding (CAVLC) or CABAC. The core is similés

the one in H.264/AVC but some improvements havenbee

added to improve the throughput, the compressi€iniafcy
and memory requirements.

G. In-loop Filters

Two filters have been integrated before writing the

reconstructed picture in the decoded buffer, a @eEdihg Filter
(DBF) and a Sample Adaptive Offset (SAO) filter.eThBF is
similar to the one in H.264/AVC but its design Hhasen
simplified in the decision making and filtering pess to assist
the parallel processing. The SAQ filter is a neamant and is
applied after the DBF. The SAO filter is appliedaib of the
samples, it is a nonlinear amplitude mapping asd@dal is to
improve the reconstructed samples adding an offséie.
SAOQ gives an additional refinement after DBF.

I1l.  FUNCTIONAL ANALYSIS

The examined software is HM 8.0 [5] using Main Heof
(MP). HM 8.0 describes HEVC Draft International 1&tard.
Currently, the last version is HM 11.0 and it reygnets the
standard. The differences between HM 8.0 and HNO 1dr
MP are expected to be marginal.

A. Test Conditions and Sequences

Table | shows the test conditions (All-Intra (ARandom
Access (RA), Low-delay P (LP) and Low-delay B (LExd
the 8-bit sequences used for the analysis.
configurations, QP values of 22, 27, 32 and 37uaesl.

TABLE 1. TESTCONDITIONS AND SEQUENCES
Configurations
Format Seq. Name Fram. Fram. 9

No. rate Al | RA | LB | LP
832x48
WVGA RaceHorses 300 30 fps X X
416x240 | BlowingBu
WOQVGA bbles 500 50 fps X X X X
352288 | Mobile 300 | 30fps| x| x| x| x
176x144 .
QCIF Claire 494 30 fps X X X X

results than LB, and this one better than LP. Téason
because RA provides the best results is that ribdinices an
Intra picture every 32 pictures, for this kind aftpres the QP
applied is lower so the final quality is increasé® shows

Xpetter results than LP due to the fact that theidupes get

better compression than the P ones so for the bémete, the
quality is bigger in LB.

According to the data extracted in the complexitalgsis
developed with Intel VTune Amplifier, the codingder Al
configuration has the lowest complexity due to tinéer
prediction does not exist in this case. Also, f@ $ame reason,
the computational load in T/Q/IT/IQ and EC is bigder Al
than in the rest of configurations. The inclusidntioe inter
prediction increase the complexity in RA, LB and, LP42
times the time required for Al. The QP values hale an
impact in the time. Increasing the QP from 22 tpth@& time is
reduced between 7% and 16%; from 27 to 32, thectiaiuis
between 10% and 21%; and finally, from 32 to 3%, time is
reduced between 9% and 21%.

V. CONCLUSIONS

In this paper, it has been presented the resulteeoRate
Distortion analysis of HM 8.0 under the Al, RA, L&d LP
configurations. They testbenches were executed doh e
configuration using QP values of 22, 27, 32 and Biie
resolutions of the test sequences varied from Q@bFto
WVGA. The Rate Distortion analysis relied on PSNR.
complexity analysis has been also presented irdtddament.

HEVC represents a flexible, reliable and robusutsmh
which introduces a number of advances in video rapdi
technology. The complexity increase is affordable, bbased
on the results of the analysis, a lot of work iguieed in the
market of the mobile devices where the power copsiom

For ethe€ind the size of the chip are essential. In gengraicomplexity

of the standard is in the inter prediction, duettie motion
estimation, so it could be a good candidate tadrgptimize
the implementation.
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HEVC Reference Sofgtware v8.0, in line, avai@blin:
https://hevc.hhi.fraunhofer.de/svn/svn_HEVC Softuizigs/HM-8.0/
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