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This thesis mainly discusses the fast mode decision algorithms for the
H 265/HEVC (high efficiency video coding). HEVC has incorporated a series of
the state—of-the-art technologies and algorithms. These features help HEVC to
achieve significantly high compression efficiency. However, these features
also increase the computational complexity. In order to find the best encoding
parameters (e.g coding mode) for a certain block (comprised of luma and
chroma components), a huge number of combinations of block sizes and candidate
modes have (o be checked, which is very time-consuming. Hence, in this work a
course of fast mode decision algorithms are proposed to accelerate the mode
decision process. Moreover, the corresponding hardware architecture of the
proposed fast decision algorithms as well as the hardware design of the
transform of H 265/HEVC are proposed.

First, this thesis gives a brief introduction about the H. 265/HEVC. The HEVC
codec employs the well-known hybrid block-based coding framework, including
advanced intra prediction with 35 modes, improved mofion-compensation
prediction with merge technique, newly added large-sized transform engine, and
high-efficiency entropy coding tool. Moreover, the reconstructed pixels are
filtered by the similar de-blocking and newly adopt sample adaptive offset
filters before sent to the decoded picture buffer. Unlike the previous video
cading standards, the HEVC adopts a flexible quadiree structure based block
partition scheme that enables effective use of different block sizes during:
the prediction and transform coding processes. Two strategies aiming at
overcoming the limitations of the parallelization approaches emploved in
H 264/AVC have been included in the HEVC, namely Tiles and wavefront parallel
processing.

Second, this dissertalion presents a course of low complexity fast mode
decision algorithms. In.order to skip some unlikely depths, the maximum depth
information of a co-located block is referred to predict the depth of current
block. To make a prediction, after encoding one frame, the depth information
is saved, in order to enable later coded frames to refer to these data. In
order to reduce the complexity introduced by saving the depth information, it
is proposed in this paper that co-located LCU from the previous frame in
encoding order will be used. Next, for a certain sized block the motion
character of inter prediction residual is analyzed ito determine whether to
terminate the current check or to skip over unnecessary modes and split the
block into smaller sizes. In order to detect the motion character of each
portion inside a block, we propose to divide the residual block and calculate
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the average and the sum of absolute difference over average. Two conditions
are defined to terminate the mode check process or to skip current depth mode
check process and move on to the next depth. Moreover, in order to skip some
unlikely partition modes, a skip strategy is.also proposed. To make
compensation to a wrong split condition, a novel remedy process is introduced.
After inter prediction, a hardware-oriented low complexity- fast intra
prediction algorithm is presented. The proposed algorithm adopts a fasi
discrete cross differences {DCD} to detect the dominate direction of the
coding unit. Based on DCD information, only a subset of the 35 candidate modes
are selected for the rough mode decision process. Moreover, four simple but
efficient early termination strategies are proposed to terminaie the RDO
process properly.

Third, in this thesis, the corresponding hardware architectures of the
proposed fast mode decision algorithms are proposed. In order to achieve a
better compatibility, the proposed f[ast mode decision architectures are
designed as an individual module that can be easily embedded into a common
video codec for H. 265/HEVC. A state machine based mode dispatch module for the
depth prediction combined with the residual check algorithm is described. In
this mode dispatch module, mainly 4 kinds of elements are contained according
to its functional definition: information recording element, controlling and
decision making element, interface element, and the core mode dispatcher. For
the proposed state machine, there are 13 states are defined. Then, the
hardware implementation of the proposed fast DCD algorithm and lwo previous
works are discussed. Moreover, the complexity and performance of the proposed
DCD algorithm is compared with previous works.

Finally, this dissertation describes a hardware architecture of the
transform applied in HEVC. The proposed architecture can supporf a variety of
transform sizes from 4x4 to 32x32. The hardware design proposed in this work
focuses on low cost and high throughput. To achieve such objectives, some
simplification strategies are adopted during the implementation, such as
reusing part of the structure of the larger sized transform for smaller sized
transform, and turning multiplication by constant into shift and sum
operations. The transform architecture proposed in this paper is implemented
in the form of pipeline structure. Moreover, a high-per{ormance transposition
memory is proposed to store and transpose the intermediate data between the 1-
D and 2-D transform. .

As a conclusion, in this thesis, a course of fast mode decision algorithms
and its corresponding hardware -architectures as well as the hardware design of
the transform of H 265/HEVC are proposed.
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AT, BEETEETBLOEMRERE H265/HEVCIC B 5 EEE— RREFEHEETHB 7N TY X ADVLSI
LIz T 2MROREEE DA LOTHD., UTOXEERZREEBTVS,

1. HgOREAFSrBEE2EALHET— RREFEORSE

H.265/HEVC 1. SHMlEEEEEHECHSLTE s DELOBERERTBLARTSHD, SEXER
WA AT LORBERBAFBENTNWS, —RIZ, BEROCEHBEFELTIE. ACT7L—LNH 3 WIEEBRNITE
BELAEZ7L—LD—HEZRITZIET, T—FEBEZHBLBEREELERL T3, H265/HEVCTH. #5S1t
BRZZBOSREGERFROTME, BEREWHEZRNL, WRESEINEFS Iy MIHLTEBL
THY, COEHOMAREBBERER>TVS, ERX T, BROBEFSLEEOREEHMENERTS
ZET, BERHEBEE—RERETELIFEERREELTVWD, BENIE. BIrHSBETLTHaREY
L= DRMEBIZBNWT, ANEeNEBEREZZBL. #b2T mlsBEEEFHELLIZvy FOKRKED)
EHWET S, RIZ, BRCFABRZEEZENTEZLET, SOREVWERBREEORZEEZTS>NTNERET S, B
%12, DCD (Discrete Cross Difference)iZ# < 7 L —LAATFHFREBATE LT, ERENIIBRERFSLE
—RERESCKDLZENTREL 2D, BEBRI— T AEAVWEIIaL—2 a3 0OBE, FAEEFRX LA
BEEEERD L. HRBA%DHERYIREERL TWD,
2. BELT—RREFEON—RIzT77—FF7F v &t

R, RELABET - FREFEREBRTAIN—RUT7—FFI/FrEEZEL TS, HEBLEE—FKO
Bz, HOFSUBTEEOFELZPD LD RBEIZLREN, E2RNTE. REEBBRRICES<MTEY
2—VELTHRL. BN Rz 770 R aVERAT LI EIZEDMOLAERN—FY 27 & DKM
fEEEEAMEELTND, TSI, N—RU 7 TRERDCDEZEHT A2HMIC DOV THIEEL TWS, FPGA
FNA ACyclone IVGXTEELAFHFR, MET— FREAN—F I 7I3193.65MHzTEIET 3 2 & MR TE
Thwd, £z, BHHEDCDN—F U 27 H139.IMHzTHEL THD, LHIC4Kx2K BRI EEZEMRNTLET
LHIEMAETH S,
3. BEHEERUET —F7 7 F v DRER

H265/HEVC OEETERHBIT— RICHIET 2742901213, MPEG2H.264/AVCE 1T R 0, ZBHMEE A
%ﬁﬁ@k%é@%‘%{hl:-y FEYR—FTHLERDS. ZOLD. FRXTEH. BEHROKEZOAHEBRIC
TG TEI2ERABEOT —FF 7 F v E2REL TV, 8oy b oEENICTRAEEEZET
ZIEITED, 4N E3ILNETOURZE - ON—RFRU 7 TEFTEILE2MEIZLTVS, 45nm7 7 /1O
PTON—FU 7 ERMEED S KEROHMRA BRI TH D Z & 2HEEL TS,

PEOkIi, BELT—RFREFHELERTIN TV XLDVLSHER ET3EAMEOREIL. SBFTEITEHRE
ME S OERMUBEREREINTHDRD, TON—RU7REEFECEFRATHD, SXTEXREAVAT
LORBIZEBIL2DOLHFTES. LEMH->T. BL(BEHAHORMRYELTHESZLOERD B,




