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3840 x 2160 x 60 x 3 x 8 = 11,943,936,000 bits (1)
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ARFE BRlsf & 4= Qlrk, ol9t B ARFS
adiz Bzl A7 dE7]eel SHAI7}
T AEAE Hojx]7] wjito] LAk} S=Altto]
A AR AL Y FFOR Hlo[EE St B
a2 o] & whobA] eafof wheh Beg o § fA
Zefofol HuiFH o] G2 Akt A
7h POoB R tREO] At AfH| Ao A= H|olE]

A= B Holhe Ve ARSEliA FATEIlEE

7130 Abete] Azt Azl Rk
£ A7zt Hlolg &= E0le 7lae US 52

H
d(coding)ol 2L A}, =olle T84 4%

A Uy
&A1 9k 91t HEVCE &4 ¢&olahs &
Foll &= Ao R B ARl A5k Eoh=
w0 3 £44S 518 A, A ~ i o]
o] dlofeE F4 Bk 7FATE ok o]FA &
ZH dolHE Sl "gF AEY oA L2
ojZo] AT Ag wAUSE Bl $AIH
o] EA Eo o]gA Mg 5 AEES &
oA of&E ko R FjAshs AS B 52
]2 (decoding)ol2haL it HAH G4 thAl
HAEH o7 & 4= 9l 2O R RighE|o] iy
off A=A ==t o] dloEl= Y dlojEjof 1]
Al T BAFo] QAITE ARgo] QIAE 4= Y=

Y3} 4 e et

SD ][FHD] UHD@4K)

UHD@8K

Video Formats

Raw Data Rates

sD 720x480,

YUV4:2:0, 8bits, 30fps

124Mbps

FHD 1920x1080, YUV4:2:0, 8bits, 30fps

746Mbps(SDO| OF 6Hf)

UHD (4K)

3840x2160, YUV4:2:0, 8bits, 30fps

3Gbps (FHDO| of 4HH)

UHD (8K)

7680x4320, YUV4:2:0, 8bits,

30fps 12Gbps (FHDO| oF 168)
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3l 2025\ 0] oF 42 o] o] AJARS FAITH
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4K 9 8KE 5o 201810l oF 3009
YolAd Ao 1y QtHo.
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i rlo

ZX: Infonetics Research, Video-On-Demand(VOD) and Encoder equipment and
Video subscribers Quarterly Market Share, Size, and Forecasts, Sept. 2012
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< 4K 7hliek: 24, shpay]
Love High Speed

+QFH/EWATY: Allegro DVT, Ateme,
Ericsson(o|4 §9), NEC(YE), Elemental,

e, B,

Envivio, Harmonic, Thomson, Media Excel,
Vanguard, Cisco, Telestream(®]A} v]=t), @
AEg], TMI, AgAJopl =, 7holmjt]of(o]4f
a2
* Monitor/H 38 Evertz(uch), B2, 24
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Ao/ /A gut A TE22 AR

S 4= Q= “UHDTV AH|2 AU2] 7]

gt 7|EH T AS 20134 Wl SEEG-S

Ulel A2l 4K UHDTV % AH|A =4
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+ 4K UHDTV 4 Aol 3 27] 594 9
aff TTA 9815 PG8050l A= UHD 914 4
%ol 283 “914 UHDIV 454 3
E2E 20139 T FRFGOR, 7]E8A
EPA7IA) Tt Sh71aE UHDTV 54241 4

248 oY)

3 BE2S 201495
(2R B#F 74 MH g

+ 20079 SMPTE 2036—1-2007 UHDTV H|t]
@ A543 A, 20099 FE 7R
(SMPTE 2036—1-2009 UHDTV H|t] ¢ A%
T+4)

2008 SMPTE 2036—2—-2008 UHDTV 2.t
L A+t #2 A

20108 SMPTE 2036—3—2010 UHDTV ¢1¥]|
Hlo]AqtA s A

+ 2012 ITU-R BT.2020 UHDTV H|H| 2 415

T4 EE ¢

+ 20139 TTU-T Rec. H.265 | ISO/IEC 23008—
2HEVC H|t] 2 2353} 7|& B2 o=

« UHDTVe]| 288 &= Ql= 2t 2 £33} 7|&
0] USAC(Unified Speech and Audio Codec)
L MPEGOIA F23171 2g=lo], 20129
A FEOE 54

l. UHDTV 213 HAHA[2] 12
At

o3t

AHA 0 = MPEGol|A 23 7]&E0] 2
1 Q= 5 Aot Edwof st 18-S ol

shoict

P
I
o
\,51‘
3

EZ

« Complexity

:III

H.261 H.263 H.264 HEVC

+ Complexity vs. Bitrate

50 percentincrease in efficiency and 3 times complexity

« Bitrate

H.261 H.263 H.264 HEVC

(22 4) MPEG HZ7|£9] 8&5tHH| SEH= 27
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HEVC: A% oAl of 2
SOl A 3u) ol B SO LelA ik, A
o ZHol A EEe] TR SH=glele] st
o] Q1] el BRHEL B% Z7h5He Zo] A
ofc}. Igickyl o) ojgro] BxkEH A IS
HEVOE 4311 9l E(Too)Ee] il 4ist
A o] Hol 917] uhelck, a3k, Qe o] A

52 AAst= 548 2421 RDORate—Distortion
Optimization) ¥ H|Edo]E A|o](Rate control)
Sa} o] Mz T4 71450 hafat 4] z
Aol e AAEo] 7] wizolth, E 29+
MPEG—4 AVC/H.264 £3} HEVCO] EE FojlA]
g5l Aol7t s 52 59 AfolfE vl us]
= Aol

GE PollAE & 4= 3Rl 5 Afo|E ofef
o} 2}, HEVC #ofA] of® Ao] A= QA

(H 2) MPEG—4 AVC/H.2642t HEVC &2 £59| A}0|& H|u

of tisl| 7|2t

ol Hi= 889 77k Gy 5
ka3 Z
=

22 Q)& 7}H 2 (8x8 ~ 64x64)

« E58 B88k= Zo|(depth) = 4THAIZ 5
Eof Qirt,
« ERAZ B3} Afo|RE AT 2 TP LRE

gl

< QED} Ze ¢ oSS 3 R FEE 2
o 3471A1E Alg2ich
« EfiA 5ol 24 ThjollA] 4x4 DST%: 7155}
Al stat e,
« QlE}Z o] A(Interpolation)S $Jg+ HE| Q] 7|
e Z|tlf Stap7HA] A A7t
*+ SAO(Sample Adaptive Offset)& AM-310]

Category ‘ Coding tool ‘ AVC/H.264 ‘ HEVC/H.265
structure Basic block Macroblock (16x16, fixed) CU (flexible, 8x8~64x64)
structure Quad-tree depth 2 (fixed) Flexible (2-4)
structure Motion partition shape Square + symmetric rectangle Square + symmetric rectangle +
asymmetric rectangle
structure Transform size 4x4, 8x8 4x4, 8x8, 16x16, 32x32
structure Relationship between Predicition Transform size shoulq t_)e _ TU can be larger than PU
and transform same or smaller than prediction size
A 4x4 (17), 8x8 (34), 16x16 (34),
Intra # of directions (luma) 4x4 (9), 8x8 (9), 16x16 (4) 32X32 (34), 64x64 (3)
Intra # of directions (chroma) 4 (independent from luma) 6 (including derived mode from luma)
Intra Context pixel smoothing 8x8 only, always Mode depend_e nt §mooth|ng
(size, direction)
Intra Context pixel Interpolation - Bi-linear
Transform Additional transform - 4x4 DST
Interpolation Luma 6 tap + bi-linear 8 tap
Interpolation Chroma Bi-linear 4 tap
In-loop filter Sample adaptive offset - Edge offset, Band offset

74 UEESIE|X| 197 25
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S5 g Fs17E 23 41 Aol o7 th
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ok ZofeH(3],
(O™ ollA & 4= §lzo] tiFEe] dAke &

A QRS 2 39 EE% A7 A ofof Shi= Inter
frame prediction®]] o7} EH, TS0 & KXo
ofsff HAgH At LGl Apolof| ofs Ayst
ol glolelE AEst7] ffel Aok ExiiA
2 (Transform) ¥ FAFSHQuantization)ol] AH] %]
L Qo] 58 A0 Ho] gt} Thgow AR
wHS7] 9la) AMEl: i o] 255kl

rr

2o

= =1

74 QA Eek, T of | FEof| A AIARIS] AdEl CABAC(Context—based Adaptive Binary
7P 2 FE= v AUA AuEA ofgf (1™ Arithmetic Coding)®] 0.2 5519 A 0= U
e FEeaeleaA Al 178 6220129 1Y) A ek olejolle Ee] YRS v)Ale o &
of ANELD Ferhsin HFF wa " aSo] gork Tde) e et 1 Bxwe] 3
HEVC Q135 59 54k 4iAE 449 T FES 4 9lS AoR B} o]9} Zh2 o]
B 50] AA|shs IAUER Al Brbste] B4 o) Bpeku AWAORE 42| 9% mEo|
Transform
Ry, il TU size: : Residual |i Entropy COdiI‘lg
Fn 20 e : 2-4%
Inter prediction : 77-81% Quantization | Entropy coding
- PrediCtion
DCT-IF
AMVP
Merge
Intra prediction : 1-2% } Ir + Q :14-16
Intra prediction | %
Referenc | B inter prediction
e sample MDIS
padding Quantization™ B Intra prediction
Teanaformy | Transform + Q
Loop filter B Loop filter
EoOpHiIter :0.1-0.2% [l Entropy coding
le ! =
aS:ar;fivee 1 blol:::eking Uetc
offset filter
HEVC encoder blockdiagram and profiling result
EX: AEx, YT, RYL2, BT, U, "HEVC £3317| AZEQ 00| SAH S48 U SYE E4." Y533t13| =% H 17& 62, pp. 1091-
1104, 20124 118

(28 5) HEVC 74 E59| Az
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ohat mE 7499) 48 o} 53 RDOZ 7HF 3 RDOQ 4
4o gl Fi HES Heor 4% A% - ZeAN Tro] AYSHES 14 Bntropy
o] go}x)7] uhio] A 4 Gl cAAke] e A coding "8 2
AbE 231 e, ShAlRL AL oAl o] L2 2Rl 9] 17} G U dlole] M)
o 2o RE B9 25 AR 2T F 1Y X of SJ3F QXN 71 7 A
2o mES Ausiths AL 2755t vl
A gt Jelme, 9ueE HAS % QAF 9s] F9N) T Teolu B3 2 gefl 3
Aok 5 Aol WA HeE  ZHYY HAS Aealof ohe TR Holzt
3] A5 4 Glofolut AAZE AT AFE S Q7] YR Qlzig Hedo] FAZ H A2
S7} 7Rl 2tk BATE Sak 2ol TR AL oA WEEA] ) wS10) Helg ol Afetel
B P2 AN B A 2 g 2 AR tho] ol gtk 2eiBE T2 A7} of
sk ) Fol A=ele] e AHsHY /] 719 solE 7kl el ol (Multi-core) F£9] 2
ofstetrta AZfate ol Zi2}e] 9] B0 $xjA 02 51 gkl
ehe 3139] sl 23 QAT ok (1% 63
CERANG B oY ROy 2L o] £ W MY 7He 48 4 9w
SIMD ko vt £ HEVCOlAE 724S wEglt 94 (29 6
L35 QU 2 AS0HA A B A (@olA] MRt AN e FER 3 A9 9
ALel 02 Hg3tol BEA CU mE %) o Lhiro] EYAoR Quy s B
L34 PU 249 A8(CU2HA B8R A (Tiling) 71¥eleks o] Uit (18 6)(b)H $1°]
0O} 49| PUS| 20 BRI PURE 2%)  ARE 2HHOR ofg Ao CUSS FolA st
F 3% A N FE Y g o 9 Y W92 o] Fi w Lefolx
- 3% Intra BE 2% ¥ 48 (Multi—slice) 7] %2 HEFO 2N ATF9| S5
SCU/PU A4 Ao] 4ns uhgtom AMa  ao] 7isstes shar ot

(8) EFYE(Tilng) TZ=2] off (b) ZEIZ2t0|AMuti-slice) =2 off

(22 6) Multi~slice % Tiling0fl o|gt 1< 21T L X{2|

76 UEISEX| 19T 25



=

=&, ofefoll= TRl 7W 5] A8E oo
& oHAo Q15 o] 7hsd Al o2 AR,
HEVC 7|&2 -8k SHollMe oF&l= Al &
o|7] wizoll o EFollA T A1l w2t
chefet 7ol 282 ¢ s A 0= Erf, ERE, 0
A2 BUE Aldtsle 2Are] st o] H=
o w2} AlFe] Eefe|e] et 24 Zlo.

)

H
[e]

of

HURNE

A,
Ak
A1
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g Aol SISO e 7|YSo] Ang 2
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4x 3G-SDI
2x 6G-SDI
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DVB-ASI
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=== Data Signal
=== Control Signal

FHD~4K mHY

Tile 3
Slice 3
GOP 3
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Aolch 4K el BES Yolee] 55| gt

shok 3 Aol FAI] ¢, £ Aefol AT

O

Ao W 2| Ystal o darelFolA 7HY
AAlFo] who] Eo0]7l= Inter frame TS $|5F
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HEVC
Encoder/Transcoder

HEVC

TS Caster

MPEG-2 TS file

MPEG-2 TS
Over

DVB-ASL |
| — QAM Modulator

e

MPEG-2 TS for HLS

HEVC
HLS/DASH

HEVC Decoder/Player
for AP Platform

P Modulator

HLS/DASH
Streaming Server

HDMI 14a ~

Fn
e 7

DVB-T2 Modulator

L

HEVC
Monitor

HEVC
PC Player

STB w/
HEVC Decoder

UHD TV w/ | HDMI 14a ~
HEVC Decoder

HDMI 14a ~ &

(28 8 & AH|AE o/at ZH] & +241
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