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A 2 A Inter Prediction in HM encoder
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POC 9] z#fol7} 7} A2 picture & ©]&-3F+=d POC =}o]7} 713
A2 reference picture ol& A E=3 SFEX O F 71 FAFSE
w4 ARE BHF% 5Fo] uk= 7HdSkel  reference
picture & A#sti o]E o]gdto] dA EZFo] W] motion

estimation & 33t st o9 F E5S AN L9
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Inter prediction oA 39 slice += P-slice(predictive
slice) &4 B-—slice (bi—predictive slice)Z J&g 4 Q=49 P-
slice & 349 prediction unit(PU) &= 3 7€) reference picture
list oAl reference picture = AB3E W@k o= (Uni-
directional prediction) %% 4=83F3l B—slice 91 A%l PU &= F
M8l reference picture list ¢ A H

directional prediction) ¥ @ o =S MElxozw o]gs S

HEVC = 98 Z9AS B33 & u st picture o)A

E5S 64x64 =719 CTU @92 &&stal o]5 thAl 64x64,

i
M

32x32, 16x16, 183 8x8 29 CU @ k3l quard—tree
TZE AL Aot Inter prediction oA CU @9z Eokx
E=22 t}A] prediction unit(PU)ZE #3 FH=d CU 7} EZo
st 299 7 @9let s PU + <59 7 92 9
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o

A
PU = 2Nx2N ¢ CU EERHE 7 71¢] B=, = 2Nx2N, 2NxN,
Nx2N, 2NxnU, 2NxnD, nLx2N, 2 nRx2N & #go] 7}53}c}.
a8 2 = HM <15t olA inter prediction & A 53 =29
SES HojFr 7t CU #3 = ¥W& Inter prediction ©] 43
i ZF PU #38 RE W¥HE skip, merge, 1831 AMVP EE=

A5 &5 w4d WHE d5sh= 4S5 Fdsk=d, A skip

g BAT £AY IuE 2= ¥
NE7L WA 2= Fe AMVP 2 S a4 @3 inter

prediction E=Z+S £33dlo] 2Nx2N o dia] wE =z F3&
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R ¥R 25 FY5ts A sAle & reference picture HE

FEtA Hol 29 1 oA e} 2ol HA HM 3] EFEefA]

oF 72%7Ve HHEEE AHAIskE dlo]l HAA ol wet inter
=

F A3kl T

2.1 Merge Estimation

o

HM o4 Merge estimation ¥} ©|u] prediction & 3
914 block & ©23}%] merge candidate & A% F MV =
T3&}1, SATD based Low complexity RD cost = ©]€3}o] cost
HWE %3 merge block & A#3 & &t FHE merge

index &4 signaling 3%tt}.

< Merge candidate list construction start )

Basic merge 59991@9,} ,,,,,,,,,,,,,,,,,,,,,,,,, i ,,,,,,,,,,,,,,,,,,,,

‘ Spatial merge candidates derivation Temporal merge candidate derivation

with redundancy check
Max 4 candidates # ¢ Max 1 candidate

construct merge candidate list with availability check

combined bi-predictive merge candidates derivation

#meﬁe candidates =
MaxNumMergeCand

Zero motion vector merge candidates derivation

< Merge candidate list construction done >

1% 3. Merge candidate list ¢ 74
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Maximum candidate list ¢] <+ slice header °f] H° %
five_minus_max_num_merge_cand 2| syntax element(SE)&
T o™ 1~5 7}A9 range 7} =4, 72X SE HM 9
candidate list o= 5 7HE AFEE = QA A &= Ut} o] F
spatial candidate &+ Ht] 4 7}, temporal candidate &+ 1 &
AFE-3tE candidate list 7F ©F A IA|H o]Fo= candidate =
F7beleE 23S 43 514 Y=t} wEbA merge candidate list =
TANEE A F AR 2 ¢ e, 3 HAR spatial &
temporal merge 2] Basic merge candidate % F WA=
combined bi—predictive & zero motion vector merge ¢} additional
merge candidate & H73 5= glon o] 78 33 gt}

Basic merge candidate T Al Z7Z}2] spatial & temporal
merge candidate + availableFlag & #2135}y available 3 73-$-¢]
&l list 7] H+=d merge & dA block ©] <1 block &3

motion JH7} FAFSI= 7H8 oA 982 2, merge candidate

o

list 5 7Y W PU 9 &3 wofol] whe FpA o= e 3
552 94423 merge candidate list o 7}t

a% 4 s} o] dAl PU & FHel X% vAl 7He block =
Al, B1, BO, A0, B2 9 <+A= A=ZZt redundancy <}

unavailability & @<QlstHA gAlste] Ho] 4 JN7FA] merge

candidate list o F7}3gtt}.
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(® B2:compare (3 BO : compare with B1
with Al and Bl
B2 B1|BO

@ B1: coHmpare
with A1 Spatial merging candidate construction order :
Al1—B1—B0—A0—B2

@ A0 : compare A1 |® A1:No duplication compare
with A1 AO

1% 4. Neighbor PU €] N block

Wl FAAOE AR BEAN FuAS o AA 2T

A9 A7FA o0 FE QAT E=oAM THAE ¢ 3A U} temporal

merge candidate list T4 Aol P 18" 5 9F o]

collocated PU = A ®= reference picture °|A @A PU o tf-%

e Aol EAsk= PU & ovlsty oS5 dee °olf= H 9

block & ¢4 =2 % motion FR7F glvtd C1 & &
candidate & 1.#3}1L )t}
Co-l(;cated
PU

Current

g PU

] .
T-1 T T|mi

|

719 5. Temporal merge candidate search Z}%

AR, BEoR QRS BE FuAE Fokw Hy)

FuA A% 5 AE AL 2 A9 wgA AF A
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FRAE AP Sed ol FuoelriEd FrhEe] g

TRASY 23Fow Urx Wl ¥ TR PAEZ A¢A ¥

[m
i
(o
2
o

©]Z combined bi—predictive candidate &} HE

FH AL 5 ) EgeiA Hu UeA ga Bge Ha
candidate list 74 #}FL 834 Hu o] F o F 7+F
32 RD—cost #S Z3 = FH7} best merge candidate 24

Aeje] At}

2.2 Advanced Motion Vector Prediction (AMVP)

RD—cost = Hluwstel H#9 FHE AMests ddo] A=

a3ttt ek, merge estimation ©| 1o] WlE ZZF picture 9
s, o W 52 ok W pU = HZA Y merge THEEE
O E 7hA gk ARgste] F7EAQL dAte]l et gl thal AMVP
e AFE HFE R AXE 27] AA #eFE 3kl motion

estimation & F3s F o]F T3 HAY Y HEHE =
NAg& F712 78 5 o] merge estimation ¥ Hl sl & o
o AakS FQ 7 stk AMVP Al 374 319 92= merge

Jol A ZA = a7 6 gF o] olF

1

estimation A9} Y3 9

23 ".:r'“' I 'kl-|- 1—-“ [= L



2 e IR YArEC 278 Hid, EFoAE olul HlEA]
59 A% o]xd AF FHREA T AE, WA g Tl
FoA & NE F7rekA "k wok

Al PU ¢ o] E=o] & reference picture list =

BE0) %] 92T Fu

m

AFE3FA HE TS reference picture & %L AU reference

picture list & TF21 ThE reference picture & FZsta A

it
O
=
©
=

99 7 FRE AU sto] Frelsse] FoEH
B2o 49 AWY Zweld P W AAAYS ALgEA
o= FEsb $A E9ld G HEE o oE wpgelA

dtd o FHAQd FHRE o] Jr= A TEFHoR HA

g3
o
fz
©
[>
I
o
o
>
2y
o
il
I
°
r
y
o
!
o
e
v b

Al = scaled AO = scaled A1 = BO = Bl =2 B2 2> A/B side
redundancy check = scaled BO - scaled B1 - scaled B2 >
temporal H = temporal C 2 zero vector & A= F7} &

merge estimation ¥ EUstA THE 7F RD—cost HE BHluE

-

23 H4S AMVP candidate & 417 g},

24 A L) ¢



< AMVP candidate list construction start >

' '

Spatial AMVP candidates one for left,
another for above

# Max 2 candidates Max 1 candidate

redundancy check for
left and above side candidates
[

Temporal AMVP candidate derivation

#AMVP candidates = Yes

AMVPMaxNumCand

zero motion vector AMVP candidate derivation

[«
Y

C AMVP candidate list construction done )

I8 6. AMPV 34 g]AEQ] Mel 114

2.3 Motion Estimation (ME)

29 7 9 CU mode AA7+49] Inter Prediction 73 74 &
B AMVP ¢} merge estimation & &3] A8¥ 7} best R}
RD—cost #& 7522 A4S sto] ald PU 9 4 mode =
Aol fArk. AMVP TR g2EoN AMee] § FHE F RD-

cost #o] 7H A2 wAY WY FHE AMVP 9 HA FHE

o

AE3 & motion estimation ¢ %7] 9XE AA 3Fr}. o]
Uni—prediction ¢! A% integer—pel ° 3t &2 2]-& test zone

Search(TZS) [13] & o]&3t1, Bi—prediction €1 7% full

1)

ol

search & WS T3l H4 9 integer—pel IXE At &

integer—pel $AE 7|50 =2 3} fractional-pel 2 =FUYS

25 .-':I'\-\._E -"l:-.ll:i [



F4 34 ¥th. HEVC o4& quarter—pel 42 % 9] fractional—pel

EhAS A YEty 9gorm g B IHEH interpolation = £ 8 719

half—pel ¢ 91A& Z2 o3 7 half—pel $HEF] oig RD-
&

3 H 29 half-pel 9XE A& g}, 183 A

cost H| IS

A half—pel 94 HETHA] interpolation = %3 quarter—
pel o thgt 8 7He W SIAE 2 F FUS B & Hlw YW=
23 FA 9 quarter—pel & AESHA Hrh. AMVP 34 AXA
Ael ¥ HA2 o= pixel I+ WI/HE merge estimation <&
=HA 02 A5 merge estimation ° &AM E HZA L o=
pixel o] FafAl=t] 242+l Ao Szl F Jhe HE oS
pixel 5& THAl @ RD-cost HlIE S A CU A
#HZe] PU REE AYstA ok o] & Z47+e] 4 PU &9
2o =E o]FoH CU 7189 RD—cost BlIE &3l HZF 2 CU

BEE Adsta CU Atol= b vlwE %8 HHQ CU A7=

26 e



Inter prediction
Inter prediction 2Nx2N ‘ Nx2N, 2NxN, nLx2N, nRx2N, 2Nxul, 2NxnD ‘

SKIP/MERGE AMVP AMVP MERGE AMVP MERGE
spatial temporal tial t 1 spatial temporal spatial temporal spatial temporal spatial temporal
candidate candidate e g cand. cand. cand. cand. cand. cand. cand. cand
5 2 42 12 {2 {2 5 2

{2 {2 {5 2
merge can merge can
search search
e i

candidate. candidate,s
mv,pred- s m, pred-pel == s
L-RDcost L-RD cost
pred-pel pred-pel
Terge Terge

> candidate list candidate list
zeroQ level 5 MVeand pred-pelcang ] Veand| pred-pélcang
context info. 5 5

(o

i ‘
lgolomb| 0org-pel
A org-pel | EE A
R R 13 D
) v 1T
residual lgolomb]
(B s b
R
5 SATD based SATD based SATD based
RDcost RDcost RDcost
Skipaes < o
cost compare] cost compare| [cost compare
& selection & selection & selection
Mergesest
5

TRy &
Quant

quant. level|g
context info.

Srecon-pel
quant. level

context info] [&
recon-pel Interanen
Sl org-pel e
9-p lcompensation|
residual

TRopix &
Quant.

TRspit
decision
5

cost compare
& selection

quant. level
context info.

mergeges

Intra Modeges:

cost compare
& selection

Inter PU Partition mode decision
Inter Modeges

CU Intra and Inter Mode Decision

CU depth Decision

[J L-RDcost step l F-RDcost step

= R: rate

= D: distortion

= SE: syntax element

= SP: search point

® int: integer-pel

= frac: fractional-pel (half, quarter)
= pred-pel: prediction pel

= org-pel: original-pel

= recon-pel: reconstruction-pel

1% 7. Inter Prediction and CU mode encoding flow in HM encoder

o7 3 { .



2.3.1 Integer Motion Estimation (IME)
HM & uni—prediction? 7% integer—peld M-S $J3] TZS
dugFE Agstn gloh TZS dudEe AR G g9

K integer—pel 91Xl thato] B S sk thal 29 8 3 o]
nf=2 2 g4 (Diamond search) =& ZAx} g4

e 94 o w dAals M AFsth BE X picture
HE BE PU o digte] gsizl g gl oA integer—pel
AAE AR @S sk full search & AREsHA & B¢ &4
Aol gt s AY Ho AR s A7]eF g jSt
AAH AAFF AAro] v AAA He HRS AT ¢ ik
HEVC 7} UHD % QUHD %79 $5< HHo=E /dd
LS AIEE W zskd A Abel=el wE i
Artge e oy glow olg dabgE Fol7] 4

HEE <4 motion estimation ¥arg]Eo] TZS gt & 4 it}
o

N
>

EE R I S ] - R
AT HZ integer—pel YHE = W oT Hx 3 A4E
gAste] 271 912 diHl HA SA7F A EA o gAls
TRoty I¥A 9ol 3 AFE BAEE Bk HA X7 A4l
Hokd oAl 3 AE gAsH "k o] 3FE& Folxl 64x64
pixel ¢ B oJo] QloA] F8alA ¥i=d "kek HAOow
integer—pel 9] 9IA|7} 7] SIAZHH 5 pixel o]} HolA QU+
AA el EABtL ok o] ZE FA Qe A7V AX 7] BAE

AAE A nT del s Gl AR $AY W} £

Y
ARG8HS] integer—pel FRES A7 B4 dyEs Fod



4 MEE R4 2P S

o
B

Bo] Atk dwste] @A oo
2

A or st vAl AR S Sk Star refinement =
3384l ¥t} Star refinement Al o)Al %719 A B
W= g2A HA A E el f1A 9] @Al ARzt 0 o] &

W7A] RbEshs g AT

+

19y P
o i}
ol e | E L el
/r | /;r
y | y |
IME : test zone search
Motion .
Vector L Grid N Raster | | Star —> FME
S Search Search Refinement
Prediction

719 8. Test zone search for integer motion estimation in HM

encoder

of AZkA & WHE Fd HAS integer—pel HAE
AdsHA Hed olgd AAH(Grid) B4, AMZ" A9 (Raster)
g ul Axl (Star refinement) BAMOFZ o]o]x=  2l# 9
integer—pel 4 #4E& TZS dagFolet st

TZS 9 3 WA search WHQl A @A) wpxul A oA,
grolxl # 4] integer—pel 2 g7t 7] YIXEHYH 0 A =L
1 Q1A AFsk= Fel vk ol I @kl 0 ofH &3 544

HEE 4SS YulstEE TZS HS TETS gulsta

&
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ghel 1olw 19 99 1 A4 52 225 F Ag7F 19 integer—
pel 1A F stUE HA AR v v, of7]elM=
A" Az Aol hafARE 'o] EE Y] o], v
EAE ] kS integer—pel 1A F QAATE pixel Tl A=

A Sl o HHel pixel Fol YEA FAThs 9% ok,

EN
w
[N}
=

N | =[O | r|N
=
[N}
w
rS
Q
1
=
o
Q
0
=y

4

¥ 9. TZS o] A gAelA 2z} g4 2k 1 integer—pel B4

A2 1pixel A8 ¢ integer—pel

& 5o, A9 ¥ 9 oA 0 At HHow A
IME & F=3A dvh. wek HZA integer—pel 2 fIA7F 27
A diEl Az 1 A ARHJAGE 9 2" 9 9
QE%T PFo] TR pixel Eol T Hrh =, HZ integer—
pel o] S1A7F 7] 914 div] 1 9] AgE zte vhd Az @49
o] ZdoflA o]n] 2k integer—pel HAET Y HZH<ql

1A1e] integer—pel A Sle FEC] ZdH o] Al g



T Thsde]l SleEw olF HYdto]

L

T Ao
Zztel A5 EE 2-point B f1A= ol I 10 % Zrh
= oA Db B 23 19 4 ) pixel 9F 2F 2 9 A1
pixel Q1 4 71 pixel 9] 917} H2 9] integer—pel & AEo] =

B FAAez o HAY FEo] F AA pixel B

ftlo

=
1=

n

BAE B darg]Ee] 2-point B oG

3 [12nd| 2 [12nd| 3

2 2

o [o] [3] Lol (5] [5] [

‘21012‘ 012“21012“210

>

12nd

2

2 1 2 g2od
T e T L] e o] T
DEOESInERERIDEDE

= =
w [N} Y| w
S 2

22nd 12 2|12 2 1|2 2 |1 22nd
2110 ]1]2 ‘ 2110 ]1]2 ‘ ‘ 2110 ]1]2 ‘ 2110 ]1]2
2 1|2 22nd 12 2|1 22nd 2112

3 2 3 3 |22d) 2 3 3 2 |2d| 3 3 2

D 2-point search position

]

1% 10. 2—point B Al B4 pixel 52 9%

2.3. 2 Fractional Motion Estimation (FME)

FME + IME oA A®3t %A 9] integer motion vector &
7o 2 £t MYEA sub—pixel 9o MV E Fal= g o =,
MFAo=2= half & quarter—pel 9o 9% S fst
interpolation, # &4 fractional-pel B3} o]& £33 RD-—cost
k= A4S 9138 hadamard transform 14t 2 A ¥ t) motion
estimation ¢ IS dvik AdsA AU Es 2 FA

A=A AEHe Aol dAdAdd FEFE vAA HER



)
s
r]I
2
o
i

Image processing |4 9A+e] interpolation ©]
22 Ao AA A3 integer—pel & V]FOE 5}
interpolation JE dAAS FI A E=ASHHA Fe= 7Y
fractional-pel & ¥r=o U+ #A3S A=tk HEVC oA+
integer—pel ZHE half-pel % quarter—pel #S A3}
fractional—pel motion estimation < F33}+=4d fractional—pel
s A7) 98l HEVC oA DCT 7]4Ee] interpolation
¥ (DCT based interpolation filter, DCT—IF) & o] &3ttt} o] = A
interpolation ZHEE ©o]&3}o] fractional-pel S AAI}E=
W= 4A3¥ (linear) interpolation %, Bi—linear (bi—linear)

interpolation ¥, " (cubic) interpolation ¥, Bi—cubic (bi—cubic)

o

ot

interpolation ¥ % ¢4 (Wiener) interpolation ¥ % U
interpolation ¥Ho] EAst=d o] E+<Q0 H.264/AVC 71 914
interpolation < ©]€3 6 ¥ FE ¥ interpolation & o] &I}t
gobd, HEVC oAM= 271 53k =9 Al 1/8 pixel YL
SIFO (Single pass switched interpolation filters with offsets)

12 9 BEYS el At BREG PEa Y5 el

HETAOFE= quarter—pel HAUEE 7J]FoZ 3Ir AHEI
geidE 78 @ WERs, A% ARes 4 W WY

interpolation & 22387 ¥t}
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A1, Aga 201 bo,-1| €o-1|A11 Az
Ao Ao, | 200 | boo| coo|Aro Az
> d.o doo | €00 | fo0 | oo dio dao
h-l,o h0,0 i0,0 jo,o k0,0 hl,o h2,0
N.10 No,0 | Po,o | Go,0 | Yo,0 | N10 n2o
A1 Ao | a01 | bo1| co1|Ara Az1
A2 Aoz | a2 | bo2| o2 |Ar2 Az
719 11. Interpolation =8 A] integer ¥ fractional—pel & %%

a9 11.9] &1 A = 7217219 integer—pel YAE 2Qw|sla,
22 fractional—pel 9] #1%E YeERU=H b, h, j o 74-$ half
@9 pixel ©]1 a, ¢, d T quarter ©¢ pixel & YHAE
UEbdAT integer—pel 9 22 34& FF3k= a,b,c 9 d, h,n 2
Aol 129 (1-dimension, 1D) interpolation ZE S o] £-3}o]
interpolation & 4 Qo4 1 9] fractional-pel 52 1 =4
interpolation & &3] €% fractional—pel 2] S o] &3 2 2
(2—dimension, 2D) interpolation EE ©]&3}°] interpolation =

FaEt=d o714, 2 2de 9ul= AlZHEE 1D interpolation
5

AHE F3sto] U2 interpolation #k= &3 oA 7F=WEF 1D
interpolation ZE]E ©]|&3}9] interpolation S 47wl

oD 27 A F sk ek
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lio) Iy li2) lg) | aya | byz | cuya | g Iis) Iis) Iis)

719 12. integer—pel I ¢} 1/2 fractional—pel b % quarter fractional—

pel a, ¢ 9] 914

9] 19 12 oA half-pel ¢ biz ¢ $12%E interpolation 3}7]
eI = ok el el o] 8 ] WE|YLS AMEIEE ol

2 (1) el 26T 5 Sk

A71A, o) ~ Ime A49 integer—pel ©] 9% Fholil ko ~ kr =
Z} integer—pel o & 3= 7 O E integer 9 S Ze=
interpolation ¥ ZAlFo|t}. Z}7+9] interpolation FE AT
DCT (discrete cosine transform) 2 (2) ¢ IDCT (Inverse

cosine transform) 2] (3)& E3t9] 5 4 Ut}

F(k) = a(k) Z](”) S[(Zn+1)k7rj
(2)

_N’l (2x+1)mﬂj
I(x)= m;() a(m)F(m) co{—zN (3)
1 2
0)=—=,a(k)=,|—
a(0) i a(k) ‘/N W
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2 (3)2 A (1) 9 integer 912 FHE o] Gl ot 4 (5) ek 2ol

A 5 gk

_ (2x+1) 07 Qx+1)1z
1(x) = a(0)F(0) cos(—zN j +a()F(1) co{—zN j
+...+ (5)

a(N —1)F(N —1)co W)

21(5)e DCT &+ 2(@2)F Z2°] integer—pel HAHE=Z

delske okdl 4 (6) 7 2ol FT + ek

I(O)COS[MJ'F'“‘F
19 =| &2(0) 2N (2x+1) 07[) .

Q2-(N=1)+1) onj COS( N
2N

(2-1+1)17z]+_._+
N

I(N—l)cos(

I(1)cos [
a*(1)

(6)

COS((zx +1) 1;:]

Q- (N-D+1) 1z 2N

-
Ly

I(N_l)cos[(z(zv—l)ﬂ) (N—l)zrj
2N

az(N_l) +-oet cos(WJ
2N
I(N—l)cos[(z'(N_l)”) (N—l)zrj

I(N—l)cos(

2N

99 4 6)S IDCT 3 IE THo= AEstd ofd 2 (7) 3}

2ol integer—pel ¥ 2% AlFe woz i 4 Qi

l'j]
I
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I(w)=1(0)-co(u)+I(1)-c;(u)+---+I(N —=Dcy_(u)

_Nfl ) (2x+1)u7rj ((2y+l)mz'j (7)
cx(y)—g%)a (u)cos( 3N cos N

A (oA x & AE 9n|dta, v = interpolation ZE A9
JANYAE |ty HEVC oM & A5 A4S &017] 913 integer
Az d-274A19 ¥  interpolation ZHE AFE A
ARE3FaL Q17] Wil interpolation ZE|7}F A8%¥ Z} fractional—
pel 1212 ¢t A& A gk tiv] 64 v d-2Ad A s 2
A g d3Ye g3y oM d-2AYE fractional—pel
#oll 6 HME HAZE Axs F3 &3 HES HE Zlojg: A&
s LskA A g

a3 11. oA aco, boo, coo, doo, hoo, ZBlAL neo < 1D

K

l

interpolation ZEE o]&3sle] W= 4 Sl fractional—pel
S°l3 eoo, fo0, €00, 100, J0.0, Koo, Poo, Qoo, —LEIAL roo < 2D
interpolation ZEE A8t WHEo1X ags, boi, coi & ©]-&38k]

e S gl olslelA i v -3 BE 4 2 guEt 9 FAe

d

o]-g3sto] HEVC <ol #HE8&d A4 FIR Z¥ AssE ¥

i

e}

pixel ¢l %83} fractional-pel & 3 & s TH= o+ J+&=9
quarter fractional—pel & 3/4 fractional—pel 2] ¢ $olA
Ar st half—pel = 28] 94 W9l (Phase shift)E ©] &3}

fEd 7 W =S olgakA Bk 4749 pixel $IA
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flo

HE HEVC o A€¥ fractional—pel 3% A& ofst 4

ote) 19 13, 1§ 14 3 2t

a0 = ( A 30+ 4%A 50— 10%A 10+ 58*%Ago + 17+A10-5%As0 + Aspo
boo = (—A-gp O+ 4xA gy — 11#A1p + 40xAgy + 40xA1 —11%Agg +4xAzp — Ayp )/64
con= (Ao — 5¥A1p + 17%Agp + 58+A1p — 10xAsy +4xAz0 — Agp )/64

doo=( —Ag3 + 4xAg2 — 10xAg-1 + 58*Agg + 17xAg1 —5*Agz + Agy)/64

hoo= ( —Ag-3 + 4*Ag-p — 11xAg1 + 40%Ang + 40+Ag; — 11%An2 + 4%Anz — Aoy )/64

noo = (Ag2 — 5¥Ag1 + 17#Agp + 58%Agr — 10%Age + 4%Agz — Aoy )/64

713 13. integer—pel = ©]€3}t 1D interpolation

eqo= ( —ag-3 + 4*ago — 10%¥aq1 + 58%ag + 17%ag — Srage + anz )/64

ioo= ( —ag-s + 4*ap—2 — 11*ap1 + 40%agp + 40xaq — 11¥age + 4d¥ags — aos )/64
pao = (a0 — S¥ag1 + 17¥ago + 58+%ag — 10%ane + 4¥agy — aos)/64

foo= ( —bo-s + 4¥bgo — 10%bo1 + 58#bgo + 17#bor — S #baz + bos )/64
Joo=(—bo-3 + 4¥bgo — 11#bg1 + 40%bao + 40+br — 11%boe + 4%baz— bos )/64
oo = (bo2 — S¥bo1 + 17#bgo + 58+bg1 — 10%boz + 4*bos — boa)/64

goo=( —co-3 + 4%coe — 10%co1 + 58*cqo + 17#co — S¥cae + coz )/64

koo = ( —co—3 + 4¥cos — 11¥coy + 40%cog + 40%cor — 11% coo + 4d%coz— cou )/64

rop= (cq 2 — Brco1 + 17#coo + H8*car — 10%cop + 4xcog — cod)/64

713 14. fractional—pel = ©]&3} 2D interpolation

L
i)
!
>~
>,
ofo
_OL
k]
30
o
H
108
i)
X
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heo,-1

Boo | @boo | aCoo | @dee | @00 | afoe | @goo | @hoo | B

bag, | bbge

Caoo

day,

eh,, | eago | --- e | €8 | e- «. | eap:

fage

8300

hago | ee | oo | wee | wee | wee | e | hhog

BO,l an,l Bl,l

13 15, MxF AEo o3t integer—pel 9} fractional—pel 2] ¢]A]

I8 15 = 39 integer—pel YXo] thdt 217+ fractional—

el gk 22 obg] 11 16 3 #Zo] A F Utk

aboo = ( —2+%B-10 + 58*Boo — 10*B1o — 2*Bzo )/64
acoo = ( —4*B-10 + 54%Bpo — 16%B1o — 2%Bso )/64
adoo = ( —6%B_19 + 46%Bgo — 28%Bio — 4%Bogo )/64
aeoo = ( —4%B_ 10 + 36%Boo — 36%B1o — 4%Bao )/64
afoo = ( —4*B_19 + 28%Boog — 46*Bio — 6%Bao )/64
agoo = ( —2%B 10 + 16%Boo — 54*B1o — 4%Bgo )/64
ahoo = ( —2*B_10 + 10%*Bpo — 58%B1o — 2%Bao )/64

19 16. A=p AdEF-of th3t interpolation
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2. 3. 2. 2 Half-pel and Quarter-pel Search

Interpolation < %3 7z} fractional-pel 59 A& 1 W
t}So= WA E fractional—-pel & & 718 #H A<l fractional—pel
A& = AAFS Sy Dok 19 17 2 integer—pel B4
BN Mele FHA2 integer—pel YAE V|FOoE FHZA9
fractional—pel 9XE F+= HAS el ot Folzl gAY
g Qtof EA|sH= integer—pel & TolA 7Hd W2 RD—cost
e zta = AE HAY integer—pel & AEdE 7o)
IME &3 $tthd, FME + FoJ%l #Z integer—pel ¢ F®]
EA|8k= fractional—-pel 5 oA 7H w2 RD—cost #h< 21

A YAE ol olE FHZAO fractional-pel = A=

HM <l3ZHelA & fractional-pel ©4 Al half—pel 4 %
quarter—pel §4& st 2 @A 84S E3l HF best quarter—
pel & A"sA He=d A, half-pel @A = HZA Y
integer—pel YA= %7] YAZ sl 71 FHE 8 719 half—
pel o th3lx] SATD—-based RD—cost & T3tx Z+ ¢X¥ RD-
cost # WuE FdI 7P @2 RD-cost @S HASH AE
A 9] half-pel & A9t} o] % quarter—pel EMolA= o]
GAl A AE ® HF half-pel X5 7502 FUsA FHY
8 719 quarter—pel ol 34 SATD—based RD—cost & AAF3}o]
7} 9J# ¥ RD-cost #° BlwE F& #HA S quarter—pel &

Hejshzd olgAl 9 #29 Wt @4 PU & A% £

ule

HE 2 Aol Hm olyst dH fractional-pel B4 HA

half—pel search % quarter—pel search 2} 3Ft},
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L] n {10 \ ] [l \ ]
L1 {1 {1 [ {1 0O {1 ]
[ Integer pel O Half-pel /\ Quarter-pel

19 17. HM 15719 9] fractional—pel B4 &4

Motion estimation oA & AFH ] HFEE 183t RD—cost

= a3t @ FElE AlAtsk=d integer—pel B4 A olA =
21(8) ¥ #o] SAD(sum of absolute difference) SATD 3$Hr&
o] &3t RD—cost @<= 4833, fractional-pel B2 oA
21(9) ¢ o] SATD(sum of absolute hadamard transformed
difference) SATD $4%& o]&3st RD—cost #t< # 83t Qith
714 O & dA £ ¥ 4 @S, P+ Fx 259 FH
4 ks gudt. BT A S¥dA A4 i) W
F33le] 22ol= HIE® R
FHE B 1 S A=A olyEk Exp—Golomb code =

ol gato] Elo]Ew A4

_|L
|
°
I

A= MIEH RS o] gdl 1tAas sk

AxkstaL 3l

Integer ME, J 1z, = SAD(Y | O; - P, |) + Apred X Ripva (8)

FractionalME, J g, = SATD (Y H-| O; - P |- H' )+ A py0q X Ry 9)

40 -':lﬂ-'i "':'l:' LH



fractional—pel © t 3t RD—cost 2] %t 7% interpolation ¥
fractional-pel 7} AAl EAsHA] &= s ddE AT
ZolE® Ase 1He A7 integer—pel ol thdt Art Al B} &
H integer gt o] FQsHA HEZ old uwg HEVC
EFolA = integer—pel ¢ fractional—pel ©2 A] SATD &7}

217} ge] A g5o] 9rt.
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A 3 A A} HM encoder hardware T-%

3.1 Hardware Pipeline 7-%
7} 8l+= A pipeline 7%+ ofd] 19 18 I oW HAj
TS U= AT HY+= THAM Mo g AH3|Z prediction

o)},

F%

stage °l o

Image Prediction Rgsidual In-loop Filter Entropy Coding —» Bitstream
sequence Stage coding Stage Stage Stage

pseudo AMVP
candidate list =

B
64x64 CU ? 64x64 CU
32x32 CU 32x32 CU |-+ 32x32 CU []32x32 CU
16x16 ] 16x16 [1 16x16 | 16x16 16x16 16x16 | 16x16
CuU CuU cu CU CuU CuU CuU
xe%xe eﬂax %
lculculculcul4eulculculcubculculculeuldeulculculculfdculcy culcuf]cu

¥ mode decision

19 18. 7F83%+= HM Q37192 Hardware pipeline 1%

HEVC ¢ HM encoder + 9 1939 prediction stage,
residual coding stage, in—loop filter state %} entropy coding
stage 9 4 94 CTU 99 pipeline 22 FAEcy 74 sk}
prediction stage oA+ inter prediction ¥ intra prediction &

TASA He=d B =FoA = inter prediction o ©jgk A

g
=
O

Ielo]l thsl] 7)<« 3tt}. Prediction stage 9} residual coding stage +
CU depth & AM=Z ©}E pipeline A7|E ZHA ¥3 PU &
T X0l 2Nx2N, 2Nx2N, 2NxN, Nx2N, 2NxnU, 2NxnD, nLx2N, 4%
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nRx2N & =AM Z a2 o=z
Hojgh H4E Fstes st

depth ¢ mode ZAAA] sync & 3stobar 714

4
o2

3t G0zl AAl unit EellA

49 C

HH
<L

c

rlr

3¢ CU depth
Fotet.
b 4t
AWE 5 vk webd s CU W mAE £49 PU B

FE=9l nRx2N o] th3t prediction stage 7} 55 3lF CU 9

S

C

c

ol

K

ol

depth 9] pipeline stage & PU &= A4 IFH= F&4

e

decision process 9= F#HsHA t CU & WA pU +3
79l 2Nx2N o th3t prediction stage & & = Qlt}, o],
prediction stage 9 A]ZHA]H™el MVP & AAsH7] ¢33t AMVP
candidate list & 7% W pipeline 7%$ HEVC %ol Ao®
Z—scan order ¢ JAFIY TAE WEE A 23] available 3}4]
2 candidate 7} '#AsHA @k kA, IME & F3st7] Qs
7] g4 A5 AFT u slice Y tile 9] boundary 7]
71913k spatial candidate 2] available ZZ79| F7}Z pipeline
TFZof  7]Ql%k  available FAE 1Y 3Y  pseudo—AMVP
candidate list & 7A% §F o] A¥%= IME 9 7] &4 A=

Aqaes a,

3.2 Pseudo Merge and AMVP Candidate List

Pseudo merge and AMVP candidate list & 93] HW 2] pipeline
TZE a#ste] 7 7] 'H=E spatial candidate ¢ available $ A
o fractional & WA A == ZA-¢, pipeline 7%2] 7Hde] wef Al
TR AR 27 & 5 3u old pipeline 9 724l 7H S

e A4S wEA "k
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1. CU depth = parallel 34 encoding ©] 7}&3sty 39 depth &
4 78¢] CU 7} encoding F&o| ¢+5 =™ A9 depth ¢ sync &

sl mode decision & U},

2.

off

ol CU ¢lolA] PU Partition <& encoding <A w

dependency 7} At}

3. PU partition mode ZFell+= dependency 7} §lt}.

219] pipeline 9] 7}4S 7|¥to 2 7}7}+9] candidate list 7%
9%t availability ©f tist 72 ol Zo] AM7HA ALz 7

@ %+ ek

Case 1) HM ¢ encoding =412} T3 43 3t o] PU 9
prediction ©] €& XA Lo} A PU 2 spatial
candidate 7} =7 W=E available 3F#] %+ block 9]

WS A%

=

ol

Case 2) merge candidate list 74 A PU 2Nx2N €] encoding <
t}& PU partition mode 2+ &8 HM o4 full RD cost &
o] 23>l merge estimation & st} uplbA
A|QFeki= HW pipeline 7% %+ Full RD cost & dA4F &2
prediction stage ©]3-o] & P FE 2Nx2N 2] Ao BE
spatial candidate & HM ¥} &Y% availability & A Ht.
17|41 HM ¥ FL3d availability #, ©]% candidate

block ¢ mv ¢ Y3 mv & 23] redundancy check
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HA oA available 3FA] &2 block ©] A= AFE

of ] gl

Case 3) mpxr|Zro g PU 2Nx2N 9 Yw=x PU partition 2
7A$-ol%  prediction = reconstruction HFZE  ZFH ]
F8igto 2 HEE PU partition © t3+ spatial candidate 7}
HM 3 3%t availability & Z¥Al ¥ 32 webA pipeline
Tz mE degradation & §lA H&E AS7F Utk o]

3¢ prediction ¢ X WA= <l workload 7}

S7beHAl H= e adeof g

o

B2] [B1[ B2 81

Al
A0

. unavailable candidate

719 19. Unavailable Spatial candidates for AMVP candidate list

I
o

19 = <ok 7]%3F availability 9 Z7o] ulz} zt
partition ™ 5 7l¢ spatial candidate <& unavailable %
candidate 7} o€ A H=A ol Wik A Al Aotk IME ¢ %7
g 91X+ unavailable 3t candidate & A &lstal 74 ¥ AMVP
candidate list |4 A4 ¥ 2] candidate ZHE Aol Hr}
olw] Z} stage o Ao wel A block ¢ <13 Y| residual
coding stage & FHE Al@elxi= <A pipeline stage A
unavailable #E candidate E°] available A €t} webA

mode decision A] rate & T& W& olE BEASIY @Y & 4

. 2 2] 2 )] 8



QIEE Stth. 919 availability o ofgt #Fo] w3 BD-rate
Aes st Adsh dab= ol el o] FEgd 4 Qo

1 ¢t merge candidate list 754 A] encoder °l| 4 pipeline %
o] approximation & & 3¢ s W3} — 2Nx2N 2 A €]s}aL

U™ %] PU partition ©|] tha| A%t approximation = & 74-%

2 QF. AMVP candidate list 774 A] encoder ©|A] pipeline t-Z°l

93] approximation & & A% As W3}
3 ?F merge candidate list 2 AMVP candidate list & 774 A

FAlefl approximation & & A A5 W3}

3 1. Prediction stage |4 pseudo merge X AMVP candidate list |

°]%t BD-rate[%] s W3}

Pseudo Pseudo Apl\s/[evu;?&
1080p merge AMVP

merge
RA! LB* RA LB RA LB
Kimono 1.02 1.51 0.06 -0.01 1.13 1.43
ParkScene 0.80 0.96 0.05 0.01 0.75 0.91
Cactus 0.50 0.83 0.12 0.04 0.42 0.79
BasketballDrive | 1.11 1.15 —0.04 0.08 0.94 1.22
BQTerrace 0.50 0.43 0.10 0.03 0.58 0.46
Average 0.79 0.97 0.06 0.03 0.76 0.96

'Random access, “Low delay—B

9ol A3 oA merge estimation 2 ZHA$ AMVP 9 A=

dependency 7} §l22 ME & 3813}7] $¢3l pseudo candidate list &

T

TAEEA] ot FHFEIE R merge & 9%+ pipeline 4 residual

[e)
o
coding stage °|A Fst=F 7FHstH 2 =4 2 <t Pseudo

of

i
[
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AMVP candidate list o] tjajArt &8ss om, o]= <QIst BD—

rate A3} random access 7] ¢F 0.06% A3stE g &

At
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A 4 % Interpolation Complexity Reduction for
Fractional Motion Estimation

Z1Qlskar Qla, F+ WAZE AdE fractional-pel & T #HZ 9
AAE 27 93 SATD kel o& 283t Qi ol
Bas FME A4S 7h43F &7 98] A8 AFSol AAR

WHES thea ol st aokt 4 gtk

1) IME 3 & A= = A integer—pel & YA = fractional—

pel ] 4 fIA 2 AAstal FME & ofel 8 sk#] k== s}of

AAE dAst At A3} o= el

3) Interpolation 53 A] interpolation & ¥ = F£& Z 43

i

9] FME 9] AAkS 7HA43) sk whet
4) Interpolation 3 A] ¥ ¥ = U2 {FAE 5 H
Q3% BA QX F£E Folx WHE o]gste] oo uiz}

3 B 9 x|o] et AEA © 7 interpolation < 3dF+

i)
to

i)

oz
)
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1 W] 4, PU 28 RES AFE &3 FME 35 o}
SHA] == A AdtE PU 8 E oA+ interpolation ¥

fractional—pel 2 F2& ol F38 1A YE= slo] ALk

o

bA43) ek W o R AAE SWdA = diF A avE 7igE
T oy A A dstE 9T ¢ gus dhol Q. EE
Uz ®ets3 o] interpolation GAFS HA3 s SN

interpolation ¥ ¥} & %3] ZZA 3} interpolation I3 o A

dAE Adsl zoiq @ed A daNw dghow

=
[-‘>~
ol
i
i)
oy
-
=
=
D
2
Ol
=L
¢
A
>
ot
o
}«
S,
rr
%
rO
s
4
2,
[JO
>
e
o3
=

4.1 Computational Complexity for Interpolation
HM <1799 AA|l HEolA  fractional-pel S $lst

interpolation BEHo] ¢ AAOZ = oF 359 AEE 7MY &2

Ax H|FS Hola Ed o] F pixel & & Ao thdt 7/8 #

interpolation BE Aol 70%°]% ©]7] wj&o] interpolation 2]

AN EFEE Fol7] fElAE pixel o & Aol st
interpolation 4t BREE =< £ Q= HWere AAFOFE

] © -1
.-'-\,,_H - -
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A]

Arh} Aol

T

1

o] elvh}
oq 19 13

e

A
A

(e
1l

]

Asp
A
e T
%= 7+ fractional—pel &9

=
=

80,0
ko,

jO,D

gl 4x4

i00

i

3

Q1 interpolation ¥AF &

Aoo | agp | boo | Cop
Noo | Poo | doo | foo

do,o €0,0 fo,o

h0,0

Aoz

A4
quarter—pel

sk, T

o

o ¢k A interpolation 2

1% 20. Quarter—pel JH % 7] fractional—pel 2] 21X

sfojol
20

S

2)
=
715 % % Z} fractional—pel 9 9F

19 14 oA HM oA <

e
a

A=l S

5

= AA

]

<

R

<)
BJ

o

shift

Operations
addition

9] interpolation & ¥
50

=

multiplication

= Aol

p=n
=

2. 4x4

3___}_
Fractional
pixels




|~~~ ~3|oo|oo|oo

OO ||| |
|| DH ||| D

-
@)

=4
=
\e}

X 2 F 7|¥2% CU 8x8, 16x16, 32x32, 181l 64x64 &

mlo

Z3st= 3 e CTU =719 interpolation = £t AL
Fee 5 daks AlAska § 1583040 © He=H, 97]A
HM 9] interpolation A] quarter—pel & nex & dex & A% half—
pel ¢ A&l 9x]o] w}g} interpolation AARS 3FA] Yol HE=
BF7F 71 wWiEel ol st HFHOE HM it oA

CTU 3} % interpolation = ¢+ <A HFF

Frt
|

1376320 oletal & = Ut} olw] A interpolation & AAEFS
100%etal 39S W half—-pel ¥ quarter—pel < interpolation
7] $18 HlEE oF 24.5% : 75.5%¢°) AFEFS FAT = o
2D interpolation AAFSE Q13| A interpolation °llA] quarter—
pel 9 9% AAS Y3 interpolation AAFe] interpolation ¢4
ERES giftEE AAstL e s g & F lerg 99

A% A3E EYZ interpolation FAFFS Fo]7] A=

HM <13 A interpolation = <34+ integer—pel =
7oz ddgS S7HAAA fractional-pel & T3HA H &,

olu] integer—pel ¢ & @& 7IT=o=E I AT =TS Fal
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1
T3HA "rl. o]E& 7z fractional—pel Ao sl SATD =

ol

Z} fractional—pel $1*19] 3% s UA AF3sE ANANS F

distortion & -&FaL o17]e] Z} 912 H MV o] th3t rate = T&t
RD—cost & 738to] o] Fel 7P @& RD—cost & 2= A&
best fractional-pel & A7dsh= thh HsH Aol HiExo g
olojAR B R B =)A= interpolation A4t HFE 143k} o]
W trade—off & BD-rate A5 AstE H4A3) 317 93 Wt
a3z S8l ok oA AFs 4 7FH] Wt =, 1) FME & o}
T oA kv Wt 2) integer—pel ©A A ASE AL ARE
o]-g-3f= W<k, 3) interpolation & AY ¥ FE A 4A3] 2dsh=
ek, 2 4) '@ QA s AAEs] Sole Wekel el ddAs
B

Gohd F o] W & AbolelA <l

4.2 Hardware Complexity for Interpolation and FME

2 =wolA Ak Hardware  Q1FUT S FRoA
Interpolation & $3F hardware 7%+ H.264/AVC oA A<kt
[14]¢] x5 HEVC &°o% &7sto] aAgaqirt. 7tz WgFew
4 pixel o W3ty sAl°l interpolation = s ol E
AxstuA = BEE Mz AV|wE HbEste] At =
Horizontal FIR ¥H 4 7|& AFg3slo] A5E 4 719 integer—pel
WOl half-pel ¥ quarter—pel < Wl cycle vttt A st=H|
half—pel ¥} quarter—pel & WE7] 98] 8—tap UEHE A}&3}17)
el kA 1Y 12, 1% 13, 1% 14 °|lA] 7|3 interpolation
WAl wel AyAStarAl sk= fractional—pel &9 el 13+
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3 709 integer—pel ¥ I} FHeoll At 4 709 integer—pel ©]
F7t2 Ho3A HAuh v cycle "tk A E fractional—pel &
integer—pel 53 37 AAAT. M= W39 fractional—-pel 52
vertical FIR ¥ & Al&-3sto] 5339 fractional—pel & AJ

el FAde WAow wEA Hw ol off 1" 21 I o

> O
Vertical FIR x 8

BB BB

Integer input (O Horizontal buffer
Integer buffer /\ Vertical buffer
19 21. AgFd= HEVC €156 9] hardware implementation o4
interpolation unit 2] -3
o 7] A, interpolation ° d#]+= A|ZF> PU partition ¢ 7]

we GebA A HE2Z CU 9 depth =7] ¥ 7} PU partition w}th
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interpolation & <F33}7] 93 cycle & ofd] % 3 I o

Aeladth. Bolld (@ FYgE BEF S 4xd4 BEES 7FC

A S Y3 5=9 integer—pel @89 AlE WEkoA 9JZ 3
pixel ¥ o}#| % 4 pixel & HEst=d A= F cycle =
ol u] gt}

3 3. PU partition =7] ¥ interpolation 94t =38 cycle
e
=

s
CU PU # block| ¥ele | PU PUS
Size Htition W|H () per block |3 cycle| average
7€ | part a (b) (a) * (b) |53 cycle
2Nx2N [64|64| 16 71 1136
64|32| 16 39
2NxN 1248
64|32| 16 39
32|64 8 71
Nx2N 1136
32|64 8 71
411 1 2
2NxnU 0416 6 5 1248
64x64 64|48| 16 55 1184
64|48| 16 55
2NxnD 1248
64|16| 16 23
16|64 4 71
nLx2N 1136
48|64 12 71
48|64 12 1
nRx2N 816 ! 1136
16|64 4 71
Sub total 8288
2Nx2N [32]32 8 39 312
32|16 8 23
2NxN 368
32x32 32|16 8 23 1344
16(32 4 39
Nx2N 312
16(32 4 39
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3218 8 15
2NxnU 368
32|24 8 31
32|24 8 31
2NxnD 368
32| 8 8 15
8132 2 39
nLx2N 312
24132 6 39
24132 6 39
nRx2N 312
8132 2 39
Sub total 2352
2Nx2N [16]16 4 23 92
16| 8 4 15
2NxN 120
16| 8 4 15
8116 2 23
Nx2N 92
81|16 2 23
16| 4 4 11
2NxnU 120
16x16 16|12 4 19 664
16(12 4 19
2NxnD 120
16| 4 4 11
4116 1 23
nLx2N 92
12|16 3 23
12/1 2
nRx2N 6 3 3 92
4116 1 23
Sub total 728
2Nx2N | 8|8 2 15 30
8|4 2 11
2NxN 44
83x8 814 2 11 9919
418 1 15
Nx2N 30
418 1 15
Sub total 104

Qo] o AyE vlE o R 64x64 =7]° CTU s} FME =
AALEL7] 93F interpolation ¥ FME o] Z Q3 43 cycle & ofd)

ES) ol ANT F ek
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¥ 4. 64x64 CTU 3t 71 94k 93+ FME 2] <38 cycle

. #PU | #ref. |search #FMET PU CUH
CU Size it ctur it B average | g =
partition|picture| po Uxd) | Z=eyele| T Jcycle
64x64 7 4 17 476 1184 563584
32x32 7 4 17 476 1344 639744
16x16 7 4 17 476 1664 792064
8x8 3 4 17 204 2219 452676
Total 2448068
E 4 = CTU st 7} =71 tfall FME <d4bo] F3x= 349}

interpolation & 338}7] 93t cycle o tjs] At A o2 FM

ey

= =] A~ -
g 3]s

Z} CU =7] ¥ interpolation ¢4to] WA= 3]4=
o] HPd uw wick
% ¥2 =2 FME 4t 3]5¢} interpolation AF 3|4+

&t

ali

1o

u]) gt} Interpolation A4S FME 9]

ro

il

X

off
(1

CU ¥ <3

2 4x4
744 etol

cycle E=0] 1 cycle ¢

interpolation <1Ate] g HT= zZ+ Cu =z7] H

| = g =
O

ZA8= PU partition 7Rl o 3l reference picture 2

M2} half—pel W quarter—pel search & ¢ 3t search point 59

PN

Z=o]| PU partition 9] interpolation 3 cycle 2 wo = epd &

ot

32

¥ 5. 7Pgshk= 4K@30fps HEVC 1712 specification

Specifications of an HEVC encoder
Maximum resolution UHD (3840x2160)
Maximum frame rate 30

# frames 4
# PU partitions 7
Search range 64
Frequency 400MHz
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¥ 5 & UHD 97 30fps, 400MHz 2 139 317 3
74438t HEVC <9zt A#S Uehdith, g oz 9
hardware 7FgelA 64x64 =7]¢ CTU 3sh}E AHgshr] 93

T3l cycle < oFg] 2] (10) 3 o] °F 6584 cycle o 3]st}

Cycles _ frequency — 400MHz *(64* 64)

~ 6584cycles (10)
CTU CTU rate (3840*2160)*30/ps

1

webA, ekA AALSE FME = 6584 cycle o] 2% $31% oo}

PN
T
322 interpolation engine & °F 372 7|7} HQ3A Hu}

4.3 Interpolation 94t 43S 3 43 HAE

1) FME <At A] PU & 2t A3HS 53 A4k 7H43) 1l
Integer—pel &4 % F8x1 HZA ] integer—pel A=
FME & F38st# &3 w2 H A2 fractional pixel Y= A=
sk A9 HM 9 ¥+ HAE 279 1080p Class—B A8 29 32
z<l 71+ 2% random access AANA °F 9.7%, low delay
AR sk 32 AskE

o] ] FME & S33d}%

A ok 9% A AsE @

0%,

feiz
=

W8kl 9kl 2+ PU

M
t

A== = Zlo] olygl HEVC ¥% #H7F 7159 Class—B
1080p Al Ao A CU EE F best & AEo] ¥= H|&o] 2F 80%
o]A4[15]¢1 2Nx2N 9] A$+ FME & F3d3ta ymx PU #&
R F FHAHoR HAYxE= HlFo] ¢ 4 J)° asymmetric
oz FME & 334 &= 3stof 43 BD-rate

Aets N = ok sHARE o]d Ao % BD-rate & #3H7F
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4% o)’Fe] o] ¥ =iollA interpolation AAFF Al FAlC
std A3t Hask stEs el kA fof ol A
O~

s AL S F3

2) Quadratic 292 o] &3t RD—cost interpolation

Quadratic interpolation model & IME <3 & 3] % best
integer—pel ¥ 1 =W #/$/3/3HY] 4 7] $1A19] integer—pel 9
RD—cost #& smoothing 3tz AME Fate] T A4
=3 4 /M9 quarter—pel ¢ RD—cost & 3t W & &z
RD—cost #S Blw3sle]l HZAQ quarter—pel $YX=Z AE
walolth, Macro block (MB) & Aol 16x16 ©= A|sts] o] Qd
H.264/AVC olx Hzx Alkd Ao o5 Adst= &2

A717F ¥ AX HEVC o Jdti® 283 A9 error &% webA
S7FetAl o] BD-rate 2o A&7t AstA @A 4 el fla
A =Ro| A AFE3F metric @1 RD—cost 7F &4 2 (8),(9) ol A
A3t wkel o] distortion ¥ rate & TOE o]FojA &S
}9l S uwl, 7} fractional—pel 9 Y ¥ = MV 9 Zold
gk ghol whdEol i AFEjell A approximation & Al HW
o

A3] error &°] AA F wol glok= Aol Ak sHA, ST

0%
)
O

‘_'6‘
AR A9 ATE F 0 ANT 5 A= WU AL sk
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1% 22 + interpolation A4S FFA4s) 7] ek 2wy
AAbol]l HQ3E integer—pel 9 X9 integer—pel & AHRE
o] g3sto] AAE T8l AASHA =& fractional-pel 52 A=

Uepd Zlol o,

A2,2 A2 A1, b > Ay Az
Az A Ag;:1/a0,-1|bo,-1| Co,-1|A1,-1 2,1
Ao Ao mao,o boo | co0 [ALp Az
d.2o d.10 doo | €00 | foo |Goo | dio dzo
h.2o h.10 hoo | o0 | joo | koo |h1o h2o
N.2,0 N.10 No,0 | Po,o | qo,0| Fo,0 | N1,0 n2,0
A3 A1 Ao1|a01 |bo1|co1 A1 Az1
Azz A, Aoz | a02 | bo2 | cop [Ar2 Az

. best integer-pel
. D integer-pel for quadratic interpolation

. D D integer-pel for bi-linear interpolation

. DDD integer-pel for bi-cubic interpolation
19 22, Interpolation 94F 7+4A3F WY HH integer—pel ¥} fractional—

pel 2] $14]
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IME 43 & A"l = HZ 9 integer—pel T+ % Z} interpolation
W ®HE fractional-pel RBAS Y FrrHor HQ3
integer—pel © W] Lo} A, quadratic B2 H-¢- FHFH
integer—pel ¥} 1 ¥ /31/F/F 4 719 integer—pel & A X7}
I 93}, bilinear =29 A% 4 integer—pel ¥ 1 FH 8719
integer—pel & X7} 3t} 1831 bicubic Rd2] A-$ F49H

24 71 9] integer—pel ] JRE o] g3stA =}

3—-2) %A (Bilinear) 29 o]£€3 interpolation
Bilinear interpolation X2 interpolation = $3F o]

A]

r

Aozt HPAA HHE 21 doks el swehs

Ao ZX

=
o

2179 %F 5+ integer pixel F W7 A L4vpd &g

integer—pel ¥ < XAre] E£A)8}= fractional pixel 5& /%

)

—

=2 74/3F integer—pel 2 Hrgto® 7hds] AR 4 Q.
B =Foq¥E  interpolation A S Al dbA Q]

interpolation ¥ #o] A pixel 9 3% #S o] &= thil RD-

cost =2 SATD %k WS = half-pel ¥ quarter—pel $%¢

interpolation & 338t WHS AASH olH A9, 2 FHHY

e

A}-S.
=

rSL'

CE}\

-

ftlo

Jst7] f1st 5% AAsE Aige s &

Olr

L =
T o
PR

, pixel interpolation ©. & 3}o] A fractional—pel =

ot —h
ol

Al
AN

71 s 718 ez 2 99X RD—cost &t =2 SATD

AArret= GAlE AY ¥l interpolation AF ¥ H|W7]E

o B
o

(
-

Al #F A9 fractional—pel & 11L& F vk o] sl
Bilinear interpolation X2 A3 fElA=  FHA 9

integer—pel 9% FWHOo=Z 8 7 point © W3 RD—cost =&
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SATD #& F3&to] 1 #E 71507 ofg 2 (11)2 o] &3}
2}7} 9] fractional—pel °] t-§3= RD-cost &< SATD #=

AR F 5 9k

ago = (oo +bgy+1)/2
boo =(Agg+41o+1D/2

o =(bog +hoo+1)/2 (11)
hoo = (Ao + 4o +1D/2

Too =(bgy +ho+1)/2

3-3) ¥ (Bicubic) 2 ©]£3 interpolation

Bicubic RS o] &3 interpolation @A FEt1At =
fractional—pel $1x19] 42 &2 43 wWake] 4 7] pixel o @<=
o] g3t AOoZM dx A3t bilinear EEo] 2 7l integer—

pel o FHTS ol 3Tz A vwstel AN F F o] YA

B =R E Bicubic EES o] £35t9 interpolation Ah
T3 Al kA bilinear EE¥ o] <R pixel & = FE
o]-g3t= thil RD—cost && SATD % We = half—pel 3}
quarter—pel $13 9] interpolation & F33st= WS AL ).
el IME & ZA4d¥" HA integer—pel ¥ 1 FH 24 7l
integer—pel o thsk E7} dQs ofef 2 (12)5 ©]&3tof 2z
integer—pel ©| t$t weighting & F°o] E Q=2 3= fractional—

pel fIAe that gha ALE 5 Ak
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Coo = (~4d o +53dy o +18d, o —3d,, +32)/ 64 (12)
hoo=(=A44+94,0+94,,—4,,+8)/16

# 4] fractional—pel< ©43sl7] 98] F714 02 ZF 91Xx¥ RD—

N

cost @ =& SATD s Alxlels dAE A9 Ha
interpolation 94t % vH|w7]|E &3 FA] FZAQ fractional—
pel & A8& = Qlth= A2 FU3t, bilinear 223 H] w30

AA AT BD—rate 57t trade—off AE B Fo=F

4) ¥ 9 59 7S ©]&F pixel interpolation

= oA AsFLAF SF= Bilinear =< Bicubic interpolation
T2 do] 7]&£2] pixel—interpolation ©] ¢oFd RD—cost &< SATD
interpolation ©]A| Wt & WA interpolation & €3 g =
T Azrel &3thal & 4 Qlrh o] A% AdAdelA pixel 9 3=
e o] g3t= 71£9 interpolation WS AME-3}E interpolation
TE AAs] £o A4 HFHE HFAE 7 F o
o] 3+l H.264/AVC oA = 6/2 ®& o]&3stal =l ulal
HEVC o4& 7/8 B A 83t o] HEVC 2] interpolation €14k

EXREE 7]FO92 H.264/AVC 9 interpolation A4t HFEE

o
ek
o
10,
5

Maald oF 30% WA[16]e] Ead e I

] © -1 =
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o]x= HM <lFyo|A interpolation At ZFoA %= AU Exsh

rl

AxbeFS A8kl )= quarter—pixel &° t$k interpolation &
98t interpolation JE B F7F 3243 Sold A 93
2y 5t =

34 dsle] fst J5S mEste] [8]9 o] 8/2 BME Algat=

Ae ned B FE QAT /RAOR pixel o AE g

rlr

AOR QA BAE SUE nANAS T 6/2 ¥

o] &%t interpolation & =90 Fo]zelQl FxeoA] A AS AAY

A2 4= dbo] ¢lE HMHo]E 2 RD—cost =2 SATD #& o]&3k

x
ey
9
fd

bilinear %2 =2 bicubic interpolation E&-S A& %

sk { g W F =9 E s ES sl
Bilinear ¥ Bicubic ®E @S ©]&3t] RD-cost =2 SATD

#hOo. % 7} fractional—pel $1#]2] gto = AT A5 71EY pixel

A = ol&s ¥ Iy

A= solA A Ho] dnpzte] std Aok 9@ & ogloh vk

interpolation = 3%t AAF FHS matrix dAFo] ol scalar

ol

W29 interpolation W RE.TH

ArRto®  thA7E HWEA EV|For JiAT & Qe ARl
Rnormz AH3 xS T FA AstsE HiI T ¢ Qe
Heks Fe Zls B =i HEE SHSith Bilinear REM
Bicubic =% interpolation & 7|22 0% A48 = fractional—
pel ¢ FW integer—pel 2 ko] HHAl EAHE ol&dte=
Zolng e WS o]l&sto] HAS Ass ZIdst] fAsiA=
FWH pixel E9

e (unimodal) & 54& Holop @rke @A xhol Aasrh

27} Y (homogenous)3tAY @Y

M

|

o5 &l ofeiel ol AR AEES Tl IME oM FHHow
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>

NEE integer—pel & 7|22 FW pixel 59 FEIE7} o]yt

Il
oX,
ftlo

23l Q=R FAE Bkt

Distribution of Ratiosas for best integer-pel and Distribution of Ratiogps; for best integer-pel and
neighbour 8 integer-pels neighbour 8 integer-pels
100% 100%
20% 20.1 18.6 80% 7.7 18.1
0% | | s 80% 83 83

9.4
9.3 | 70% 9.3 9.1

60%
50% 50%
0% 0%
30% 30%
20% 20%
10% 10%
0% 0%
Random access Lowdelay Random access Lowdelay
B within 10% W10%-20% W 20%-30% ©30740% = 40°50%  over 50% mwithin 10% ®10%-20% =20%30% ©=30740% = 40°50%  over 50%

19 23.1080p 5 70 A|A~NA HA integer—pel ¥ 1 ¥ 8 7))

integer—pel ] RD—cost %t ¥} SAD #2] 3 v|&

a9 23 9 9% IME 3 & #HZ oz HE #H integer—pel
¥ 1 9 8 7 integer—pel 59 SAD # T HA2#T Hoake
Zpolo] st FEojx QEZEZS FAUAS WHOF RD-cost kol

st X2 HM 9l ¥% H7} o)A Kimono, PartkScene,

=<
AN

Cactus, BasketballDrive, BQTerrace 5 7§12 1080p sequence 2]
7y 32 el Ht Adolrt. 7} X = Ratiox 2 YERY =
o714 X & SAD # % RD-cost = ¢ m|3slal Ratiox © thsh

AL (13) 3 o] xd & 5 Stk

RatioX =(XM,1x—XMin)/XMax (13)

9 g™ 7FE %9 within 10% 21 2 integer—pel 9 7/l &
H29 SAD #¥ HY SAD 9 zol7t 10%E 9A 4=

5 YuistH AZHE 2 Zgol dEd 3 v & yedd S5,
’ LR LA

s



thAl #elald Ratiox © IME 3 % 8l integer—pel <
SAD %t #X =& RD-cost #9 X2 & integer—pel

Ao 54o] vk} RABAT Uehl: Ro=A 0%
—_L

Haos gdst 545 Rmeju vk 22 5 9lem 100%¢
CHEEE #dd 548 A v & ¢ Qo ddd
A= olmAe] ol wH ol AL EAEHA k2 el
Agatr wdskA X 9 object 9 edge oA <]
boundary <= object o] =& lo] w43] FAs= A Holekn &
T 3l

RD—cost #<° 39 SAD #eol Fx7F & 3tel & Akol7}
l+=d, RD—cost &F7F 21(8),(9) A2 #o] distortion I}
MV 9] & (Rate) @] #O.Z o]Fo A QlojA RD—cost & metric &

=

39S A$E integer—pel 9% WHE TE A7|9 & Fho)

tlo

oA Aoz YAPE W SATD @itew #¥ 5 Wk
2} RD—cost #OE FEE HYS w Fo]E wWo] Hojok
stokar Azkety] ek kAR, RD—cost & A ghellAl SAD ghol
AA s HlS o] thatelal & grol ARA|sh= BlES oF 30% ~
10% wwte = off 2 JFNE mAA HER 9] Izl
22 Ay vy & 5 Qv o4 2" 23 7F bilinear
interpolation & A& 3F7] ¢t Ald A8 Axpeld, 79 24 =
bicubic interpolation WS A}E-3l7] AAsA] RS Ftd}y]

A% A Az A7 SAD 43 RD—cost #ell dis IME 3

S HAoz HAE 9 integer—pel 9 71 FW¥ 24 7} integer—pel
=9 & T FHx#H Hdge Aol FEQ Ratiox & UER

Tezolth. H4 integer—pel TH 8 V| A TS HStS o=
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access A A ¢k 10%, low delay 242 A% oF 12%9
4571 o] Avia & 4 o olH FH9of thsfA bilinear U
=& bicubic ¥ & approximated interpolation < % -£3}o]

fractional—pel & AT ZA¢ AxE 7H43)F A 3 A=

Hizt & ¢ vka Mg sl T Elgeiet

Distribution of Ratiog,, for best integer-pel and Distribution of Ratiogpfor best integer-pel and

neighbour 24 integer-pels neighbour 24 integer-pels

100% 100%
90% 90%
80% 39.3 il 80% 39.1 36.6
70% 70%
60% 60%
1.7 11.7
13.1 13.1
50% 50%
12.5 125
0% 12.9 0% 12.9
30% 128 = 30% 128 =0
20% 20%
10% 10%
0% 0%
Random access Lowdelay Random access Lowdelay
W within 10% W10%-20% 20%-30% ©30740% = 40°50%  over50% Hwithin 10% W10%~20% ©20%-30% ©30740% © 40"50%  over 50%

19 24.1080p 5 7] Al olA A integer—pel &F 71 FH 24 7Y

integer—pel 2] RD—cost &t ¥ SAD Fte] 3 H&

4. 4 Bilinear £} Bicubic interpolation & 4§

A APE &3l H4 integer—pel 9 I FHE SAD # =&
RD—cost 38 X5 Fal AQAQ dFelAe +d 54 oAF&
2ol S HQ}. o] AyE o]&£3sled half-pel ¥} quarter—pel
O 11 = =
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@919 approximated interpolation = <33}°%] interpolation
AAHE A3} Shs Webel tiEl 4 AR EFete] AdE] ®ktt
ofg] AHE BF HM 2% H7F 27[17]1¢9 1080p class—B 9
slgsts 5 ) AlEA MR 7 32 Zy el diE QP 22, 27, 32,
37 ¢ 23°= low delay ¥ random access Aoz F3Y3 &

A%e el shar.

4. 4. 1 Bilinear Interpolation

1) SATD & ©]£-3} Bilinear Interpolation

IME <38 % XA"o] ® 4 integer—pel ¥} 1 FH 8 7|
pixel & SATD & ZAiksto] A% F o5 o]g3ko] half—pel
G2l 2} quarter—pel 919 7} 91X HE SATDE A4l shrt. okA
SAD Z ®#¥E& %< 3s}%li=d interpolation Al metric &
SATD ®W7A3g olf+ HM 1=t7} IME & SAD based RD-—
cost & ©]&3t11 FME i+ SATD based RD—cost & ©]&3}7]
o] o]E FFe7] AFOE HM IFToA% IME § FHAHo=
Ae¥ integer—-pel & FME & SF33sl7] 98l HxEel SATD
ANs FAA doh FY pixel YA 1A metric & SAD ol A
SATD 2 W7 ¥ ¢ hardamard transform AAFEF F=7he] 2]
| pixel ©] zZtal &= distortion #ko] °F 1.8 wj F7skAl EHuh
A =747 Ratiox © 7 integer—pel & Aol Aozl wlw
ko171 w&ol metric & SAD ©A] SATD = WA3 slyet=
Ao As JFFS wAA dev 2388 IME 3 % Ratiox &

o

AxLs7] Yl 5 Q3 integer—pel 5 SATD %= W33

AAS A HH B Q3 AXE] overhead 7} 77}0}74] Ll
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SATD £ ©]£3 bilinear interpolation AlAF =212 kA 7]<3k
21 (10)& ol g3HA ¥ FMEE $3317] 98l H4 integer—pel
Tl Z} fractional—pel ¢ SATD kol AAF =™ 9% W¥H=E

_

olu] AsfA A= MV 2 rate g2 Y3te] RD—cost 4= 7Hds

AALsE 4= glth. o] % quarter—pel 2] X oA RD—cost #=

i
i
1o

o % 7} 23& RD—cost #S 2zt 9= A=

fractional—pel YA =2 A4 & FME & F53tt}.

2) RD—cost € ©] €3} Bilinear Interpolation

o] 1 W Wk Fds WHOE FME & 43 3ty SATD
#o] obd RD—cost #k& ©]&3}°] bilinear interpolation & 3
st} integer—pel ¢ RD—cost %t 2% interpolation & T3 Al
7}7} Ao]z fractional—pel YA RD—cost 5 F7}2¢l Al
glol &= BlE gk PlaE Sl #HAQ fractional-pel X5 A4
T AU

9 256+ AFA A¥g Ea) g 3 IMESFd F gl ¥ FHZH

rﬂ%

integer—pel ¢ 91A1¢t I FH pixel 59 FX 5445 wEYsto]
SATD % RD-cost & Z}7] ©]&3}9 bilinear interpolation oI
A 23t fractional—pel & A3l H A fractional—pel E-A71A]
Z13sto] BD—rate 45 W37t WA H=A &gt Aot
T ze A 7kE S0 within 10%Eh= ¢]Pl= Ratiox 7} 10%
ojujel ZA-¢of thalAl Tt bilinear interpolation & #€3t1 X

Ratiox ° ™eiAl= HM XEF¥ Zo] 7/8 ¥ AEHS o]&35f
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interpolation & 3 3 ¥ BD-rate A% W3S Qs Ao
=, 1080p Class—B 5 7} A|#f~9 HH AF}=E Ratiox 7} 10%
ojuIQl A= oF 36% L7t HAgstar Sl o] A-¢-®F bilinear

interpolation & #€% 7% BD-rate #3}+= random access

v}

AAelA ek 0.05%% A9 W3t e & 5 U =

ofl
rO
ol
ol
X
kit
=
o
=
o
=
2y
o
N
4
=
Q.
=
@
o
=
=
=
@
=
Lo
=5
[ab)
=
O
=]
1o
ol
ofo
2
ok

-

WIS 5UFE BD-rate Aol A 9 AsHi e 2
G oo AN F8S 8% A9t BD-rate A% A7} o)
5 P o uhek ol #H7

9 =Xx7F 7LsHA ko™ bilinear

o
s
=
o

)
flo

>~

integer—pel =

2
ol
flo
N
e
5
)
o
N
K
krt
310_[1‘
i)
e
o
i

interpolation & F3j4 A

A3 HGE o5 AL 5 YeE vl @k

BDrate change using BDrate change using
bilinear RDcost interpolation bilinear SATD interpolation

100%

BDrate [%6]
w

. 186
127
R 0.68
0.4
% 0.02 0.05

All within 50% within 30% within 10% All within 50%% within 30% within 10%

mmLowdelay ZZZRandom access ——Ratio RDcost mmLow delsy ZZZRandom access ——Ratio SATD
13 25. H4 integer—pel W F3¥E2] EAJS W3 2 71K HBHOo g

bilinear interpolation 2-& A] BD—rate A% W3}
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4. 4. 2 Bicubic Interpolation

1) SATD & ©]|£3} Bicubic Interpolation

919 1 W3} FAsA SATD & ©]838ke fractional—pel 914 ¢]
interpolation & <3 3}% bicubic interpolation ¥H & o]& 3k},
ojuje] AL flelA Zlssk A (11)& o]&sk=Hl bicubic
interpolation & AF-3}7] ¢l = #H & integer—pel & 71 FH 9]
8 7l obd 24 7l pixel o FRE o]&3it} 7 9% ¥ SATD &
A4 3t o= FME 43S 93t fractional—pel 91X ¥HZ rate
#= © stel RD—cost #= A 3 F HluE &3 7P 2
RD—cost #= z1 A= X5 HAQ fractional-pel A=

A s & FME & 13t}

2) RD—cost & ©]£-3 Bicubic Interpolation

Bicubic interpolation W& ©]&3}o] fractional—-pel ¢ Ft=
AAetE SATD  gtel  obd RD—cost @&  ©] &3}
ook A e
FYstA IME ¥ F% pixel ¢ RD-cost JHE FH3to] 2

ot

approximated interpolation & 3%

(11)& &3l 2 fractional-pel $1* & RD-cost &= T3

o

Zk 9121 3 RD-cost @& Hluwsle] FHHom A7ty

fractional—pel &] A& A4 st}

rlr

Bilinear interpolation W% ¥+ t 274 bicubic interploation <
#H 24 integer—pel W 8 7] pixel 52 AXE thal FH 24 7
pixel 59 AHE o] &3tA HERE FHY linear $F 540 F ¢

MEA o7 wrd ¥ M A bilinear interpolation & A9} B] 1w 3}o]
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Ratiox & F9]% F <3t approximated interpolation &% £ ol A

BD-rate d&°l ¢ 1.5 Ml ~ 2 v} 7}& &4 He 2e IAS -

o

QY. =, EA  fractional-pel HYAE 7] Z  bilinear

N

interpolation & ¥ 2 7 pixel ¢ HAHE o] &34 % bicubic

interpolation & W 4 7l pixel 2] AHE o] 834 HEPE = ¢

T~

g3 interpolation ©] ZhssiFaL ool BN Adso] F
Holth= owl® olsfd 4 St} &FA|nk, Ratiox A HlEo whE
pixel—interpolation A4tFS  THsF] AA  AA ATRFS
1A = 7% bicubic interpolation & $13F AR 24 7] $A] o]
gk RD—cost £& SATD AAte =z H7HA Q1 Aite] F7hetA|
= ZA o7 Q&) bilinear interpolation ] Ratiox & £ A
Hlgol A A= Az a3k o ASHA fu webA o] § o=
bilinear interpolation & 9FZ A Alge ds] AFS 3

e s,

BDrate change using bicubic RDcost interpolation BDrate change using bicubic SATD interpolation

6 100% 100% 6

3.16 321 3.12 3 06

BDrate [%]
w
tn
<
g
BDrate [%3]
w

0.910.90 10,904 1

v .380..

within 50% within 30% within 10%

10.9%

% 0.32 0.36 0.06 0.01 1004

within 50% within 30% within 1000

mm Low delay ZZARandom access =e=Ratio_RDcost = Low delay ZZZRandom access =+=Ratio_SATD
19 26. F4 integer—pel TH 2] 5445 REGs 2 74 vy H=E

bicubic interpolation 2] A] BD—rate A5 ¥3}
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4. 5 Interpolation Filter 7| A< T3 A4 743}
A F7kA ] A& A interpolation A] pixel—interpolation <]
WS 48 8% ¢al fractional—pel ¢ %S approximation &
T oUue kel dis] ol ®Bogth sid WHES 7159 pixel-
interpolation
o Wy wlwete]  Aabe oiFE A ¢ SIAIRK
interpolation 3¢ Ayl HAUE ZHoA] FHekg 4 Hhof glomF
BDrate sl Az & = v wEbA,  pixel-
interpolation ¥} A 3 SATD =& RD-cost & ©o]&3H
bilinear =< bicubic interpolation W Zkel]l AAF A7y
BDrate ‘& AbolelA Y& o= uk X922 ka1 3 JE 9
A= 7 = Qe WHE s & ok Qv A

Ao A= pixel—interpolation &

1S 3}E interpolation <
3t dE 9 MFE ZogA AAS A3 = Wk el E

Agre stgeE, ol EF9

o
-
\\]
(@)
o~
~—
>
<
O

oM+ quarter—
pel ©&¢] interpolation & & 6/2 ¥ IEE AL oD R o=
T2 HEVC ° AgatA =i 7]Ee] 28 Hol ™ 7/8 3t
Hlwste] e g7 Yy & Zolrp Alste] std A3
At s HERE std At HAs stal FAlo] AR
7aA17171 98l [8] oAM= 8/2 ¥ HEE A &skth. =, half—
pel o taiA= 6 o] ofkd 8 Hor AWEE F7MAIIAL
o|2HH U2 AHRE o]gsto] quarter—pel o WA= 2 W=
Agsto] Ast © AAS HER Y oA A ATt
nkel 7ol x| ERIelA 2D AH Y Ailo]l Eo17k= quarter—
pel 9 interpolation %7} A interpolation AAF2]

79 "':l"*-_s _'q.;_':. ¥



BT ok 75%E A|Etar 9l7] wiiel quarter—pel

2143} interpolation ¢+ Wbyt 8/2 ®¥1S A&k wWole] s
BDrate 9 A% W3E Fels] ww ofd] ¥} o] A £

.

¥ 6. Interpolation filter 7§15+ A7+ WHH ¥ BDrate A5 W3} v

BDrate [%]
sequences 6/2 tap filtering 8/2 tap filtering
LB! RA® LB! RA?
Kimono 0.57 0.73 0.47 0.61
ParkScene 2.45 2.85 2.45 2.71
Cactus 2.37 2.05 2.37 1.91
BaksetballDrive 1.05 1.54 1.05 1.42
BQTerrace 3.45 5.98 2.54 5.12
Average 1.98 2.63 1.78 2.35

"Low delay—B, “Random—access

A F7kA Ad83 bilinear Y bicubic  interpolation
interpolation ¥ ¥ 4 Ao FH WIT BDrate A% I
t 7 3 o]l A & Utk

©17]A interpolation ] it EFE= 64x64 A71e] CTU gt
ME 7Y st7] fal Qs A FHS 7IFEe o ol oA

X 2 o 7]&3st vloll ZASAY. % 7 oA interpolation AAF

535+ tAE BDrate Adt &3 trade—off ¥AE ZH1l US=
¢ g Q= o] AL F vl FYsh interpolation A¥E 93
AAF &Fo] wWolxW Wol 2% BDrate o< Folxa ALk
F& =ol4l =Y BDrate Aste HT 5 fvte dest WAE

Aeelstdtia s 4= Qi TS 7|9 pixel—interpolation )
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%%t interpolation 91AF 7FAsE "k A A SFS T

3 7. Interpolation W ¥ AAF B35 [%] 9F BDrate A5k (%] v

Interpolation methods computatlgnal BDratg
complexity | degradation

7/8 tap filtering for sub—pels 100 3

(HM)

Quadratic model for RD—cost 7.5 5.81
Bilinear filtering for SATD 10.1 4.88
Bicubic filtering for SATD 22.0 3.12
6 tap filtering for half—pels

2 tap filtering for quarter—pels 26.5 2.63
8 tap filtering for half—pels
2 tap filtering for quarter—pels 33.9 2.35
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As gAY A%

5.1 SATD £ o] &3t Z7A % Bilinear Estimation

A7t ek el Fger AY AvREsES vEoeE HM
A3 oA FME & 93t interpolation 3 A] A4l B3R E+=
Hustoz Ages FAlol BDrate A5 Adts Haddoz &7

d% AP A shark

[
)

WA 2 fractional—pel interpolation < 3+ approximation
Al 0] &-3k= metric ¢ SWeolA RD—cost #t Xt SATD &
o]-&st= WHo]l Rt mEHA] Aow AWdskgIt. RD—cost
3k Distortion Z} rate & FOZ o]FojA Sled AR HE
fractional—pel o % H=Z Z}7] & A7]¢ MV ¢ #S zt1
NE rate ©] RWEFEO Sl AHICIA o] #HES o] &5t
interpolation A= approximation 3FA  HW o2 &0]

SATD ih& o] §383& A-+-ut & v A/ %5 7] "ol

T+ WA Z, interpolation & approximation 3t HH S A
71%€ HM ¥ TA3 W29 pixel—interpolation ¢ A e =]

Mg A-s] zolAl WA ANFE £o =9A] BDrate &
AdAoz AA AdEe adsE gl AT 2 =wolA e
interpolation ¢ A4S © A& Al F Qe wWks 9l
bilinear interpolation ¥} bicubic interpolation ¢ A&E&
IR o] F bilinear 222 7% interpolation 3F1LAF =
fractional—pel & THOZE 1 FHE 2 7l pixel YA AHuS
- FHel 4 7l pixel $1A9 AHE

o] &3}A| %k, bicubic & e
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ZAS AAs] gAste] A|ekst interpolation 9AF 7FA3)

o2
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£

HAstA vty faEW HM d3delA 7)E

2
Y
oo
L)
o 2
s
o

pixel—interpolation & <33} BDrate #s}& #HATHO

gt ks ekl

do

I

Y 272 SATD & metric &2 &} bilinear 22-& A4-315]
AT A k= fractional—pel W pel &9 roughness =
#3ke] threshold & AAsta, 44 4= ©]+] uniform 3+
EXJo] #elx approximated interpolation & 33ty 1 X
okom  7]&9 pixel—interpolation < FHIFEE Flo] A
535 W31 BDrate A5 Adhs HAOo 7 szl sk Ak
duE]lEe A flowchart S UERATH

199 Flowchart oA 3oz Az vlA= 7|9 HM
AFHeA ME & T3t S Uehdle o2 kA 7)&=3
vle} Z+o] BDrate A% 3} interpolation 94F EF % trade—off
HAE Hola SlaS AVlstod, Ak LagFelA Aok
threshold 2 7%l <&l BDrate &3 <
Atolell Al dots s 28T F AEF %tk =, threshold
4EE o] pixel—interpolation & Wo] FIPEE Iy
BDrate A Aot *FE F Qv oAl dAb &

ol Al ¥ 1 threshold 4 EE %A bilinear interpolation =



|:|HM original flow < ME (4, t,) )

g gy
i Integer ME
‘ best candidate from AMVP candidate list ‘

v
‘ 1, = best integer-pel after Integer ME ‘

]
iDyun = SAD(y), hy=1Iy
iDMAX: max{SAD(I,)}, i€ {1..8}
¥

‘ Ratio;y = (iDyax - iDyy) | iDprax ‘

Fractional ME |
Yes No |

‘ SATD(), i € {0..8} ‘ ‘ 7/8-tap pixel interpolation ‘
] ]
bili imation for SATD(/; g
‘ ilinear appr?]z&éngg";;o}n or () ‘ SATD(k), j € {0..8} ‘
\ T
v

Half-pel search
H= argmin(SATD(h)+A-R)), j € {0..8}
v

1Dy = SATD(H), qo=H
hDppx = max{SATD(i,)}, k € {1..8}
¥

‘ Ratioyuy = (hDypax - hDypy) [ hDypax ‘

‘ 77/8-tap pixel interpolation ‘

]

 J

bili imation for SATD|

ilinear approlr:flam{?)ulg}n or (9r) ‘ ‘ SATD(qy), k € {0..8} ‘
[ ]

Quarter-pel search
0 = argmin(SATD(q;) +A°Ry), k € {0..8}

<Stop, final motion vector = QD

1% 27. Proposed FME algorithm using conditional bilinear

SATD estimation with two thresholds

AMVP candidate list ©|4] best candidate 7} A o] == s

A =AY WEE IME #3927 AR 4ot IME =
T F HAS integer—pel °] A HW T fAA ()=
7IFo% FME & F38tA H=d IME 53 % #HZ integer—
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Abstract

A Complexity Reduction Algorithm of the
Fractional Motion Estimation in HEVC using

Conditional Bilinear SATD Estimation

Dae—Bin Lim
Dept. of Electrical and Computer Engineering
The Graduate School

Seoul National University

The process of the inter prediction in the HEVC encoders finds
the best partition mode for the each coding tree unit(CTU) and
prediction for each prediction blocks (PU) in the CTU and then,
encodes the residual data which is the difference between the
original PU and its best prediction. To find the best prediction
and its motion vector from previously reconstructed pictures,
motion estimation which is consist of integer motion estimation
(IME) and fractional motion estimation (FME) is performed. In
the HEVC encoder, IME selects the best integer motion vector
(IMV) through the test zone search algorithm and FME also finds
the best quarter—pel motion vector (FMV) after obtaining
predicted PU for the fractional positions with 7/8 tap

interpolation.
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The coding efficiency of the HEVC is improved supporting
7/8—tap interpolation compared to the previous standard of
H.264/AVC that uses 6/2—tap interpolation for sub—pel
prediction. However, the computational complexity of the FME is
substantially increased due to the repeated interpolation for each
PU partitions of every coding units (CU) in all coding tree units
(CTU) with all reference pictures. Therefore, it is necessary to
reduce the complexity for FME without substantial coding
efficiency degradation in the HEVC encoders.

In this paper, we propose to estimate SATD values with
bilinear filtering for eight search positions of a PU only if the
SATD values for the neighbors of the motion vector after the
integer or half—pel search are smooth enough. According to the
simulation results, the proposed algorithm reduces the
computational complexity for interpolation by about 69% on the
average and incurs 1.15% BD-—rate degradation for the five

class—B video sequences.

Keywords : HEVC, Inter Prediction, Fractional Motion
Estimation, Complexity reduction, Interpolation
Student Number : 2014—21602
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