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Study on Fast HEVC Encoding with Hierarchical Motion Vector
Clustering
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Abstract

In this paper, the fast encoding algorithm in High Efficiency Video Coding (HEVC) encoder was studied. For the encoding
efficiency, the current HEVC reference software is divided the input image into Coding Tree Unit (CTU). then, it should be
re-divided into CU up to maximum depth in form of quad-tree for RDO (Rate-Distortion Optimization) in encoding precess. But,
it is one of the reason why complexity is high in the encoding precess. In this paper, to reduce the high complexity in the
encoding process, it proposed the method by determining the maximum depth of the CU using a hierarchical clustering at the
pre-processing. The hierarchical clustering results represented an average combination of motion vectors (MV) on neighboring
blocks. Experimental results showed that the proposed method could achieve an average of 16% time saving with minimal BD-rate
loss at 1080p video resolution. When combined the previous fast algorithm, the proposed method could achieve an average 45.13%
time saving with 1.84% BD-rate loss.
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Fig. 1. Example of coding tree structure according to CU depth and size
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Table 2. List of encoder study by using preprocessing

Preprocessing Module

Description

Effect

Scene change detection

Setting the reference list and structure depend on scene change

Coding efficiency and complexity
reduction

Image enhancement filter

Applying the filter for image enhancement at coding picture

Coding efficiency

Estimation block weighting

Estimation of weighted factor for reference blocks by using the
inter/intra prediction

Bit allocation for rate-control

Decision of starting point on ME or MVP (derived ME process)

Motion estimation

Decision of prediction directions (Uni or Bi) on inter prediction mode

Complexity reduction

Prediction of CU split depth with MVs

Prediction of reference picture list

Intra/Inter Prediction

Decision the prediction mode by using the inter/intra prediction result
at the pre-processing

Complexity reduction
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Fig. 2. Block diagram of the proposed method using preprocessing for the fast encoding
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Fig. 3. Block diagram of the proposed preprocessing method
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(a)SPqL 2ol AT =5 7 sl A wEs Al o Zolg AAsks dAlolth olHd HgE Bt A st
Atk 229 69 (a2 A AAeA shte] Az &5 A Aushy, WA, 8X8 A/1E THE 16719 H 4 A
of g AZA £ A%e DEZTH (Dendrogram)©.  BE IFLS AA 3353} gl A ¢ CTUS ths-HTh 4
2 ekl Aotk 14 6] )= A HE= o188t A ATH ZHske FYs) s e & =AA Ue BE
of Fask 5] A Aolg AAshs e Ue Ha AAY 255 HE 4 HEE Ade, ol F
Aok A 25 2] 24 @A= o A 19 69 16704 153} 3ted 7338k AHE AHEskAl "ok :LX@}
(b 2ol ZA st vl gl met thSohs Fost 559 2 @ A3s AEe) s e sl A4 AAE £5 W

Clustering
Cast

64x64 CU
Block
[

Maxi . x .
aximum 32632 CU 3232 CU 32x32 CU 3232 CU
CU split depth: 1 Block Block Block Block

\ \ |
l

3 L]
16x16 CU lex16 CU 1éx16 CU 16x16 CU

i Maximum
Y y Block Block Block Block
L4 CU split depth: 2 o o > >
| |
. . ) ¥ .
Maximum 8x8 CU x8 CU 8x8 CU 8x8 CU
CU split depth: 3 Black Block Block Block
12 3 8 9 1011 4 5 & 7 1213 14 15 Pmpm““'”g

ock
(a) Pre-process: MV Clustering (b) Maximum CU depth decision

T2 6. (a) HEN TS 5 Ze (b) TH HISES 0183 A 22 20| 2
Fig. 6. (a) Result of Hierarchical clustering and (b) Maximum CU depth decision by using clustering cost



586 WEEeE=

16719 24 AAE E5ES 24 HE(X, )& tE%
o7 zh= AAR Zbab, ZF AA7E fEEdd ARE
I*@OE’H 7t A7 3 ve-& AsksiA k. o
5, 74 v&ol 7P 7k AAE shp Foteke i
o2 Hh AAY £F IF s #Hst 23E =St
A Atk o]F, Hol CU Zol& 2
T3 8-S PR o] IS
g} Hdl cu9 £ ZolE A3 ATh
olmf, & =wAMe -3} vlgol uhet 39 o] H o)
Zolg AAsity. F353t 197 64x64 EFCEHE
32x32 E57HA ] ATH F38E FesiH, 28 A M=
64x64 =0 ZXE 16x16, PFA 2 3GHA o A= 64x64 £
EO0RRH 88T EE/A ATH EEste FostE
F gty & =l ol MAe A& Tt o
st A AT E59] A Zo] FEE Y53, ¥
S35t FAlAM = AAE FHolA 2R A £5 2]
£ o]g3}o] s Zolo] U RDOE S 3l 14 F5

32 g,

1

<]

w
Ho
1

of HE(S 0123 HEN PR Wy )

Az

AAE FHAME £19 WEZ o) et

73} 3 (Hierarchical clustering method)!'®1S-

o rfz

M A
o

5,
M
AN AN .
., ', 32
., 16,
", S N
, by
™\ pCUO™, pcu_1 pcu_a pCUS 8
N\ -
N, / >
R \\
pcU_2 pCu_3 pCUE pcu_T
b -
- /‘ s
A ,/
ha pou g pcu_e pCu_12 pCu_1z
/, "
pCuln | BCu 11 pCl_14 pEU_LS
o

@ &2 BX2| 20| SN WH FY

T2l 7. (a) FA ®MA2| 229

Sigl wEf Zao] o, (b) (2) SHY HEIE X, Y BE

A A2l A43, 20169 7€ (JBE Vol. 21, No. 4, July 2016)

Sl Ha AAE E5 A FHsE FPSh ASH
R el FolX oy AE ATHOE Wt
AR ARG FHOE Fol Wie 434 (Bottom-
up) L3 WO EH, B =AM WA gAlA F
2 AAE EF5ES Y] £49 HHE 7HAE AR
7Hgete] ATA #Hs WHS A8, AA-E BF delA
o] FA WHEY e Fotste], E5 8 A5
ARk & =] ASH FH3E oAM= 22
= 78 AR HAEE Hrishr] flste] W A2W
(Average linkage method)E #-&3t512H, o|& 4 (3)3%
2t
1
D(C,C)= d(u,

(C.C) Eeiel ug;gq (u,v) (3)

olm], Ci + 33t ZAMA S i & 9w, [Ci,

Gl 23 0, § o AAFE ns du, vE A4 ush
vel A7) EmE 23 e AP AxE o, DG, G)
= 23 Gigh 24 GOl ARE onan, o)de B 92
4 P9 jo) VA AR F 2Rt BE A7)

Hat s AHS] mEel, AAe] &5 gtelA
A &

559 $59 WHe 248 452 %7}
o AAe BRI Ha QA 25

w8 oX rlo rlf
4y f~ E

(0, 0) X axis
(b) ZE=0] Mo =Y HEY Z1t

Z0IM Eiet of

Fig. 7. (a) Example of trend of motion vectors on the smallest preprocessing block, (b) showing of (a) on the coordinate X, Y axis



[}
V4

9] 291 £AY WHY AZH £HsE 53 HEVC 2 23538 dF 587

(Jeongyun Lim et al.: Study on Fast HEVC Encoding with Hierarchical Motion Vector Clustering)

So] 979 WEE 744 W, X, Y H% FHAIA ) AAE
YepdT 19 79) (@)% 2ol A4 dAE) BE50] A
A5 AT $3 PO $HY WE7} kg A9, of
2 HuE A deh®, 19 79 () 2ol vehd 5
I ol AZH FHIE YA Y, 45402 o

of ek shubel 240l A4H I, G 2 ool

91 2ol 3= a, B7h FASAT. o, 24 49 7
8 A7t 27 g S, 59l 2AE &3 AASe
A Aol7k AA viehbel, 243k A7t AA ehgs
% 39 2 &3 AANGE) Azl Aol Arke 2
Jug % gtk

=

Nl

2R A48 AEH 2% Y B A2
2 olgstel ALY 1Y WEY {2 A
Vg A AL S WFsel TPshe Ee

J&sk3ieh ol e A= M ARE 119 69 ()%
| #X3t @ 4945 =233 (Dendrogram) .2 e}
3tk ol °lX E (Binary tree) St AR RE S
o, WA 7kl A7y 7k A ES WEet, A
AAE shue] AR 7Hgste] WHEH oz bE )
Be Fdste ASH 2k A4S =43
EEdMe oled AFH £Hske] EAS OI%
A3} & AAE &5 gellA e 44

st e, A 259 :r”‘ﬁr ]9“
CUe Ao} 753} Zolg dAste] 1L

odh O o b oF (R puf my X

Ioﬁ—ﬁmlﬂw °
. <]

“”Mmt

J»
l‘l
i o

l

oL
s
flo
o,
N
N
ﬁOL
N
> 2o off
w9t
EN =
jan)
!
T o<
@)
—
a

(Common Test Condition)™
o Ak W) A
3 X8)gk 43> HM 16.02
HM 16. 001] Zqﬁo}&] Jﬂ7}o

10 tio
2t
=
ol
£
B

jar)
R
_0|L
2 of
)
oX Ly

ofr 1o
= >
| ”

8. —V~ b
S
q I
o V‘lj
rlT ;
o
_0|L
rr
O
g

M

rlo
He
X

A

g Mo

ol
ot
el

N
P
(Kl
m
:“_2',
2
£ o

zi
rkﬂ
Rl
1p
-z
fol
L
iy
o
t
92}
i

(Early Skip Decision)¢t Z 333 €] Albsh= 9l

28 S5 PYL vlLay

3 MY 84
Table 3. Experimental environments

CPU Intel (R) Core (TM) i7 CPU 3930K 3.2 GHz
RAM 16.0 GB
(O] Windows 7 Ultimate K (64bit)
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Table 4. Sequence information for performance evaluation

Sequence name | Frame | Frame Bit
Class Resolution count rate depth RA
Kimono 240 | 24fps 8 Main
1920x1080 P
ParkScene .
1920x1080 240 24fps 8 Main
Cactus .
B 1920x1080 500 50fps 8 Main
BQTerrace .
1920x1080 600 60fps 8 Main
BasketballDrive .
1920x1080 500 50fps 8 Main
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I 5. HM 16.0 Cit| H|otsk= 2hol| LSt BD-rate®t £33t £= H|1W
Table 5. BD-rate and Time saving of the proposed method compared
with HM 16.0

Class Sequence BD Rate(%) |[Time Saving (%)
BasketballDrive 2.0 13.92
BQTerrace 11 13.56
B Cactus 25 19.67
Kimono 0.3 14.41
ParkScene 1.4 18.38
Class B average 1.45 15.99
BasketballDrill 3.2 26.27
BQMall 34 26.21
c PartyScene 3.4 27.79
RaceHorses 28 26.11
Class C average 3.2 26.35
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Table 6. Ratio of preprocessing time over total encoding time (QP 22)

Resolution Sequence Preprocessing time ratio (%)

BasketballDrive 2.71

BQTerrace 2.85
Cactus 3.49
Kimono 3.44

1920x1080

ParkScene 3.66

Average 3.36
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Table 7. (a) BD-rate and time saving of the applied ESD on HM 16.0 compared with HM 16.0, (b) BD-rate and time saving of the combination
method of proposed method and ESD method compared with applied ESD on HM 16.0, (c) BD-rate and time saving of the combination of proposed

method and ESD method compared with HM 16.0

(a) (b) (c)
Class Sequence ] ) ) ) ) )
BD Rate(%) Time Saving (%) BD Rate(%) Time Saving (%) BD Rate(%) | Time Saving (%)
BasketballDrive 0.3 31.86 20 12.78 23 42.09
BQTerrace 0.2 40.47 1.4 11.81 1.6 49.17
B Cactus 0.3 32.27 26 15.79 29 44.51
Kimono 0.3 24.96 0.4 20.0 0.6 4212
ParkScene 0.2 28.03 15 24.36 1.7 47.74
Average 0.3 31.52 1.57 16.95 1.84 45.13
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