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Design of HEVC Motion Estimation Engine with
Search Window Data Reuse and Early Termination
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Abstract

In HEVC variable block size motion estimation, same search window data are duplicatedly used in each block
size. It increases memory bandwidth, and it is difficult to exploit early termination. In this paper, largest block size
and its corresponding smaller block sizes with same positions are performed at the same time. It reduces memory
bandwidth and computation by reusing search window data and computation results. In the early termination,
image quality can be degraded when it determines early termination by observing largest block size only, since
smaller block sizes cannot be equally terminated due to their relative positions. So, in this paper, processing order
of early termination is changed to perform smaller block sizes in turns. The designed motion estimation engine
was described in Verilog HDL and it was synthesized and verified in 0.18um process technology. Its gate count
and maximum operating frequency are 36,101 gates and 263.15 MHz, respectively.

Key words: Motion Estimation, Hardware, Architecture, Variable-Size Block, Data Reuse, Early Termination

* School of Electronic Engineering, Soongsil University

% Corresponding author (e-mail: sslee@ssu.ac.kr, tel: 02-820-0692)

% Acknowledgment

“This research was supported by the Basic Science Research Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education, Korea (2014R1A1A2059625).”

Manuscript received Jun. 22, 2016; accepted Aug. 29. 2016

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

(273)



66

. ME

>
g

#H austd HEr o] Gl g
T8t AA Fr el wek At A
HEVC(high efficiency video coding)mi
& EolUAL AMFE Fol7] sl
J(ME: motion estimation)oll 4] 7}

Hi]'v/]\_

o 12 M
I
S L e

A

(SIS
d
o
N

A
9.1.;
_{

N,
oL

ZO
° Ao
=24
=
[¢)

9

ol
T
o

2
S

o
g
o2

o>
o2

Ao e

[

=

i

oo
© o8
p‘L
:‘(_2“

°

filo
ey
=Oé

2o

L2
>
N
N,
2
> ox rE ol o2 -y oL of O off ox

ol
-
A

rE

X
i
e
Ju
W
N

o = 8 & 2 4 O
)

of

2 A w2

TZS(test zone

N Lo

N

=1

op
)

of nlaf wlxe] A

rU

1% o o rf o
i) F ol e ﬁ Y

o o & o o ofn R

2
ROV

o o 32

BN

juiss

2

(o
)
0,

rlr

2o

)

x
ut
A

o

;t

et

ol

22

e

4

et

it

T oo
o X

e
<

> oox M o

R e N
do mo X 2 o

-9,
N
=
olr
ol
oL
A
H
N
wn
ﬂﬂﬂl
jus)

2 o o o
o2

Ll
o M
ol

kd

(274)

j.inst.Korean.electr.electron.eng.Vol.20,No.3,273 ~278,September 2016

32

|
@

—32
— 3 @—+—
| |
SAD;; = Y(@D+@+3+@)
SAD].G,]. =2(®)
SAD].G,Z =>(@)
SADls,s =3(®)
SADg4 = 3 (@)
Fig. 1. Example of data reuse in ME
a2l 1. MEoI A2l ColE AL of
. =7|&5ct 7|HE HE3
S8 F=H SIERO Aot
2 =wodAde a¥ 139 2ol HAS EF A
7] PU(prediction unit)e] ©2S 43 u o 7]
oA Ao Fk AS Y B AH
(search position)¢] 9] &% =7] PUY ©Aq
a2 AMgg o2 A 319 EE Z7] PUE @4
stedeol s Ao AibsFo] HQdhA] &t} of
oA Fa g dolHE AAFEste] HWE
g gegEs aA ¢ F o, sth v A
Ak¢l SAD(sum of absolute differences)®t %%

o] Ao  AFAHS  MVP(motion
predictor) = AAFE3te] St4 vl ANFE A

A =4 5 U

vector

oyl BE E5 A7]e] PUZE 22 1A A
gals Fasla AARE ols BAo] FEoOR
FRHBR Z7Td 7HEs AE89S o HY
9 EE A7V PUZ z7|sdel =A@
FElA sH9 E& A7) PUE 27]sddd =9
3 Agole zrleHs Fdsor A dolof
g2 #Hdetr] oy EAZE T

=, HANY B2 37 PUE 7|+ 2 dA PU
& Z7lsIrIIE ABeode 27sH 7] =
EA dojuA] Aabw A a9t FojEaL, 3§
9l 55 A7] PUE 7| o=2 AA PUE x7|F
SA7 = ASole A9 EE A7) PUZE @4
ST = vl dAHoz gao] @ S3F o



Design of HEVC Motion

Estimation

Engine with Search Window Data 67

Reuse and Early Termination

CICISISIOICICIC)C)
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Fig. 4. Overall block diagram of ME engine
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Tablel. Simulation results of class A
E LA ZHE Mgl A3

Sequence
Algorithm
Traffic | PeopleOnStreet
Required
Original ET Frequency | 627.79 1072.79
TZS |Disable| (MHz)
PSNR(dB) | 37.0493 29.0129
Required
ET Frequency | 222.90 430.60
Disable (MHz)
Proposed PSNR(dB) | 36.9771 28.7982
TZ5 Required
ET Frequency 150.62 311.80
Enable (MHz)
PSNR(dB) | 36.9621 28.7883
Table2. Simulation results of class C
E 2.C ZYx NEHA A3
Sequence
Algorithm
Keiba | 2 | Mobisode?
Horses
Required
Original | ET |Frequency| 11575 | 12326 124.36
TZS |Disable| (MHz)
PSNR(dB) | 33.9672 | 29.6632 | 43.4396
Required
ET |Frequency| 46.74 56.01 53.32
Disable| (MHz)
Proposed PSNR(dB) | 33.8167 | 29.4976 | 43.4292
TZ5 Required
ET |Frequency| 34.53 42.11 41.04
Enable | (MHz)
PSNR(dB) | 33.8081 | 29.4766 | 43.4090
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