o
sAdsn T8E2 8RN

Fast Motion Estimation Algorithm using Filters of Multiple Thresholds
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Abstract So many fast motion estimation algorithms for prediction quality and computational reduction have been published due to
tremendous computations of full search algorithm. In the paper, we suggest an algorithm that reduces computation effectively, while
keeping prediction quality as almost same as that of the full search. The proposed algorithm based on multiple threshold filter calculates
the sum of partial block matching error for each candidate, selects the candidates for the next step, compares the stability of optimal
candidates with minimum error, removes impossible candidates, and calculates optimal motion vectors by determining the progress of the
next step. By doing that, we can find the minimum error point as soon as possible and obtain the better performance of calculation
speed by reducing unnecessary computations. The proposed algorithm can be combined with conventional fast motion estimation
algorithms as well as by itself, further reduce computation while keeping the prediction quality as almost same as the algorithms, and

prove it in the experimental results.

e Key Words : Motion estimation, Optimal candidate, Video coding, Block matching, Partial block error

Received 15 December 2018, Accepted 30 December 2018

* Corresponding Author Jong-Nam Kim, Dept. of IT Convergence & Applications Engineering, Pukyong National University, 45,
Yongso-ro, Nam-gu, Busan, Korea. E-mail: jnkim1225@gmail.com

- 199 -



el=8etlaxiz|sts| =2 4] M193 M43, 2018.

1. M2
HT 2 REsy)E BYe ol WAlE AzHE
TEAAE AA] AT 24Y ASFHAAN 1 B
A A EE 7 529 oS oA
71820l Mg GAFS: full search) o] 714 7]
Q1 ], ol Fo%1 24 GYox g &

% o F(matching erronE zte $H AHS 2= A
oty HMEH A WHE ¢ o
TH3717F 41 vk 1ol P a3k AjkEko)
A wZol o5 sidstr] fla B ATEC]
=oj stk [11.

25 e 3% §99 A5 NIFEL
%

Prlolth. &4 A 45 WHES oA E A A
Hog o] BH, §AGYe] 7|8 WA 7t
| oo Z)H2][3], TSS(Three Step Search),

DS(Diamond Search), HXS(Hexagonal Search) 52 *
el o mE oy ZW 7B (UESA: unimodal
error surface assumption)”|H[4H7], TBEId=E F4S
ol 83t= AT B8], HIES /FE &% W v

E s, 54T oA 24

_1
tlo
& ol
m0)
o
rlr
Sl
)
i“

o| olo =3+ Hth I A
of dFstde Aspt (e 4]
o= 71E £S5 TR EF9 EEFS 9
A A &are]E(SFA: successive elimination algorithm)[9]
I FAAS E5 delgts o] &3HA ¥al FiE wi
Y-S o]8sk X A|APDE: partial distortion
elimnation) ¥arg]E 9 71 3§ W4 [10-{12] 5o

fo
R
Bl
ol
£
e
N
w1
ro
n\l
>,
]
g)(_:
(o
!
>
XN
12
e
B>
ety
o

< 7o AFE, 7 3R

A m eHE Altehs

FolA mole S AttsaA, T3l 54 231004

B7bsd $EE AATTH
Z

7189 14 2AY dF dadse Mg Aotk
FlAe B =& ¢ dugss 71esid, 42
dMe & =& dagE A vuE 98 43 2

o

gl o] 77
£ 7hste 7hH RS 7EI2103], TSS (Three Step
Search), NTSS(New Three Step Search), DS(Diamond
Search), HXS(Hexagonal Search), <& 3kt ol
noodEdarsky 7 dHTL oeidE g7
(Multi-resolution motion estimation) [8], =% olzf<]
FEAGS o183 #HE7N, A= HE
W, W4 Z2AM 71 T B d7EAH} TEEo
sttt o7IA dige] ALt AEs AsiAe 9 ol
B9 JfES ol&ste] BAHS Adstet], o=
EA AgdAe AAd g4 A

7R Jok A= olHd A

=
3l
she Aol ERHL Jon, ¢ U2 Aee de
A
.

(m

HAEE AR U] 74 AR e sk
o] AL FoluA A dFS FYIT o]
EIEA Sl A

4, BEZIW A B, AAE 9L Tl
y)

o] HHAYEIA] oF= F¢=a W o 2= (SEA: successive
elimination algorithm) [9]¢9} F-& <23+ A|A(PDE:
partial distortion elimination) A< [10]-[12] ¥arg]&o]

- 200 -



o
ol
HO

]
Rl
e
m
i
=2
00
rok
]
IB
o
1A
e
2
¥
ne
k=
iU}
ol

Atk EFA 7N 22 S EZwA Y o
ggbs AN of Ao exe] HCAD: sum of
absolute difference) 7} o] AMgsh=H], ol 2
(D3 2tk PDE olAE 4 2), A QoA EHzol
i E5u deigto]l 7R HA EE wiH
29| #Eg It YA kgt tisiAde ALke &
el 7453 SRHEZ AAsA 98, ymA k
ol dldshs ARMENHE ZolEA "tk o] W

A Fed 9 UmiA Ae Foei 2] £
o), B G oA HA ESuHddHE ¢F A
SEn, o B Y el ol & e WA A
SS9 BRaF AN B Bol 2 ok
N N
SAD(z,y) = ZZ —f,_ Gita, j+y)l
(M
kN
PSADk:ZZ ft('h])_ 9
i=uy=1lf,_ (i+z,j+y) 2)
where k=1,2, --- | N
PSAD, < SADmm, 3
where k=1,2, -+ N
o] AollA, £ ) £ AR B G ) ARA

skagks e, | Gita,j+y)© -1 N 9
& x, jHy)olA BRaghe deERITL o714 PSAD/(‘C‘
WARSANA KAAS R BEa e ol
N i 59 2718 YehlH, SADw ARt Al
Mol Hko] BZo)olE) SAD G Slv)dek
ey o2 FEY dESHES ARTEe
b ABHL AL ek £ oS BHES
Haste] Gl WA 9BE AL Yo
g AT B3 ARE 2AT £
=24 Sl ol AF Lrof =3l o
SHEY a7 AL AZ1E L Aok

1

Ny

i At
ool 1R B

AQ

>

3

B owRo Ak PHe £4 ¢4 A3 Sl
Sain), b TEA WHE olgaie AnE oS
e 4 2ol Jise 54 AT A o
M 4R A% e JHE, $29 d3e s
Fo) PEUEE I ARAA AR £49 MElE

¥-’f
T e
Lok
e
o
S
o}
Hir
rlo
ok
g
o
B
o
rir
.,
oly
Mo
)

o~
QL
N
&
=
nﬂ
C1x
of
=2 12 e
)
2
X oM
£ =2
oo
il
o i

Eﬁ% 74]’\

f
[0
JI
N
SSATS

rum
- &
RIS
K >
~L

Y
ii&
E‘g.{o

o N
Hﬁn&%

=

o ok

>
o m

!

Mo ot

o L dov © oo ore & oA R om} PN g B

-

AollA St BAE FA8t] o B Al
Cl

%
tH
ok

: -'\1
O{N
{o
M
10

o
o
p‘g
2
o\ I
)
=
X
i3
N
I
&
ot
fz
it
g
ol
QE
&

mu SLosE Sk b BN or

lo
v
=)
N
)
>
o
H of
R
e
2
)
r
ot
L)
It
o
£ ne =)
H

i
2
1o
N u.‘o
N
o
I,
o
]
o
=
R )
L4
o
4
2 0
k1
il @ offl H

L
.
iy
rlo
B
B
2
v
it
N
Y

=2
=
=O[=l
>
o dlo
=
1
o
! ™
ot o2
1= ol
tlo
o
™
03;:. et
Of
o=
il
o &
]

- HJ[O
&
30
o
o
o
A
Ho
E <

v
N,
£
M
3
nt
Y
Poorek
R
2
>
i}
b
ot

i(—)l
o
=
N
)
o
il
it
=
)
>,
ol
ﬁéﬂlﬁ
fol
o
2N
ok oy
© f o
S o ooy
ey

I
ofN
r:{_‘

Aol £948 443t

w Pt

> 2

o

rE
offl
2
=
(o
Mot
9
o
i
X
X
oo
P,L
£ oo

>4 o] WL 91 7k A 219 A
E92 Pk A9 g4 TR BE wY o
2] whe} 270e] AEEA B FRAEL Held

1. BASS ANIE T

A BPsR Fuel Ugd AAE Fu, g
oA QYT FHE AP, B PE2e] 2715 NN
ole} & w) NE/IZ whro] saked), ojn 29
WA delE T W B B2 o Tensu)
ol 4 QF AT AN 5 Aok 27] B4 Fu
Aol ek RE B2 e AN, Az o
d AHe Be F Az oy AW 79 e Tn

Aol s Fhe oz BB BE oL Ak,
HAaghe 2 F0 AH O A (DS ol B

solgge ANB 3 WA B uF oY
F SADE A A L 7D 27] FuAo
BE 22 g3 vastel B FRAYE A

|
N
o
—_
|



-

F

Ft
o
m
=
El

HECl A PSADy A

r

@

MINPSADY), maxPSADE, TH_PSADL, TH_PSAD2 2| A

.

Cmin(PSADy EyNo A Z=2F PSAD M4 Qo minPsaDy &2

) 4

S (PSADe e 21 K|== (PSADQ 9K 7w
T — no

g _}r_e_s_ _‘____

CUC_pos ++
—— 7 UCpos==THud?
gy
—— % PSADdxy)>= TH_PSADZ _ —
____mi______

% &yERE H7 artE 38 MY |

=

—— 10 TH_PSADL < PSADKXY) < TH_I P“ST_@Q;::T
= = o

— n
¥es |
\;; YIS HS last priority 220 S2
B

—— T2 TH_PSADL > PSADkxy)
T e no

yes F o

13; ) ZEE = next_check 2|~E0 55

14 k++

———15: k>=TH_step && UC_pos == %H_gg_:?:_—_--b— =i
T e yes

_ﬁﬁ—‘;"
16 min(PSADK (00l SADEY) A4 2 PDE YAE|F HE

¥

17 next_chedk 2| ~Ed 2= Z2E50 Cfs) step 2~ 16 =-2

Z
18; last_priority 2Z[|2~E0 A+ ZEE0 Oz step 2~ 16 ==l

R

— —

-:'_5___ End A

Fig. 1. Procedure of the proposed algorithm
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