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Frame Rate Up-Conversion with Occlusion Detection Function
Nam-Uk Kim”, and Yung-Lyul Lee™
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H A9 &2 (Occlusion detection)®} 7+t ZE|(Median filter) & Z 3§t *HE% A F4 7Nk Zzg Y& HE(Frame rate
up-conversion based on motion estimation) 71&& &/f%th AU F4 &Y WE(Motion vector)E 271 $l3] Fa3ch 1

o
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29 WE gEgo] H& 77k FEES A Lsty, HHAE ddoiE A9 WEY dA&Fe|y ANFETF =oHE BDMC
(Bi-Directional Motion Compensated interpolation)& &-&3t 7 as At ek 249 ¥EHE AM-8s BDMCE <3
d HEY AR NHLTt 525 E & 45 deth AFAFAA AN gaFFe] 71EY WHET o U2 A5 Ae
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Abstract

A new technology on video frame rate up-conversion (FRUC) is presented by combining the median filter and motion
estimation (ME) with an occlusion detection (OD) method. First, ME is performed to have a motion vector. Then, the OD method
is used to refine motion vector in the occlusion region. Since the wrong motion vector can be obtained with high possibility in
the occluded area, a median filtering that less depends on the motion vector is applied to that area, and since the motion vector is
continuous and robust in the non-occluded area, BDMC(Bi-Directional Motion Compensated interpolation) is applied to obtain
interpolated image in that area. BDMC using the bi-directional motion vectors achieves good results when continuity and
robustness of the motion vector is higher. Experimental results show that the proposed algorithm provides better performance than
the conventional approach. The average gain of PSNR (Peak Signal to Noise Ratio) is approximately 0.16 dB in the test sequences
compared with BDMC.

Keyword: frame rate up-conversion, motion estimation, median filter, occlusion detection

a) AlE g 3382 DMSHT4(Digital Media System Lab.)
% Corresponding Author : ©]9 3 (Yung-Lyul Lee)
E-mail: yllee@sejong.ac.kr
Tel: +82-2-3408-3753
ORCID: http://orcid.org/0000-0003-2709-8282
o] 2 20129E A (AFHNe)Y AR S5AF AT Adg ol £ AFU(No. 20120181).
- Manuscript received December 16, 2014; revised March 3, 2015; accepted March 19, 2015.



266 Wass)=wA #2034 #1235, 20159 3¥€ (JBE Vol 20, No. 2, March 2015)

.M E

Z<: UHD "2Zd o9 gstet 594 2EHS
ARS8 Eubd AREARY] SR Qs B Fe] AA
Z71813 ek UHDGAHS LCDU A Zg|olol| A Ak §lo]
A&7 sl A= 120hzo) 2] ZH Q&S 7Aook dh}
A TF oo} e xH &5 2] S E =2 Y E
o] 7 E = AAHOZ Bl Eg e =y
zZ¥ = Hjo] F7H4Ql Holy glo] =2
2 W3sle 7o) Q7 H Buld AE

E

A HgFo g Q3 52

o

[H
o)

B o

ok
o,

l

4

M

10 o8
2

ox

=
>,
ob
N
Ao
:oé
>
rr
Hir
rlo
[kl
o,
o
o
fu
[ e
QL
N
iy o
(o]
g o

N

-

>
>
-
o o

o
Iv)
[=
&
fale
o
B
o
rlo
re
m
e
—t
=
o\ Lo
2

Y me e
Mo i ko X % to o

o of e
ox
1o

L
[o rit
17
o,
0,
o
r o
jinss
EL
s
[H
&
oo,
g e
[o

oX,
il
o\
N
>
N
|
~
0y
o
<

|
@
B
ok
1
R
A

U

VA WFE TR Y
o o) Abole] F7F Zg)
W2 ARG Biste] Bibehs
He ANEESL w2 g o] B
3 A9 JEh oE e $19 By Ty
(Motion compensated Frame Rate Up Conversion)[4]'[11]
2 49 F4(Motion Estimation)>} 2 HA
(Motion Compensated Interpolation)

O
=
Bk el $A9 24 249

~N
==

(K oz Mo
it
rlo
ro
X

o
aics
|
fr

r

xe
to
o
% o

4T ot

ok

0g TE

oX, —

<5

X 7

rlr %

o —_
* 1 )

B X
ol X o e g o |

L e

4
9 HEE o 88l $HY B HS Fol F7 YL

ox o

g

FAY B ZAdE ] e A FE% &
A Bge] Aol Sk dutHo R SAYd By
TP Wa> @ 4 MEHES AH RO o
ool & Z Yol AY B ZE g HeS A48T
5 @A) Ze A AR o1 ZH AT shE Al
gote] £5 @R vhr § OE Zeldoze) A
EEg &350 net et 1 & AdE 4 EE
olgstel BibE T A BAHITE AT ol A

rlo
T
o
ri

(overlaps)©] 2 s EA 7 ek o2 ZAE ¢l

7] 918t} ek £ 9 WEE ARS-3H= BDMC W2 o]
AL QHW, o] e A7k o7 e F Z Y AL
ol H7be o] ARE ZHAS EF HHE UFL
7}7ke] BEol 7 Y] 244 HEE et 74+ 1F
gz do g A WEE AT Iy AdE
A WEHE waA B2k g4 grEe] 5 <t A%
Hojok 72t7he] FA WHES Y Ad 4
(Bi-directional motion estimation) & 7.8 &S AHE3le] &
A APl s ut o] wrHe 227 #AK(blocking arti-

A=)
1=

fact)o] WA} £29) BB So] FAE JoloA 34
A9 Ak s wol AT A NE 8
o o4 Zelgowel $249 34 5 & 7] ool $Ha)
2| Al Ho} B7ro] AR SYs|o AR Al B oje]
& 2AZ 9357] 98 BDMCS 21t ZHLS 54
g9 Aol Ha 2907 s Az $H F
o

1=

274 AR WA E o

=
W o
i

ﬂJlO Mz
N
rp
1o,
m2
Fd
ACh
O}
e
% jul
5

oM T Al d S
4

A B Ty s W 589 #4249 B
4 B PO E QYA AU FHL A 57 4
Z E5 Ao]ol| A 2] SAD(Sum of absolute difference)ft-<
HAE e £ WE FHF Abolox] HMe] e F
7] Sl 5710 S8 FAS gk SRR #H A ool
A w4Y AEHES FEA0] oA 7] wEel EEF
ol AT = Uk HA Y9 FE FHole A
7AA 99s wet DS e olde g e84
HH o e AR FAL A2 FHY HE wGEH
Zpol & HolAl Hrh olH gk Fiel 7]Qlste] #HA P A
+ A9 WEES NAdske e ARtk AljtEE W



A 919 ANGdg"A 715E e Zads ug 267

(Nam-Uk Kim et al.: Frame Rate Up-Conversion with Occlusion Detection Function)

U2 AN GAGAZ A g o] AEoha F05k 2H
P A&H3 1¥A grid BDMCE A&t

1. BDMC

BDMCE 2719] $219) el AHgstel 39 WS
3= wolth. 19 1€ 257]4 BDMC Z2A2S 1
ojZth 249 ZelQ) Abolo] H7kE Ze|edol E7kxe )
fIP 7 ek o] F7TYYS B o
BEoin A% QBN ZelPore] £1Y ¥
HE ALe LAY AdRe 44 SR o

ug ?7“1.31]01 oz _'_13 %;ﬂ%} HHHE 74])\].& }\7].

h bl
E} IHERE QEFE 2YjlY F %(collocated block)

[e]
=2 =

é rXL
Ho
fru
o =
—{F
o 9
N
E
o,

rui-

B
ozvH 9% xaYez £49 HE 79 F 47 12
4128 0ol D5 SEF TA0RS 19 W
HE AR 1 ¥ 259 WHE olgstel £19 By

& #9841

BDMC={f,_,(x+MV,/2 , y+MV,/2)+
fla—Mv.j2 ., y—Mv/2)} /2 (W

o
i
rics
o
o
2
>
-y
>
i
o
i
ales
1=
vl
il
rlo
3l
rln
iz
i
&

T3 1. YU 2N B TEAA

29 BAE Az A9 B glo] Bike A gk

T 4 3= 9tk A9 WE e Fedo] A HolA|
= FwollA S 2EE S Aedtd BEEY A
A E4Y F Atk T e A4 S0 29
(Static Median Filtering)? %24 %7t 2 E & (Dynamic
Median Filtering)©] Ath. 82 70k SEEH S 2(2)% 2
o] LEE AF] LY oA AU BAe] HA &

ZAzk 0)E FEE F513 BDMCRHE FRIAAE H5}

o 37HA] TR T Fhke AdEsith
valuel = f,_, (z,y)
value2 = f,(z,y)

value3={f, (x+MV,/2 , y+MV,/2)+ (2)
fle=MV, /2, y—MV,/2)}/2

fIP(x,y):median(valuel, value2, value3)
4ol A7t

= A
T HAR 53 F% gH %‘(Dynarmc median filtering)
= 2(3)% 2ol LEZH AFZYJOEREH $HY B

fie fi

Fig 1. BDMC(Bi-directional motion compensation) process
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Fig 3. Example of Occlusion detection

3 BAZ Fol7] fstel AM eIk WS AR,
Q12e] $49] WEE EAelo] &40l WolAe RE
A or gxste] AU B B FF F3)
YEE AHgATh AM0) ohd ol BDMCE AH-
dit. Arehe AN RA dFe] £AEE T
29} 2t}
[My.x — Left Moyl > T or
[Mv.y— Above Mu.y| >
Yes No
4 %k 24 BDMC
72l 2. HAYIlER YmalE
Fig 2. occlusion detection algorithm
T=IT,—1T)
T, = |Above Mv.x + Le ft Mv.x| (4)

T, = |Above Mv.y + Le ft Mu.y|

MVE 223 WEE W8t LeftMv et Above My

(-1.-4)

(-4,-4) (2,-4)

T,=|-4-1=5 T, =|-4—4|=8
T=|T,—T,|=3
|Mv.x — LeftMv.x| =6 >T
|Mv.y — AboveMv.y| =0 % T




(Nam-Uk Kim et al.:

N
I~
N
I~

MV 91£E5] MVE 91|
2}2] A A|(Threshold) 7

& WEl S} 2fol 7t S5
7F £olE0] HAG Aol 2 gEo] TS sidith

o & g
H

2

AR AE 9 36 AT

P2IYL AN G Io] ohd Hgolw QX IYL o4
GQl Aot A4 BEL WY s BEolx
HNBEL 747 FY 953 9% A Yx BF
oltk. A eele) ol A= A%} 9le) £ el
FAFelTh AT o] A E AgE 9%} 9%
A <luE o} Aol ey,

m. dg 23 24
1. Mg =A

R7HE 73 st tigh 3 7h= PSNR(Peak Signal to
Noise Ratio)Z AlAH}A T},

H 2. PSNR H|m Z=zt
Table 2. Comparison of PSNR results

o]

el s Bl s fs &

gl

AdE 91 dA9%

\!:“/_\H JAErz] 7=

0o

se AT Zdde W 269

Frame Rate Up-Conversion with Occlusion Detection Function)

HZAE A FAEL 2207 0)

—2 1 O

Atk HAE AAAse) =

(o}
|9 &2 20~60hz 0] Y&
d

o sl 749

[

1S4t o] &l H7H

e A2t A4 =3 PSNR Mg ehch A
79 @ 2ok ¥ 13} 2ok
T 1OAE =A
Table 1. Experimental conditions
share g2 et
2560x1600(WQXGA)
64x64 =Ml
1920x1080(FHD)
1280x720(WXGA) +32 =M
1024x768(XGA) 32x32 Tl
832x480(WVGA)
416x240(WQVGA) 16x16 ZAl +16 Tl

2. Mg #3}

Sequence Resolution Frames F.Rate DMF BDMC SMF Proposed
PeopIeOrTStreet WQXGA 150 30 26.74 26.30 26.85 26.68
Traffic 150 30 36.34 36.35 33.46 36.53
ParkScene 240 24 34.05 34.32 32.04 34.44
Kimono 240 24 35.40 35.54 33.08 35.69
Cactus FHD 500 50 31.63 31.39 30.37 31.76
BasketballDrive 500 50 29.61 29.65 27.43 29.81
BQTerrace 600 60 32.52 32.82 29.61 32.91
FourPeople 600 60 40.44 40.22 40.14 40.45
Johnny WXGA 600 60 41.88 41.82 42.00 41.89
KristenAndSara 600 60 41.29 41.26 41.01 41.40
BasketballDrill 500 50 28.26 28.08 27.57 28.36
BQMall 600 60 31.79 32.23 28.32 32.40
PartyScene WVGA 500 50 31.40 30.84 31.28 31.29
RaceHorsesC 300 30 24.72 24.64 23.50 24.79
BasketballDrill Text 500 50 28.35 28.11 25.91 28.44
BasketballPass 500 50 28.96 28.72 27.73 29.08
BQSquare 600 60 34.11 34.37 34.66 34.67

- WQVGA

BlowingBubbles 500 50 33.67 33.29 33.43 33.55
RaceHorses 300 30 28.04 28.09 25.49 28.33
ChinaSpeed XGA 500 30 27.26 26.73 26.89 27.14
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