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Abstract

In stereoscopic or multi-view three dimensional display systems, the synthesis of intermediate sequences is inevitably needed to
assure look-around capability and continuous motion parallax so that it could enhance comfortable 3D perception. The
quadtree-based disparity estimation is one of the most remarkable methods for synthesis of intermediate sequences due to the
simplicity of its algorithm and hardware implementation. In this paper, we propose two ideas in order to reduce the annoying
flicker at the object boundaries of synthesized intermediate sequences by quadiree-based disparity estimation. First, new
split-scheme provides more consistent quadiree-splitting during the disparity estimation. Secondly, adaptive temporal smoothing
using correlation between present frame and previous one relieves error of disparity estimation. Two proposed ideas are fested by
using several stereoscopic sequences, and the annoying flickering is remarkably reduced by them.
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Fig. 1. System diagram for intermediate view synthesis with proposed two ideas. new split-scheme and adaptive temporal smoothing



ol
of
ok
e
_\%
r-[n
N
)
=
i
RV
©
Y
2
¢}
for

on, HEAFLE OAA D (preprocessing), @ATE 27wt
9] Wol2A-L 3 B-Eujx, @E“‘ﬂ?ﬂ EE9] Fay
, o (dense
disparity

pH A T3 @FT 4 2T 6%
Az d9E & I
1. X2

ZH| | ¥4 (stereoscopic) & BIEIQE dWtbA o2 & o)
o B e olfsld EYdHsw, ¥ o Jnae
54 Atolol| i - GAe] J& W Aol HdAs}
A+ gtk o] EYX e wWolF:A Al o)A X matching
error) & ZAste] AR FUIEY FAS ‘?101551’471] #
o} webd 94 right view) 9] 3% 2 AAS FAAM(left
view) & 71202 HAGo A WHLAE 29U & I
2 =2dAME MPEG-2014 Algtd 7+d Ay ¢z
F2 A ®lolFA wjHAE

g Zolix 3%
ILxy)ol #&94 (xy) HBAM = L BAL tgs}
I, R(xy)ol 94 (xy) FAFIAY I & HAS ghw
g o, BAE 94 IR(xy)S (D)3 7o) E¥H)
I'(x,v)=0p/0p (Lp(x,y) — pp)+u, ()
A7 o8} pe 47 B4k 2 gHaoln)

2 HEER[|Hhe| HOFH

A G o1& FE &SNS ¥
7] faiMe 29 A g HolFAo| & %E}.
-;"Jr*?‘ g A7} tﬁo]ﬂil—_‘_ PN og 2
& FEE
o] 01%3}91 , —VJ*‘?’—-— U"]O}“E} J-82(a)o) A
7} A2 2 Zol(depth planes)d x5

A
2, Ho|FAEE BEo] F EAl9 AA ¢x3igd, 1
£ W EE sav v HelgeZ oixg 4 S
gk 1 O E5E plle MEEE(sub-blocks) 2 &
gyojo} 3tH, £ ¥ 779 MEEEL A HolxA
< AAEA " ol dXYEE ‘ATEN ¥

o2 ole gk B2 ) BE v} shte wolgtos

259

e wuvm AlFA9E ERE 2O

,H ol 3 Zqoii. F43

AR R EA

A B8 ZE ASEH/EN
gttt o714 LB(large block) =

E52E A8, MB(medium

= 717 8x8 34 % 4x4 FA4AE

JI82(b)el 394 EE37]9 o)

16x16 ﬂ' e B
block) ¢} SB(small block)
e £807 Aot

Object 1
5 N B -
T | | Object 2
/
N__|
N AN
=t B

(a)

Large Block (LB) :
16*16 pixels

Medium Block (MB) :
8*8 pixels

46 | 47 | 48 88 | 89 ["w07]

l13%l1307‘1308] 134811349%35(4

< 720*480pixels f frame >

Small Block (SB) :
4*4 pixels

> S\PS

SE3 | SB4 'B7 | SBS

A
SBO+SE10 [ SB13 | SB14

SB11|SB12|SB15 | SB16

(b)
38 2. (a) SHZ ZAOML HEEL| 28 (EEE2 ZAIM 4712
MES=R0=2 28E) (b) H=E2| 889 Ho| (B MB 12/Z SB
Fig. 2. (a) The quadtree splitting at object boundaries. The blocks are
split into 4 sub-blocks at the boundaries of objects. (b) The definitions
of quadtree blocks, LB, MB, and SB.



260 A

Qutdoz BEuHe

[e)
d YAge xE A

S AAE o, FAES WA Tt
ga7l st Hadohrel

absolute difference, MAD)E o|-& &t} LBol| #3t £5
Wy o ”&?4“" L}E}"H“ 2A XS —1() (5l
BRIt LB #3 EE5uiA A(2)2 28 + A
t} &A)uk wo)ER el Eﬂ@_’“(mhomogenelty)% A
of gttty At 2(3)F Zo] Y HNEEFY £5F
e AAst, 4(4)E o]&3std I LB g 5
W3 Az 9& & 9k LBY 4 HERESS A4
MADE Yehlle A3 HA MADE uehle 7;&4 Bl
&, pLg A(5)% Zo] Hosin, Me]FAY BFUYY S
yehle Hx2 ojgatt A(3)~(B)ANM m F n 2
{0, Boith
MAD,fd)= =t 3 3 | L+iytd— @

LBLE = Tonf ey £y AL Jytd)

I (x+j+d,, v+l
] 8- (Em=18- Qgm—1

MADMB""~"’[dk]= H i=8-m =8-n

| 1,Getj, v+ ) )

I p(x+j+d,, v+ |

1 1
MAD,{d)= § ¥ 3 MADy, [d) @

m=

o, = max (MADMBM[dk],MADMB"m [dk],-",MADMB“_”{dk] (5)
"7 min (MADMB(HD, [dk]; MADMB(OV,, [dk]:“‘; MADMB(H, (]

LBel g WelFHe BgdAo] AM 1 EFo] &
gtsjo) zhzkel MBol tha] thA] wWolFAE AAjsjof
s A, oo mg AL A(6)~(9) e JerA
t}. MBe] #g ESujA2 A(6)22 2¥F & Utk
= wolFA el E#FUA (inhomogeneity) & EAl
otz st 2(7)F 2ol 4 HEEFY B
A& AAFA, A(8)E o&3te] 1 MBol tidt £Ev)
A AF}E 9& F Utk MBY v HEEES FHu
MADa Yehd & 7)14 4 MADE Jehi= A9 A

ME 2J(9) e 7ol Aostn, Wo|FA EFUA
2 L‘rEML_ HL g2 o] &3t A(7)~(9A p F g2
ZF {0, Iolth,

£33 9 0 3R FURA TS AT AREGT ol WY

71
MAD gl d,] = 6_14 ;0 ]ZIO [ I (x+j,y+8)— (6)

I x+j+d,, v+l

_ _14-<1Z+:p)714‘(1+q>—1
wol @il = 16 £ /Z:-p

| I;(x+7,y+9)

— I glx+itd,, v+l

1 1
MAD, [ d,] = 71 3

MADg; [d|] (8)

maz (MADg, [d,), MADg; 10,

. MADg (4] (g
Pas min(MADg  [d], MADg; [d;],--,

MADyg ]

MBell t& wlo]24e] Baddol 71X 1 E50] 3
slo} Z4z}ke] SBell thal thA] ®WolF4E AAslok sk
. 479 SBe ¢ o4 ¥HA %oEE 41003
| ESv)ds AAET

my o, mel

O

I(x+7,y+0—

3 3
MADgd)= ¢ 3 g (10)

TR(x+j+dk,}'+ i) I

A(@)~(10)A, 1L
B4 3949 A= DAY FE TeT des
Wolgtel Fusb g A%Foz %EEWWJ«I
WA I dolzk da AN 2ol BAUH o
MADE 22 3 3¢ #3024 238t

Ag4e 9% 2 4% 2w IR

=

£ e 9% rlo
2 Jf do

dq = arg min (MAD [d+]) (11)

LB o34 A3, ii‘@_”ﬂ Zhobr] shte] Wolgt
o] 1 LBE tiE¥ &+ A& Afele LBY Wi Zide
A(4) 2 A< °183 2 OJE}. frAFsHAlL, MBe| Hol
3 A3, EFEAel Fobx shte ®olgte]l 1 MBE
HEF & U 4 MBS WA 2 48) R 4
(1)& o8l ZAs9. SBY W3 A= 4(10) # 4
(11)& olg3) 2430



w285 =22 20043 A9E A3E

FATEHI|N WolFAow VFAY FUIYE HA
7] Sl A BEWES ALSHE Rol BHo|
I Input L8 J
¥

| Block Matching (LB}

261

ot EA9 AAE X3 B2 I ESW WA
%ﬁ“’é“(inhomogenelty)* 2(5) 2 2(9E oL

of #AFch wd pL € pMo] A GAFE Ee

W EBEL ) vdd Ho|ges YR  fle

Unsplit
(Setcufrent LB to ‘07)

| Input MB (fourtimes)

¥

| Block Matching (MB) I

Yes

Splitto four M B
(Setcurrent LB to ‘17)

Unsplit

(Setcusrent MB to ‘07)

! Input LB I
¥
I Block Matching (LB) |

Yeog MAD g< 8,

Yes

1

Splitto four SB
(Setcurrent MB to ‘1)

+

p tonextlB <J———| Block Matching (SB) I<——-| Input B (four times) I

Unsplit No W as the block of
(Setcurrent LB to ‘0’) previous frame split?

Yos Splitto four MB
(Setcurrent LB to ‘1)

Nao

| Input MB (four times) "———‘
L2

| Block Matching (MB) |

MADye< 6,

No

B Puz < Pm < Dg
Y l

Unspilit

(Setcurrent MB to ‘0')

N W as the block of Yes, Splitto four SB
previous fram e split? (Setcurrent MB to ‘1)

¥

J8l 3 ASER) 2ol BEE () HUKIMZE ARBSHs sl

» to nextlB <)————| Block Matching (SB) |<——-| Input SB (four times) |

g, (b) OIERAAUS ARBSHE HioE MEE 22U

Fig. 3. Flow-charts for quadtree splitting. (a) General split-scheme with single-threshold, (b) Proposed new split-scheme  with dual-threshold



A

o) T
Eds

XN
=

—

9 2oz
WS ANl Aok dwHeE T A

2 ZFEY, 9 E50R 234
I
ol vehlen, 1 3

do Y

T EEHe 1493(a) e o

@ Stepl: 21(4)9) A MADLBII 2lAZ4(01) 2ot Zte™ Hsts)
X o, ckg LBE ZAMSICH 1 Qo= Step2e 7t
Ur (0I._ oH 29 A MADJI OIF ZoH 1 &
2 sjue| Holgtez tfxst=a 227t ok —IDI
OIEL)

® Step2: A(5)9] pLo| 2AAHIZ(pS1) Er} XoW T g22 Hes)
A %o, k2 LBE ZAL sict pLol A eS]) 2o
AN 7 |B= 449 MBE E&5l1 Step3e= zic}. (0|
= EELU Ho|IFH SaAMO0| HA otte] Ho|gtez
HES £ o, J 852 Hl9 MEESe= HElst
o 2zt Al AN fHlistozy Yol wo|gt2

stojof st ofnfgict)

2t2to MB(MB1, MB2, MB3 12| MB4)ofl CHal,
@ Step3: A(8) A MADMBI} 2AIZH(82) 2ot =
X %=t 1 9lof= Stepd 2 7}
@ Stepd: Al(9)2} pMo} AAHIZH(pS2) HL} 2o 1 222 F&t
ofx| =r}. pMO| AAIZH(pS2)ECH 3 I MB= 4709
SB= Baist & zb2ko| SBofl tal ChA| mfH2ES 3
st}

o Fatst

QL
)
=
= 1o )LE
offt ou oh“

=2 ¢

gL YL E ol&std JAT F10%F
AFA B Ze7|go] LA HY
AA ZgA M (static video)d] ABS, WEzF F
U GFE taZHolsedor s,
xg 4 E ]°‘°ﬂ XA Zak A, 4
golatr] 2 ZApol AT ZAH EA
7y ol& ‘23171"/“3]3} TR F7HY
AR EAE I ATER A ZH A
Aok stedl, ZEE FHGEEA 9
do] AJHE, T 1 AAE EAE
TEYS WA He, oF S &

o
6 %2 nn
£ 0o
2
AN

o

Flok o rok
il o of

I"JU:?‘J.ZZOZLNE.&"‘JE
lo,

e o
ox oY Wl |» ox d

m[o o alo s

o
M
i of
(&l

g

u

oy

Mool S oo ok 2 of off b i o2
lo
fu [o

o of
z é
_Q,

ol o
.2 oo

M

T
o
2L
(e
o
o
fu
e
3
i)
E
Y
i
jm
ik

o =
£

roh
r:3
o
P
o
o

]
w ® g
& o

o
L, fo o M

I oox
o ok
=)
Y
e
g
o
9,
]

L 3Ae 27948 BHS A8 ASEaN WolRA W

3 ADEY B2Ewy 92 wolRAd IgFg Fof
E3] BAZ AARAA A ZAHE g F
AA Bk IYHBE B =FdME ofF dARE A
L3l NE2E FHTEY EBEUEE Agstd FA48
Z7094e BAE AAR 2AE] A FEARE
Zol1a AT AL NEL LYY E TH3(b)
o Yehl itk

LBoll chsh,

® Stepl: “(4)0“}\1 A MADLB<081 OjH H&lolx| Yo, O
BE ZAlsict 1 9Joll= Step2z 2H}.

® Step?: M(5)0|IA1 pL<pUl O|H R&o}x| ¢ten, O3 IBE U
AlBiCt. of ofi= Step3o= Zict

@ Step3: AI(5)0lA pL=pS1 O] 11 |BE 4749 MBR 2ol
Step52 Zich, 0| o= Stepd= 21t

@ Stepd: A(5)0lA pSI<plL<pUl oj1 O™ =ZyQle| st 5
o 28ie|x| yoirld 2&5ix| ¢u, k3 LBE ZAlst
Ct. 1 9Qol= 11 LBE 4%e] MBE =E&ol1l Stepd 2
2},

2t2to] MB(MBT1, MB2, MB3 12| MB4)ol| Cif3H,

@ Step5: A(8)0llA] =4 MADMB<6? o] 2&toix] e=Ct 1 9
0l= Stepe2= ZH.

@ Step6: Al(9)0A] pM<pU2 OH
Stepl= 7t}

@ Step7 : A(9)0lA pM=pS2 O|H 1 MBE 4719 SB=
0| elofl= Steps= ZiCh.

® Stepd: A{(9M pS2<pM<pU2 0|22 O|H Z9| ol B
O] 25X YACHH 2&tsix] g=rt I <ol= I MB
£ pli9 SBZ gasir}.

Ir

TSI =0k o Yol

S8si).

2 =34 AtE AEE T gy, pSl<
pL<pUl E& pS2<pM<pU2 4w 1 E5F5 £F2
ol =YY Y BFo] BIHAA=A oFo
g AAErh meEd mEA old ZHYY 7
(split history)& #2371 HA8lxe IH3(b)Y A
€ zZe 2HEe sl ois] SH[Ex1350(LBs
x2(L—R, R—L)¢ wWRe §=ko] Q38T 2zt LB
s LB 2=l 4709 MBe 23 AR E 71537 4
A SHIEVL 9837 HEed dEEe oj® LBY
old ZH e BEIAEI} '10100'012E 1 LB7} 4709
MBZE Z&dgoH, 4719 MBZFoA MB2E A 47
o] SBZ 2FHASS guisitt ME2E S A
43 FHEEY7)N WolFgd Wi =M FRE 1

|

Fl

_/

T

1_,o?r‘..
(AR =R

~

w e



WA 8hE] =R 20047 A9A A3E

263

of

$plit History

Previous Frame

Right Frame Split

16X16

Left Frame

8X8

Block Matching
> (16*16)

> d (L>R)

(8*8)

Block Matching [~

4X4

(a'4)

Block Matching

D2l 4 M2 28t AR HcEL| HOIFHER sl=yof 7E (Y
Fig. 4. Hardware structure ofquadtree-based disparity estimation with new spn
is shown in the dashed block

# 4o JeERiATh

O oX o nZ tio _YL rir

z+ EE2(LB) 9 EYUR A4 (dissimilarity coefficient), €&
2(12) & o] &3stE BUAH 74 (dissimilarity estimator)
ZHRE 3 F U 971 e SHER FAstE YA
gasels, Hd 2559 & Aevh A EsA T
(temporal smoothing coefficient), n= 1@5(b) & L)L

ol #EUHS 0188 FSER HOIFEEE HMoll L)

scheme. Quadtree-based disparity estimation with general split-scheme

o] &-3te] AAE=dl, 9714 nmax, Nmin, Elow 17
chight 25 93] A wet AHEAE 438 &
AE Aotk IS ERE A ZHAY AT £
s oold =g dY MG EFY EYXAY (dissimilarity)
3}—% A$-(e<elow), AZHHE3AFE AA nmax7t
o} owte, EA Zg e g B2 opd =l &)
EE9 BYXYo] Z A5(e>chigh), AIZHEE3A
Zhobal nmin®] ©th elow<e<chighd Z-fol= Al
GelAFE BEYAA ST APAHoE AulAdt, 3
T4 # ]“" A8 e 2850 BA

Lo Ay ol it o g Iy R ompu

O, 2 & rlr
2, ek

€=2—;gi=01=0|1“’(x+ Jy+D)=I""(x+j, y+1)| (12)

7t B&d digt Az EsATd A(13) & o] &ste 7t
L2 g g&3td Holgk(smoothed disparity value) ds
E AL F A Bk 18 5(a)ol vehd wis} o) HE
e Wolgh dso the ZHYS 98 dEzgd A
of gt



264 BEE 9 133 TG FAE 9D AEI)NE ol by

Nmax. s Tmin.

Glowljhigh
Left Frame(T)
Dissimilarity € Calculati Disparity Values
-Calculation
Left Frame(T-1) Estimator n of Previous Frame

dq, previous

HlH

e (L—R)
dg, present Wd. =n-d +(1-n) d d,
(L= R) s q, previous q, present (L—R) >
dq,prasam »d =n-d + (1-n) -d _—>d‘
(R-’ L) 8 q, previous q, presant (R—' L)

n.n dq, previous
Right Frame(T) (R—L)
Dissimilarit Disparity Vafues
Right Frame(T-1) V[ En n-Calculation parity
Estimator of Previous Frame

M max. + Mmin.

HlH

Elow s ehigh
)
&
c
(0]
© 1
@
8 N max \ __
(=)
= -
£ :
Q :
[o]
£ !
w i
— L.
T b
S
£ N min,
()]
[ 0
€ low € high  Dissimilarity Coefficient, €
(b)

T35 HMSH MUHES) (a) 22T, (b) ATt AlZITEEpSele] T
Fig. 5. Adaptive temporal smoothing (a) Block diagram, (b) The relationship between dissimilarity coefficient and temporal smoothing coefficient

d, =1 d, i + A=) Ay s (13) of Yehitt 2-6)olA ZHzhe] 4S FHAgA 2 A

e $949 #2277t Jdebdo I¥86(a)d o)A

5. ket 0|M| Bo|M(bidirectional dense disparity FE9 Wolgk(dsh) & W 4stavitt FAEE YL
map)el AbA{ B, 2d6(b)dl FolA 2o Wolgk(dsr) S v 43'2}5:“}

o SHEEE BT 2HE Y402 RE 249 B
FEE TA WP 47 Ag AHE Td6e] Vehl T W2 (1) E TSeok gk Y (1) E “’J%
Aok, AZE7|NY ¥lo|3 U A2H A7y T3l| 9 32 X8 A I Wolgkd 2R FHH olxdolq
3l v 4x4 B uith AL HoltS 1¥6(a) 2 IH6(b) (outlier) 2 k551, vialdolH & A48k7] Aol EA



2] 2004 A9 A3% 265

ok
oy
ojd
_L?(J
_\OL
Hn

_ outliers
a line of right image a line of right image
LI LT LT F 11T Ill | I T LI "\'I l T 7 ¥ T T i T 1.3}
%-4 “d (X X4 x+8
. /’ o \ e M,\gsws) ¥ ’>_ 0 \s,< \'s,( )
T T T717T l T T 1 L I T3 l‘l T 1111 T T T I LTI 11
a line of left image by 2 line of left image
sr'(x'4 sr (X) sr‘(x s((x""s)
d(x-4)/ d (0 o (xhd) \d, (x+8)
I I 1T 1T T 1T 11T 11T 17t 7T 1 1] L L L T 1T 1T 1T T 1717 1T 7T 71T 741
(c)

I 1 1 1T 17 1T T T 1T T F T T 11
v v T v —T
) LR LR s '

L ) Y
C LI I T T T ¥ v T T 11T 1 1]

(e)

CIL i T T Ll L LI T T I LI 1]
b A

AL

A 4
LT 1T T T 7 7 T 7 1T T T 1 T1

(9)

| W O D S O O O SO S S O SO O O |
4 &

25 kMM » »A

S I N PR
' Loy [ % I dhd

[ o Y 1l

r ¥ 99 L i 4 L] A, 4

A
v
t
i

h 4

a line of right image

-~ - M

-
2
'
‘
'
v
)
b A
=

a line of left image

1§ T T T T T T T T 1

(h)

2l 6. Ueist O|M| HHO|YE FMely| I8t 2 (a) Z-F Rl HHO|Y dsl, (b) $-Z 7R H0]Y dsr, (¢} OFREIOII7L MHE
dsl (d) of=elolof7t MHE S-Z HZ HolY dst’, (e) Z- DM HOIH dd, (f) -t DM HOIY ddr, (g) Y2 HAE %*o*%* HOIY db
2| (h) kst ojMl HolY dbd
Fig. 6. Processes for bidirectional dense disparity map. (a) Left-to-right sparse disparity map, (b) Right-to-left sparse disparity map, (¢} Outlier
corrected left-to-right sparse disparity map, (d) Outlier corrected right-to-left sparse disparity map, (e) Left-to-right dense disparity map, (f)
Right-to-left dense disparity map, (g) Bidirectional disparity map after consistency check, and (h) Bidirectional dense disparity map
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Fig. 7. Intermediate view synthesis by interpolation or extrapolation
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Table 1. Properties of test sequences.
Puppy (ETRI) 2002woridaup Crowd (CMU)
(ETR)
No. of test frarmes 10 10 20
Picture size 720480 720"480 640240
Stereo cameratype | Corvergence Convergence Parallel
Carera focus 80nmm 75rmm 95mm
Basdline of camera  § 115mm 250 mm 50rmm
Search range -8 ~ 60 pixels -10 ~ 24 pixels 0 ~ 40 pels
Characteristics of A moving object Some moving object | Alot of moving object
stereoscopic with static with dynarric with nearly staiic
Sequence background background background
Carrera motion Nore Avundant Mnimel
Comelation between | High Low Medium
frames of background
area
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Fig. 8. The PSNR as functions of pS1, pS2, 81 and 62.
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Table 4. The parameters for computer simulation
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elow=5 |
—@—clow=10 |

~{}-glow=15

235)7) o) nmax® 092 ARG,
ERAA WlFHL ) 8T SeetE E 4o
s 498 FRPPL UL 4

2 AMEES Yehidth pUl=pU2=13¢ ©, 7MY} =&
PSNRE uehlls], a3 dntzel 28 (dddA vawes | remark | Copur™ | S | Clomamenit | New Siecname
%}:)‘% /g}__g_—a}_ o H}.Zﬂ %EEE}7]H}. HC}Z\_]’O/] (‘ﬂi}‘\l.%]:oﬂ H] scheme | scheme Adsglr:'\‘/:a'{:i:;oral ;r:;:pl:::lg
o 9 16% Z715t0e) PSNRS 4teS Zejshe) & = SR o N B A -
Ps1: Psz ratio 1.5 1.5 15 1.5
FolME pUl=pU2=13< FL&3HTH
1% 90“ 810W9+ Ehlghq Eﬂi}-oﬂ HZ]—-E— PSNR*—Q‘ 'L}Q—LH% E;:I;r:‘%:sf Linear Linear Linear Linear
E]»_ glow=10 :LE]_T’_ ahigh=20°é @], 7]’%}' l:':_‘g PSNRC’] wii%}z%zgick pixel £1 +1 £1 +1
dojFith A & (over-smoothing) & WAsH7] 13t £
A%, €7b ehigh (=20020 2 ®, nmin°] (o] HES e = =
stk =g IR F4F wolgto] ATHLE AYE C o
B 2 pSt o pS2 off M2 PSNR ¥ oirt2t (01=02=102 w})
Table 2. The PSNR and computational load for the thresholds, pS! and pS2 when 81=862=10.
quadiree fixed 16x16
Pst, P2 13 15 2.0 25 3.0 o
PSNR [dB] 27.155 27174 27.092 26.992 26.928 26.245
Compulational Load [%] 1185 114.7 109.5 106.9 104.9 109.9

3 3 pUl < pU2 O M2 PSNR & 4k2E (pS1=pS2=152 f)

Table 3. The PSNR and computational load for the thresholds, eUl and pU2 when pS1=pS2=15.

Pst, Ps2 15
Put, Puz 1.5 1.4 1.3 1.2
PSNR [dB] 27.174 27183 27.192 27.191
Computational Load [%] 100 100.7 101.6 102.8
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Tth frame
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(c)
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EXoz 29| HAE S7IHAIAM 2H9 Z2|7{200] BASI0] Yellow flower'2t "White flowers'2 HHSIT ;{iA@’)

Fig. 10. Image sequences of PUPPY. (a) Left image sequence, (b) Synthesized intermediate sequence, and (c) Right image sequence. In the
pictures, only the dog-doll is moving actively with static background. In the synthesized intermediate frames of (b), problematic flickering is

observed at the blocks of "Yellow flower' and "White flowers’,
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Tth frame
8th frame
9th frame

(c)
T2 11, 'White flowers'e| EAME Zai|el, (a) Uxel 2EH| ol (b) M22 22 28t (¢) Um0l ZEUHY MEH ARILESE

28 8|1 (4) MES BEUNT HSH AIZILEEE HR5l0] U2 s gAl
Fig. 11. The synthesized frames of "White flowers’ of Fig. 10(b). (a) By general split-scheme, (b) By new split-scheme, (¢) By general split-scheme
with adaptive temporal smoothing, and (d) By new split-scheme with adaptive temporal smoothing. The synthesized frames are enlarged and

contrast-compensated for the visibility
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A e B2 og) dAsen, AZe £ 02 B, vIEAA WM EAZ] B Y&
£ Aestd AARNES € F U Suigth. 18 12(b)ellA vIZZA WellXde E7AHel

19 129 A &ola ] HAs gidL, SE A3 #AFHAT, 189 12(c) ¢ 18 12(d) M e U=
2EE BAE Yelow Flower's YeISIch dubdel & Ajtell F48 FAEC] ZEY vtk A9 Fds 23
T (DL AAD), A2 BTl 9A%), 454 Aol MAEA FES HeFth ¥ 129 AF}ERH

AZWBIHE H4T YA BEPA(RAYAD) 12 PUPPY) Yelow Flowerolde] SeAGe ¥488 4
T ASA ABHYRE AED AL BYUH(IZAA 013 8 wASEom, N BT ol A
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Tth frame
8th frame
9th frame
(a)
32 12 Yellow flower'e| EdE =ai|el, (a) Yutdel ZEURH I3t (b) MES Z&E| 28t AlZHHER S

H28t 32|17 () MRS SPUNY MSH AZLESE Hasi) 9 By gy
Fig. 12. The synthesized frames of 'Yellow flower’ of Fig. 10(b). (a) By general split-scheme, (b) By new split-scheme, (c¢) By general split-scheme

with adaptive temporal smoothing, and (d) By new split-scheme with adaptive temporal smoothing. The synthesized frames are enlarged and
contrast-compensated for the visibility
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Table 5. The PSNR values by using four different methods. T $AE Z7rAAe) QT Hel AdHartifact) & Ss}

Genera New A &< 99137] 915kl CROWDSH WORLDCUP2002

General |  New | spitscheme + ST 2 o)gslol Alsgih CROWDS} WORLDCUPZOOZQ

Split-scheme | Split-scheme | Adaptive Temmral Temporal A" Z7hdabe] W zg e 713 13(a) 2 1Y 13(b)

STOONNE | smoothing o) zzp UbEhein A9HE oboltio}s olo—s}oq aa

ﬁg? 21174 27.192 21,167 21185 CROWDS} WORLDCUP20028] Z7+iALS olzaol Ag
(artifact) ®lo] F4x 5L AN,
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5th frame 6th frame Tth frame

6th frame Tth frame 8th frame

T2 13, BME S7HAAL (a) CROWDS| EHEl Z7H34, (b) WORLDCUP20028| Ml E714
Fig. 13. Synthesized intermediate sequences. (a) Synthesized intermediate seauence of CROWD. (b) Synthesized intermediate sequence of
WORLDCUP2002.

V. dE MY AAZAYY IS BT, ANH B
A%g AL Fae okl Be

DA 339 OaBdold] A4 e AEesde)  TEG Ed FARY Woke FRT 4% IR0 A
Hol2y 0 FVATAO el Avlelieh B Ay WHLE AdE £ QJonE AY

SE,L

3
Ae Aze ATEY 2y 2 FeF Anmgss ) A8 o 99 WolFgo] ayEn
o] &3to] FHTE |ute Wo)2AL o] L3 Z7ATA ANEGold AAZHEH N2 L By 9 HSA A
A e FEAE AT AAAAM E s S BEgsts FA AT W, P e 09N
S U 2242 = YA (intermediate video sequence) & ¥ + JALH, F7F
AFE AgdoldS Fo FAAEY FEL £ 7] o A 4 sudol BREe) F7HE A wE A
dgt FaAYL FAAIEE o], B =EA Atd B 4L 4 5 AN
JFYARE Ze AEE FDPYol adHde ¥Us At ofeltjels A WA e 2EHHL Y2
Atk MZE FTS HEE o), el £E &8 ERE 494 AL o ds 2FHeeH, $4
okt Z71go] AlArE R (computational burden)o] 9F7F 73S Zhe 2HE L GACERE 7094 AT 9
Zy}E)m, olAEH o] REHBE sty Y o7 = oW A A (artifact) = TANINA $FE H
WE27t edn gisich 2822 AokE ofojtjol: e AHH L Gt
FAGHE HolxAd 71Ag FAALL HeH AA L2RY F9EE IL | AE rheEe A
g3te AEFoEN HPT FEOE ZAAE £ i A oteltols HEPL Wk, IE FTAE £



272 AEL 9

A AAAA A= EIAYE A3 AAGAE £
st ol fdstA R HolFAd A% ALz dd
o, O ALY FLIEE 71 A8 Bk A& wo)
FAT F7HEY AN ¥ g ASsLat Ik

|

[1] MH Kim and KH Sohn, "Edge-preserving directional
regularization technique for disparity estimation of stereoscopic
images,” IEEE Trans, Consumer Electronics, vol. 45, no. 3. pp.
804-811, Aug. 1999.

[2] J. Konrad, "View reconstruction for 3-D video entertainment:
issues, algorithms and applications,” Proc. of Int, Conf. on Image
Processing and its Applications, pp. 8-12, July 1999.

[3] A. Mancini and J. Konrad, "Robust quadtree-based disparity
estimation for the reconstruction of intermediate stereoscopic
images,” IS$T/SPIE Symposium on Electronic Imaging
Stereoscopic Displays and Virtual Reality Systems, vol. 3295, pp.
53-64, Jan, 1998,

198811 BSCHSD NAMBIELD} SHAL
- 19904 BSHBHT MBS AlAL
L2014 ~ &y
19915 ~ 199641 : AMAIZED|SR ClA
19975 ~ SR :
- FalE0}

oM =F
S193 ¢ MBI
19984 NSt
L2002 GMICHEIT RIEARS S B8
2~ .A:t HAF) \DAES
- FUAME0L : BAl Y oHiC|e M g

HRiZsm Sl
ARSI AAL

=l

Bl

>

il J

XA

Al
Hol

[4] A, Puri, RV. Kollarits, and B.G. Haskell, "Basics of stereoscopic
video, new compression results with MPEG-2 and a proposal for
MPEG-4," Signal Processing: Image Communication, no. 10, pp.
201-234, 1997.

[5] CL. Pagliai MM. Perez, and TJ. Dennis, "Reconstruction of
intermediate views from stereoscopic images using a rational filter,”
Proc. of IEEE Int. Conf. on Image Processing, vol. 2, pp. 627-631,
Oct. 1998.

[6] JR. Ohm and E. Izquierdo, "An object-based system for
stereoscopic viewpoint synthesis,” IEEE Trans. Circuits Sys. Video
Tech., vol. 7, no. 5, pp. 801-811, Oct. 1997.

[7] MM. Perez, CL. Paglian, and TJ. Dennis, "Stereo-based
intermediate view synthesis with realistic 'look around’ capability,”
Electronic Letters, vol. 34, no. 19, Sep. 1998,

[8] C. Vazquez, J. Konrad, and E, Dubais, "Wavelet-based
reconstruction of irregularly-sampled images: application to stereo
imaging,” Proc. of Int. Conf. on Image Processing vol. 2 pp. 319
- 322 Sept. 2000.

[9] M. B. Slima, J. Konrad, and A. Barwicz, “Improvement of stereo
disparity estimation through balanced filtering: the sliding-block
approach,” IEEE Trans. Circuits and Systems, Video Tech., vol. 7,
no. 6, pp. 913-920, Dec. 1997.

M

: oIN|CHtR X 7|RXpDSID) BHAIRIA

Z3(0] Lab, H2HTH
AMEIHZF) VDAIGE 2l
HC|2 A g2 A7 9 H/W AA|, 3D Video Processing

28

e

L H/W MA



4388 ERA) 20049 A9Y A3E 273

AN A AN
AN
- ClM(CHEt M7 |FRS8t ) AL
- AN FE) VDARRIS HeloiT
FHA20E : 3D Display System
St ef #

11993 BANCHSlm FAZE SA}

-1905 ¢ SAlHSim FARDST Ao

2001 ~ BX|  SIHCHEII F7IRAIZR SAKY
L1905 ~ BIX| : AMTTHF) VDAIRIS Heloie

- ERAIE0F B4l Y HIC|2 R UTAlE o7 U HW A

TRRE

<1977 ¢ HMICHERR MALS Bl &AL

19794 : SR TEEd M| ¥ MAZEE MA

- 19884 : Rensselaer Polytechnic Institute Z8HFA

- 19794 ~ 19844 : SIEEMAIEAINAY Mol

-1988 ~ 199313 : AT&T Bell Lab. Member of Technical Staff
1993 ~ 19954 : SIRFMAEAATH VLG HTAR
19954 ~ BAY : SAMCHEID M7 |MXSET} we

- FEAR0E A Y oH|C|2 B YTR|E AT E H/W AA




