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A Design of Symbol Timing Recovery for DVB-RCS
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ABSTRACT

We investigate the design of an interpolation filter of a MF-TDMA demodulator which is applied to DVB-
RCS. If sampling is not synchronized to the data symbols, timing adjustment in digital receiver must be
performed by interpolation. It is impossible that conventional sinc interpolation filter coefficients are actually
extended to infinity. We propose a Kaiser window interpolation filter and a sinc interpolation filter using the
Kaiser window. Simulation results show that the performance improvement is realized by employing the proposed

interpolation filter.
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3D Object Extraction Algorithm Based on Hierarchical Approach
Using Reduced Windowed Fourier Phase
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ABSTRACT

This paper presents a phase-based stereo matching algorithm in order to efficiently extract 3-dimensional
objects from two 2D images. Conventional phase-based methods, especially using windowed Fourier phases,
inherit good properties in the case of hierarchical approaches, because they basically use a multi-resolution phase
map. On the contrary, their computational costs are very heavy. Therefore, a fast hierarchical approach, using
multi-resolution phase-based strategy and reducing the redundancy of phase calculations, is proposed in this paper.
In addition, a structural matching algorithm on the phase domain is adopted to improve the matching quality. In
experimental results, it is shown that the computation loads are considerably reduced about 8 times and stable
outputs are obtained.
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A7k Agshe Fololl 5w glekP

3214l ZolARE FgHow FEdle= MY ol
XAl v Al AJzKstereo vision)S ©]-8-

* 7JBdisla HRIA 7128 yha@ee knu.ac kr),
=EH3F 0 020089-0222, A5} 120024 24 229

#* ¥ A7e Feyadta gread el sty AT7E =yt

* Lo gabedl #3FE] 23 (kphan @ kumoh.ac.kr)
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k= ol e e A7t P QIzke] Azt
Alzdls 2Rl Zleg Mz 2 W(view
pointyelldd Hefxl F- 2] JarozHE] 3341 A
BE Eske % 7S wpde kol
el L. AlZellAe] A2 39 odat Ale]e] o
$-Z(corresponding  point)7ke} A2], & wol(dis-
parity) & Zohll= A ¥matching) Aol 7]|E
o A3 upH2 dAelx BAE FEse] Aist
= B3] y|ub(feature-based method)™®3} uls] 7t
S adiE AMSRe 3% 7)ub(intensity-based
method),” Foppuiglells] 28 gbe ol
$]4F 7]ubH(phase-based method)® So] t)iAo]
ok 54 g = 7 e Al 3
A gke] ARRRE ol83b] wlEe A% 7t
o] Eoh 1EnE o] WRES A%g wolVI
M AZFAL AHEE =43l A4l
ook sl wpge Ve ARY TR
AME37] digell Bo} w2 HAE 2E 5 slvke
o] gIARt Fabr WA AFH F=E

53] ¢3) Hsd Adske s7gd

£ =Edxie AR 4eg =7l 8 AZA
AT 7] 4 AR 7PEE ARSI 71E S
4 71k Fae WdelA e7EE FAEgE At
o] FEAS AAsl AERE Folx Y A%
< ole #A 7k AY whE AXEt =
gl o]¥A FX 32 Zo] ARE el E
Bl #Aelx] Z83d 5 A VRML(virtual
reality markup language)g ©]-&3lo] 3x1%] w42
F@gL 512x512 Aol digh Aol ARt
e 71 A7l wis) AR 111401,
YA SuiAE A dKlen] A HelA
= 3 ZA9E S ik 2o ARRE
o] 3a mdg iR E¥sly) el
B o Qleul o4 21 2o iyt Hxe
Helabgo] glo] o183 4 Qlrh= Aol Ut

il

. F2i0 flam A= F2of AWFP)

1. F2|oll 2jan MHo|S(global shift)

3o % A%, fin),9} o] Al Feld W
AZE Fuw), =z o158 43, fin 7t ke
7E Falg ddol|xe] ofF AlsE

F$(u)= fj; fs(x)e-iZImch = e—jZ;rust(u) (1)

180

= A Aol sheolEel die BAE &
=] 2Rme wue 54 T vel o
FelolAd, P TGN A RS
Hgsi A @2 Eagh

a(x) — eiZnux*f(x)
— fj; f(z.)e/?nv(x -7 dr (2)
— eiZ:ruxF(u) — Ia(x)le argla(x))
A7\ argla(x)] = 2zvx+ arg[F(w)] 2 91735-E0]

Azigic. oloh e wlew oW Azl cla
A A4 theat 7o) Eaech

as(x) _ eivax * fs(X)
— ejZ;rv(xvs) F(u) (3)

=lafx)le ™
8

71 argla(0)] = 2xv(x — s) + arg[F(w)] o1k
A A3} o]5d AlEzke AR A9 Al(3)
Alole] Ak An xje} Zh) anz 9kl

argla(x)] — argla(x)] = 27vs 4)
2 3@ 7| o]FH Wol, 5=

argla(x)] — argla(x)]
27rv

&)

2 A 5 3% AGE 999 (el =34
4 Fop, vk AA S deivkg o153
Bke dYels AR Ejct avjme Fe
o Wl 7+ Fu Aol JAlE A e
AZAF ] AEEE FHAL A3 olsHR,
AE drio] o15% e FHFle ¥E3”

2. WFP2 X|Ho|S(local shift)

A13.2] Holg HBE Azlslr] ¢ A
Al5e] d¥-E FE3EH= Q=S vt Basi
a8 18 9% s f23E A9A030) A
A3 2 Azixle] 7t #5139 o)F ARE Allghe
24 WFP 3lo] Faxle #4e nodFct

x4 727171 Ml A= 8

1 iflx|<M/2

Wy(x) = ©
0 otherwise



i
Ha

[ 7bashE g ool §4e o189 ARE arlwe) 33K A 23 7)Y

ftx) >

V\ moving window
x

3

a7 1. 9=% A WEP7L A4l

i

2w 3 Y9=$ Felol #d(windowed Fourier
kemel)-2

Wx) = Wylx)e? @)

Al (HAF Aosic) a8z Jes9 77], Mol
Z gye] FP7) Hu AT 1Mo Hrk

1% 2% “pentagon” A°gAL 100WH) F HHE
xS =27 M, & A5 F71E SelA R8st
] w#tA 718 Al4kE WEPolt).

petiod(M}

a8 2. AA elA Al WEPQ] Sl(5<M<32).

H. A XA AHFE 71y

321 AAREE 98l Al duElEe A
225 19 33 3

r Input stereo image pair |

v

Calculate windowed Fourier phase
using reduced form

v

IT{ierarchical stereo matching on phase map I

v

[ Refine disparity map |

v

r Mesh rendering with VRML I

v

r Obtain 3D objects l

I 3. AR duelEd A EE=

1. 91 Aol FRY A

I ew Felo] HEke oif(co) Aol A
g e Yaein Aol R 5 geos
FEHZ 2 el un Y5 AFREA 9]
Aol AE S5 e g Felol
He WFP Akl Hgsid dute) 27)7} 29)
A gz Z7kslr) il Ads el
$edsolehs BHE A Erk

oeld BAPS hAs) A Pes B =
e QES 2% A5 AR T
A AY A R A4S S 4 ol
s YT AR AN AAFeEA A
A S8 skt

5 13} 2014 Q=99 2717} 59t 691 B 10
MW 128 A Al 275w, HEgel 2]
7h7baE A AZE AdghE Asiolor Bt

E 1. 4= =Pk 59 o 7 A9 go-UM)

L7y
FTW 1 2 3 4
kernel
cos(2nx/M) 1 0.309 |-0.809 | -0.809 | 0.309
sin(2nx/M) Q 0.951 | 0.587 {-0.587|-0.951

F 2. 9x=% =207 6d of 4 A2 go=1/M)

cos(2nx/M) | 1 | 0500 |-0.500] -1 {-0.500 0.500
sinnx/M) | 0 | 0.866 | 0.866! 0 |-0.866-0.866

de &%, 512 48 12 At =g =2
717} 5ellx] 32742] wsE A9, 7|E WFP AR
S OWFP) = 512 x 2 x (5+6 + 7 + «oueee +
32) = 26521611 dile] F=3)=ic}

cos(x) = cos (27— x), sin(x)=—sin@r—x) 8)

Al (8 A F345 viehin, WFPLAE
A 7 Ade wire] s 7hastEl gAY
2] 7jekAel v]8-2 ORWFP) = 2 X 12 x (5 +
6 + 7 + e + 32) = 518 adilo] zlc). o
714 128 7 A5 7)o A Az ALk
o] Haslrhes Zoloh AMgke] ddile] Pash]
e RS zeEhd =99 =7 Ml Y-
A& A2 At 84 Cve
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Cv = (¥ - ©)

gl FEEch debd, s abAlabe] A
g Hl4-S ORWFP) = 2 X 12 x 2 +2 + 3+
34444+ + 15 + 15) = 238¥ <d4bo)
Fai gt

2. FMiokst HIEX aviet ME

92 A rel AH(peak)d} o x}H(zero-crossing
point)& 97} AlFe] A F(valley)ol] H-g=]7]
ol 7] W3kE adlg ZHEEle gy HE
o gt a3 4= A A5} o)ER A5
WRPE 217} moleh 19 Sk o9 el 2
9 A BAS 3 AS el A Al
78 FRo] Aol YL Jwapolr)

2 A%

37 5. o 49 A el 2 B A @9 Al
z, elsd A%

A He sde ke m okEd ASHe &
e 7R Qirk aElEE B =Rdke 2k 9
7] Wists di#Eshs A= A} SAlA A
& WA Fasta, o)A ARE e A
I RS Fold AE BAE Akl A
ofo} & M2 EASo] WK} o] FAES o]
n] HEE HE Alolol) A wde] #A 9
2 eAF sFeAde] AtAass, 4] A<Kordering

182

constraint) Z71-& WEsHA] ok AR A
A& 1) 117 SA(isolated feature) M)A} 2) g
FH(candidate) 1% HAE AMA 3Pk

!‘[35}4 JL

@
T

L u.iﬁ.@'ﬂﬂ Qﬂmﬁu

a3 6. ¥ 549 W] 9F BAE AAT 94 @4
4 A b)) dAEAS AL 4

1) 2@ S3 FMAH

WFP Al5elld £4& S&3kd 18 5b)el #
FHEolt a9 6()9] 7hedl il ziE 54
o] EaEt, ol7l HEL AYIAAN 2FE &
HA7IEE AA" 33 5AE AAS] 2l
£ =F-ol|lx+ space-efficient 2-pass labelling 4.
25 A3 Ashisel B4 A
=R dolEE FYsta 1 EFe] Hu
HA=TIA] =5 W dlol 8-S AA A

2) Fges d4F 4 I

=T GelARE ke Adkske A=t
9] =27} F7Wlke HAdol stk ol SAR 4
3E AATIE 8<lo] HER2 AFFR AFS
szel] wiebd g =715 HIATIHEA
F&3h a2 A= RN Y, Spe-

Sg=5s5,+ M (10)

2 B3, g7 s A gdake] 7jEAQl sy
doolal ML AES /|E vehick M, &)
Az w3l & 94k Akl AR s dEge] =)
of wehd Ag Fr} olEHe Rl WAE
g 4 gl ¢l B, 7)$source) 9] S
A v A (10)E o] 83l FYdGN Erps}
£ RE Fd(targe) 59 FHEo] AY Fu= A
53 Gaabds AP de SR Sl 3
@A Ee] AEdck

Al (DE o] Y A FRESHE FHAlo
A& 3r] 9 A2l H=(distance measure)o)
o, ¢4 9 HE e 2R zEsEgdd



=2k dxS Feld H4e o438 ASA A A AA & Y

D(s; t;)= min (D,(s; ¢;)+D(s; ) (11
all 5

o714 D} D= B FiollMe] eajel 1 57
o] &%l 9] FkdiAe] LA Zz vehdc
aHez e 28 A FEE FlMd B ¥
ylrl 23k gke] ol 4ot He SAS APHS
2 Adgch 54 Frhlde Lak=

Di(sity) = H(L(s) — Lt} (12)
3 zo] T 7lA de A s Al
A2, Do G4 WY Fd 3k, zeElz L(-)S
Ex9] Zol& A& ol 2129 orl=
B ZEE F 549 o] Ao} 2x F BT
A7} 22 23} 2olziths Zg =g
Ll S S

Di(s;, 1) = {—LZEIfR(x+m y+mn)

—fT(x+ m, y+ n+d)|} (13)

o} o] A U3 o] FALS NxN U=
9 odul2] MAD(mean of absolute differences)S
Ze Zolrk AY] dF9 Ay $HE Addsid o
£} Ak 27 78 ol AAe) B el
o, 2% 7@e eloE FAT ol Hisy
A sk Az BHoltk 29 10l BAdeR £
sl BA4L Bz fARNE BAFD Al
E% Fahllel AerEs AMEHE 3 SAE
olck

38 7. Fu 3394 4 @R PN 59 IR
el Fus

39 ¥R BAEE A (D9 Al iyt &
AR x| wel 3 33 o] A #47) HAH,
FEH o Z Aglo] o]Foixirh
X 4= T )l disle] Aol F39 39 A
Fo] o]F0ix|A] ¢ EAE JAABIITE F 404
F8 ZgaE I dield X Fo=2 AR
FEAS A 43 dood ey AR
28 Hag AU F AYHA At FE A

3%l EAE podec) ¥ 5+ “Pentagon” %A}
RDS(Random Dot Stereogram) 3Alol|lx] Z¥ 9
A 3kae) vEE A7 vpeick a9 82 ¥ =t
gl 24U 5 & Aelck kA A
HE A o] BAY Aot & RS 94 3
AolME 1oghe] 2R AR HA dv YRl
EAEA oA A ARl A #EE A
Fhs oA AFe] MAREEZR 23 ¥7kg A}
43 o] Moz AAE & 9tk

B 3. a8 7o) oaig A Ak

. Matchin,
No. | Candidate |, o aripy F20UC roults | Rank
position type using Eq. (10)

1 -10 ZC 3.4409 4
2 -9 ZC 2.3324 3
3 14 -2 PK 0.0000 1
4 23 9 zC 1.7889 2
5 30 12 yiel 3.7202 5

B 4. 35 Aol s o

fseg.ltl\rncees Matchedmf;,:ttmes in Results

. | Featuref,, .  |Feature Duplica- False

Point type Point type ggrgx matching Depth
5 PK 14 PK (o} 19
7 zc 9 zC 13
11 PK 14 PK 0] 15
17 PK 14 PK o] 10
29 ZC 30 zC 24
31 PK 38 PK 15
33 ZC 42 zc 24
36 PK 44 PK 20
41 ZC 52 zC o 24
43 PK 50 PK 16
44 v/ 52 zC ) 17
49 PK 54 PK 19
51 ZC 52 ZC ¢} 12
53 PK 56 zC ] 14

E 5. AA QM FE o AT 32 g

Duplicated False False
Image Size pixels matched | matched
P pixels rate(%)
RDS [256x256( 8192 4352 6.6
Pantagon|[512 X512| 34304 12288 4.7
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I8 8. 2A4YY BAE @BE 3 OFE 54 04
T F HE S0 de 54 QFY ¥ IE 2
e =53

3. Mesh rendering

AR wHolzRE] 334 2dE A3 3
A Ab-E ALsiddo) IR QIR 4709
A, Vifi, J, dp), Vi (i+1 j, dimy), VG, j+L,
dij1) 2B Vign(+l, j+l, dup) o] 831
Al (1A A Tt b AAE 4 sk

T\=FV;{ij.d;)), Vi Li+ 1,7, di+1,j),
Vil i+1,d;;41)) (14)

Ty=F( Vi Li+ 1,7, div1 ), Vieild i+ 1, d ),
Vi+1.j+1(i+1,j+1s di+1,i+l))

APl F()ye AR ARESeleh A e
E4 Wo] gl el 4 (149¢ Faslel o
4% sk 339 AAE Bg & ek

V. &8 3 1§

ARKE 3348 AARE SPHe) AsEAe sla)
% 9, 109] 128x128 =27]¢] 50% RDS(random
dot stereo gram)®} 512x512 =7]¢] “pentagon” 3
&AMt

RDSel| i3t 2A§h&<] v]w3)7] $13] SSE(sum
of squared error)2} MSE(mean of squared error)&-

784

71202 F 69 AAE Uik o] Axpe o)A
28 F3 FEok Aol v)s] g ¢E 40%
Hx Zoom A w3l 7.6 FHaEgde)

I3 118 ZEFE wWolE VRMLE Xa¥ 34
£ AA A7E ehde], 23 122 d Jaks &
53F 320 vllsoll AAA AR Aeojth

2] 9. 50% RDS(random noise 20%)

a2 10. “Pentagon” %34t

E 6. 50% RDSol oig olskx=lg ¥§’t H=ont
updsl Zokgt upde) A3 x|

ethod Intensity-based The
Error method with proposed
relaxation scheme method
SSE 1375 836
MSE 0.084 0.051

V.48

B =2l ekt 32 AA 2 71 7]
A 7o ARA F2E odR o4
gl WHghl|A] 278 g A FEAS
Aske A wE AXEcE 512%512 77)
GAellA wimd df, 7]&e] WFPS] 914 Ak
AR H14ME 93 AA ARMAZRS: 7.6W) 2
d stk =3 olgkAElE EJIRE Busid
BMAZIHl vlsf 40% A== 28-S 2 &
Ak zBjEE B =Felx] Al Z1He 24
Te3 Aeded e ZAE AN 5 9l
o} o]FA FEH 3381 o] ARE FFE 2 A
eyl oM #4d 4 9lAl VRML(virtual
reality markup language)S- o]83}0] 3x4] w3 &

N

¢f lo 2



1=

= AstE AR Felo 4 o) &8 AZA AT 3A AA & 71

asidck 2 A3 ARE " el #3604 2
2% 2ds AMHon A4 <+ )ik

Aokt 3] A 22 UL WolE s A
g el FHE ol <dvslaly] el 32
EAE ¥k FReke 29t AP A4
sigdvk. zejEE dkf Mol EgAQ) 33%) A
5 o) S8l widE dedlehs 9T o) He
3}k

(@)
a7 11. RDSS As} @o]AelE T I =Mt v
] (b)AIRE whA]

@ ®)
a2l 12, Akt el “pentagon” 3 (2)3%R] mesh,
Mm%l 3= A+
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