9% WEFEE=EA 20119 All6E Als

guk=E-11-16-1-10

T4E ATSC A Aladle A BkGy) Fu 5715 Al A3 A

T 0 v

A9, gz

A Carrier Frequency Synchronization Scheme for modified ATSC Systems
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Abstract

Recently, studies of 3D HDTV broadcasting technology have been processed actively. Korea is making efforts to modify
Advanced Television Systems Committee (ATSC) 8-Vestigial Side Band (8-VSB) systems for terrestrial 3D HDTV broadcasting
services. We intend to adopt a new frame structure to use PN (Pseudo-Noise) sequence as frame header, and VSB modulation. PN
sequence is used to recover carrier freqeuncy offset, carrier phase error. In this paper, we will describe this system as the modified
ATSC systems. The receiver of the modified ATSC system should be able to estimate and recover carrier frequency offset exactly.
A existing ATSC systems inserts pilot to recover carrier frequency offset, on the other hand the modified ATSC systems use PN
sequence to recovery carrier frequency offset without the use of pilot. In this paper, we introduce carrier frequency recovery (CFR)
scheme for the modified ATSC systems. The proposed CFR scheme is composed of coarse CFR scheme using Fitz algorithm and
fine CFR scheme using a simple PN sequence correlation algorithm. And, the symbol information of QAM modulated signal is
contained in both In-phase (I)channel and Quadrature-phase (Q)channel. However the symbol information of VSB modulated signal
is contained in I channel, and Q channel is just Hilbert transform of I channel. For the reason, VSB modulated symbols can not
have fixed phase like QAM modulated symbols, and VSB modulated symbols is more sensitive to carrier frequency offset.
Therefore we perform phase correction of received PN sequence to improve performance.

Keyword : Carrier Frequency Recovery, Carrier Frequency Synchronization, 3D HDTV, ATSC



[
off
i

2L
& A= S =gFolth

Az e 2gat 2 WAle w5 ATSC (Advanced
Television Systems Committee) o4 A3+ 8-VSB
(8-Vestigial Side Band) A|2=8)PMS 30 2 A}g-ala
Atk ATSC 8-VSB A|2282 6MHzY] TV Ad t] G0
A ¢F 19.2Mbps®] Hlo|HE AE & 4 o, ¥ HDE
71202 1920 x 1080(3H4) x 2(TVIEA ) x30(Z 8 &) x
24(RGB) x 0.01(%&5)=2F29.8Mbps A=<] dHloJg A%
&S P97 3h= 3D HDTVE 9sixe A3stA gt
o]& FH317] 91ste] 3D HDTV "<& AR|2E 913 A=
& AFAZE el tigk A7t Es] JeET ok 1 i
T F 3= 7]E9] ATSC 8-VSB A|2=H ¢ 2 H-5.8)
e FAslaL, MR YRS S/ AA A W &9

]

Z) F5AE FA9 Ak FAHAR, EF =2
=]

B 727} A= A, ISI (Inter
Symbol Interference)E BA|8}7] A5 ZH Y 3lie] B

2 AT AT AU IS EAATY
Department of Electronics Engineering, Konkuk University

¥ uAAR : ZAFE (jtkim@konkuk.ac.kr)

# P ATE ANZAR, PEEAGAN 3 FTNY /e v 2
LA ENIAY(EEL) Y P S E. [K1001003561
8, x| A43t 3D HDTVE 9Isk &S FE71% /i

(2010910926 9), 7892010912820 D), A E L2010 1912821 )

o 1 4" ATSC A Alade 93 wisah Fa 5715 AAl0 33 97 97

o P

Z

(Pseudo-Noise) HES AYste] 5 o]
Hj gt B AT AZ A B&
At Bshke A77F JPEH A
=irdA A7E ZEd F2E 7HAE
ATSC A|&dlolzt H27 i,

=
B

TR > S|

b A Jo oy

o 2 [ m
I'UIO _>|"_, N, FU[O
ot WO o
i, [ _lN'

>
4

Frame header
(PN Symbols)

Frame body
(System information and data)

32! 1. $H™E ATSC A|AEIS| of & el 2=
Fig. 1. A frame structure of modified ATSC systems

FHE ATSC Alz=dle 19 19 o] Zy =
(Frame header)®} 2|9 ¥}t (Frame body)7} 45+
Z 9 72 7HE AR d3HM Zy Y=o PN
Qe g3, ZelY el A9 Bt dold
b A B Aol ZAY Ao AR PN
WSS Fube QAf B gkl o) oA B Al F
4, Bold 2} B 5ol A #2223 $4% ATSC
A5l 7] ATSC A 2519] 8-VSB xS a1

Lo ME £8E ATSC AEA2H 28 713

FoNET ok BT OP4S A 71
£ 4

T 3tk Y ATSC A5 A2HS 93 by} Foje
B 342 AR ukEn} ok @A) Ee} vl vk
g FoE QA BRI AEEE RS Addth AR



98 WEFEE=EA 20119 All6E Als

AA ARE8E7] Wzl AE HEI} 59174 (In-phase) A2
3}, A (Quadrature-phase) A'd EFol EglE| o] glo]
FAE 2o gk Mxo] B A glo] wen} Fal
oA} 9 23 Byt rbssitl ey vSB W
o] A% FEnke o] g3lo] WFs] wio] A& PRI} 5
A Adelwt SAstaL, Huepd Ade dA 40" &2
A FHE wgtel] o3 AAFE S ErFs g Alsel
AR gkt g g vSBHZE ASE QAM WZE
ASAH 88 AF3 gdo] EAVEA] FaL, vEu} T3t
Aol B% Rz "k o] ZAIE sids) 771 2%
boF 41 PNAES] oS Ak JAS A
. FA1E PNAIES] S BAgshe AL oA &
2 A|z=Hllol| A 2415 PNATE-S o] 83}e] o]FojzIt}. o
S ol 712 B =AM QAM HixE Alsu
S

R R R

E
o [¢]
SK WEe 2159} 2ol 1A A%} SO o]Folnl
Mg 7h1 Azl TR A8 TRsaae, kst Fa
$71 942 349 A% 942 /KA Qe VSB ¥

7Fs8tAl H

jus)
o >

b
il

H A3oE A

T

1. QAM HiZHrAITL VSB BiZREHAl H 1l

1. QAM (Quadrature Amplitude Modulation)

SESTY

QAM HiEulo] 23} 9PFS FAo] MERA|7I& W

; ; % ;

| | | | | | Iy |

| oo g | | |

T TR S S TS ST SN )

J I I 3 I I

. | | | | I |

© _ 3 & L _l _ &

@ ] ] ] | | I

s | | | | I |

S | | I | | I

[ - I W S i -7 - T

2 I I I I ! I

S | | | | |

(‘?‘;- = -kt -8B -l il ial ik i

1 | | | |

%\ | | | % |

2F - - B B . . il AR |

| ¥ R s | |

| | x| | I x | | |

3 i 1 4 i i -l 4 i

2 -1.5 -1 -0.5 0 0.5 1 15 2
In-phase(l)

(a) 8-VSB HZEEl Algo| YAz

T2 2. 8-VSB 2} 64-QAMS| HAE AiO|

218 AFgE= 222 APK (Amplitude Phase shift Key-
ing)] UFolth QAM RIZ A2 P &S FA
WH3kA 7] 7] wiZel] g FEE7Ee] 7Hdo] Hof, she] 3}
Yol oujste @S oY 71 FEHE vhs = ok AR
256QAM7ZHA] &8l o] A TAE W< AH] 2] Hol
AREE AL It} o] ¥l E 16QAM, 32QAM, 64QAM S°]
gAY W& = ADSL 59 HEEWME FAlAu|2 &

2. VSB (Vestigial Side Band) H17=diA|

AREITY(VSE) WAL OAE P52 s
B7] Sla) Washe PAF] S sl AHgata
o, W} Foirtjele] Aol s EA)3k] uhizel

8-VSB & 16-VSB7} =
7 T 16TAIE HEks}o]
F3le e Audith FFSud Wz FHe
A ARG vis) HuilsAtole] AR2ES7} gle
2 AFEY 71719 $1d A el s

o
flo
N
=)
[t
il
>
ob
o
K=
=
I

a9 29 (@)%} (b)= VSB Hxd"
258 AT ztolE BofFal )itk QAM HEAL ¥t

| | | | | |

| RN A S
el B
%OSF”TQ‘F*’%’*F*"’*’*”’W
2 AT N N
Y F——— - —F - - == === ——
2 o e W W W W ol I
B o5 - - i g W e e
° oW W W M e
o7y TN R W

| | | | | |

1'-51.5 1L —OE 0L o% 1L 1?5

In-phase(l)

(b) 64-QAM BHZEl Al59| MAIE

Fig. 2. A difference between 8-VSB constellation and 64-QAM constellation



AYZ 9] - 74" ATSC A5 A28e AT vkt Fap F71F A0 33 97 99

Suko] FEF 1S FAlol HIAIA ARESE7] ool
a9 29 (b)o} 2ol wEu 2719} 9] o= o]F
o]X 14 H 215 M EE 7HAA HARE VSB HAEAL
Qo] ohd FFe] A7|2N AETF AEEH 93 =
HHFE 2H8-312] oY) wliol 19 29] (a)9} 2o 1A
57 &2 T AES A ok

. Mot=l Eksnt S7| ghAl

1. VSB HiZEl Also| 9{a XM ¢1e|E

19 32 QAM HxH PNAEZ VSB HxE PNAE
7 ]

o F3hs gale] EASRE F 9ok 13A) gL

185 —--~ | it Bt R [t T--T7A
I I I I I
I I I I I
1 =-==-= P A R}
I I I I I
I I I I I
I I I I I

Quadrature-phase(

o
|

|

|

|

|

|
1
|

|

|

|

|

In-phase(l)

(a) o= 2Al0| gl= A2 QAM

Quadrature-phase(Q)

In-phase(l)
(c) 1%8] Fuir SAl0| U= ZP2| QAM

T8 3. FI SM0| ZXfSks ZS QAMT} VSBO| Alstieiel Aol

°]& HoF=a 9t Q

A3l MzEl7) witdl A8 AR FAA A

W9} A BEo] ¥3E o] AN VSB
=

o7 o]ffx 1gH g 7HAA Y=tk 19 39 (o)9F
(@F F3g FAlo] EAsh= 4% PNAES A
35 BoEth 19 39 (ool e AXE QAM ®EH
AEE A A IEE M3 T FA v 9
o] Ml wet YA VRIS E 4157} WSk
VSBRIZH 2w 1% 39 (d)<} Zo] 44 Ao

g
(9]
172}
©
<
>
[
=1
s
o
®
p=}
g
In-phase(l)
(b) FTH SAH0| gl 29l VB
g
o
12}
©
<
@
o
=}
5
o
©
3
(€]

In-phase(l)
(d) 1%2| Fos= SMo| U= B9l VSB

Fig. 3. A difference between QAM constellation and VSB constellation with frequency offset



glo] A A27t HA A5 B & o 3l 18
B2 VSB Wix® F414159] oS RASA ¥ vk
v Fakr g9 2Af B o]8-8)
frsiA =

VSBHZzHE A5 9] deat BAYL Fgo
3= oA S A &AM FAE PNA

52
10 rr

L
> do ox

O
—
& o
o

)

4~ 22 B
o N ofr
rr
R
ol
o 2
oft
gh
£
4
09:',
QL
S
in
&
i
z
Y
m
)

z
=

, - 1 (3 arg(r(@)
2(1) =p(i) X ——=7x ' 777 arsrt
( ) p( ) ‘T(Z)| )

1‘“/_}71':%_,_17... k-1

O:

A7 (i) = 73] RAGE PNAE, p(i
HAH7) ool A1E PNAE, 7(i) = & e 714
Sh= oA A Al=dlol A =21E PNAlE, N& PNA)
=9] i, ke SHE BH A4S Y 28 g
HE Ejo] | ol w2} o] ARl AEA2Hel A o=
& 5 9= AE] it W HER sAE 2E PN
S ARSHA 3 ARl A5 Thsd (k-1)/2+1 ~
N-(k-1)/2-1 3l EA5HE PNAERRS 914 B4 3

Quadrature-phase(Q)

|

0 1
In-phase(l)

(a) 1%2] ZIl4 2M12 712l VSB HZE AlS(EAA)

oA ARESHAl HH, BAE N-(k-1)7]9] A&7k o]
o AR wkel Fulgs QX2 B ") o2
4207)2] AE-S 71 PN £33 6598 7171 EHE
£ o] &3tatha, A29 3270((65-1)/2)¢} mFAEre] 327)
(65-1)2)E A3k 356712] PNAES o83 He A
olth. 94 1A HHS AR VSBHZH N5 IY 49
(b)s} o] vlx] QAM WZH A5 A HolA HH, Al
Heo] A ol 7]HsiAl Hr

ol
-

e M o
a, 9

FRE ATSC A% A9 st Fahg Bga o

Quadrature-phase(Q)

I
I
|
I
I
I,
I
I
Ex I 3
OfF —— — g — — — 4 — — — — — === —r-=-=- _’- - - - -
4 |
I
I.
I
I
|
I
I
i

AN
T
1
1
1
1
N T

In-phase(l)

(b) 1%2] Fil SAMIS JIFl VSB HEEl AS(EXS)

32 4. 1% Fu A 7K VSB HIEE A5 oA 2 MF M4 ol

Fig. 4. A constellation of VSB modulated signal with 1% frequency offset



T 9T

d FE ATSC A% A2RE 93 W9 Fo4 5712 e B9 47 101
Baseband To Carrier
Signal(ix) % Phase Recovery
NCO g;?]”t’r'sl Demux NCO
PH Symbols
Phase
Loop Fitz Coarse Correction of P(N: SeTurgnce
Filter CFO Estimator V5B Modulated - Sgg:;m
Symbol :
J2 5. BIAT RO 27 YA
Fig. 5. Carrier Frequency Recovery Scheme
7hAok Bt} A8 &= tin] 1% o]AFe] Wkl Syl 229 A8 Aala Aotk 7} Ao A] AL W jeo
A8 4 € 9dv dRRTORE Dawaided FIHF 2 E W F3 07, (ke $4E A5 PNA
T YHOE Kay FARF (10, LEW ST (1] 2, wikjsh wim)e 7HEAS, L Ze ol EA1shs
L&RIIZF [12], M&M L3185 [13], Fiz FIEE T g A% o] 22 N& 842 ojn]dit), B =R
o] Atk & =wollMe vt datelE F Fitz ¢agls ZaE A5 0] PNAE (#k)E VSB WZH Ao 94
= AR ST Sl g F AR AES pag 9me=e B 9ate] HAH PN AELS o83}
o 2 SAE tet 2 1=
E 12 Fed wsh o4 04 24 QueFE
1 FOoe SM Y garES
Table 1. The frequency offset estimator algorithm
UT2E 55 emeizel Px Fo% 24 3 A
~ LD 1 )
f= > wik) < argd=(k)x =" (k1))
PN Symbols{ 2(k) } 24 e 27 t
N Sy (k) :‘ e Z f =T = k=1 ) ,
A =l [ A
Kay L W) = 2 ZLD 1-| 2k
e R
wiik)
Where I, isthe numberof PN symbols
wik) 18 weighted factor
PN Symbois( z(1) 3 i [ 1 |L{_‘11.-(k)_g f-(k)k—*(kfl)l-‘;
e 2] e el A R =
L&W where
wik =
(x) k= 6]1((;[2 k)
L(Z-1)




2] 2011 Al6¥ Als

&

PN Symbsis{z(K))
- 2 u |
fe—————args S R(m);
22T(N+D) =)
L&R where
1 b
R(m)= N 2(K)x =" (k—mni)
L—mis
P N
S =3 w(m) < arg§R(m)}
m=|
where
Fitz Ly-1
R(m)= S z(Fy<Z(k=m) (mz=D
k=m
6
wim) = A
NIN+D(2ZN+1)
bt
=N sJ_mn._< k)
. i .,
I = 211'(1:;)- al'g[R(m‘) <R (m—l'):|
where e
I
M&M RS —2 S sERs - )
Ly—mim
w(m]:j_[‘zﬂ_muzﬂ_m+1\—N\zﬂ—N.:|
NEAN —6NL, +3I2-1)
3 69 ()= 7hee v ok 34 4 gag W grElEe] F47Fs M7 78 WAL, M&M, Kay,
£ 4 S A D FPINE AT, D LAR Fin HF £O2 39 7 WA ol
g 62 (b= A8 &5 the] 1%9] ¥k} Fu14 SAlo] 352 Kayo} L&W €a8159] 7% Eb/No #o] &<
EAlste A 7hse T g A dagEsY o} =& w F43 AT 2ol Holal 931, L&R, Fitz,
A EAE BofFa )it L&R, Fitz, M&M 1859 H M&M @i1g|FL duF o st Aol W) ¢
T N2 42 JAH stk F89inks AuEy, WA Wk dadlsE Fol 7P 2 el £ ¢



A

Estimated Carrier Frequency Offset

05 04 03 02 01 0 0.1 0.2 0.3 0.4 0.5
Normalized Carrier Frequency Offset

(a) YL

O3 6. P Ful 2A 2 L1590 s vl

Normalized estimation variance

A 9] - 48 ATSC AF A28 A3 s} Fabg S71F Ao 83 4+ 103

Fig. 6. A comparison of a carrier frequency offset estimator performance

1EL Fiz daYFYS & & 5 Aok

3E 2 3 190X BAFQE, 28 npEko 2 sjego] &
ARG EAE Agto|t). ¥ 29] A wkeyl Fulg
SAS W FAseE Bad ANFS Yeldth 54
AL Kay 412827 L&W LaElZo] 718 AA e
a1, oA E AAke L&W Y EY L&R SaEE
o AA Yetstth. HA ALt L&W garglEo] 71
A1, 0] Kay ¢318]% 12]al L&R, Fitz, M&M &

2. HiSu Foke A =8 2he[E0l of=2of =EY H|w
Table 2. A comparison of hardware complexity of a carrier frequency
offset estimator

Estimator Multiplications Arc-Tangent Operations
Kay 710 355
L&W 710 1

L&R(N=4) 1419 1

Fitz(N=4) 1418 4

M&M(N-4) 1426 4

t}. 713k PNAE B
o] PNAE Alo]<] $4Fx

NEFE AY HIS S BAth F
o] BEAS T3 E%S w Kay®
252 ARt A d5ol
Hojtty #eE ok 18]l L&R, F
2 v s 7Y, BE AE
g 54 F34o| 7k

2 Fitz ¢ 55 A ¥} 3
4 F4 daggew FATH

olgle] W} F3s 0AE 1A

o o] 2 4 9tk

i e R ———— | B S T————
Moo=l Data |

Previous PN Block( 2 Symbols)

O 7. ZIEKE PNAE S A8 galE

Current PN Block( 2. Symbols)

Fig. 7. A simple PN symbols block correlation algorithm

000

1A 2R T34

o) B3 1Y 7

Z2 ol839



5

()

Pprmrious (k)

A7 L= volHY AESFE L= PN HEFE
]/}‘E]—LH:J:’" Pmu'r(%n,t% %ZH

PN A& 25013, P, 0, © ©I
A PN A 555 HEhd

previous —

7 4] PN

E

o}, o WAL ol
B
=

2 E3lo] Fa4:
AL 2N YAl £, 41,2 BAHE 2dY 2
o 953 AnT} WA T §Alo] F BSole §4
F74o] 2% 9 4 9tk 79 89] (@) R PNAE B
£ A duelze W T FPEE U,
(b= A WS Fo BEE ol Qe vA i)

Estimated Carrier Frequency Offset

-2 -1 0 1
Normalized Carrier Frequency Offset x 104

)

(a) ZEHB PN A2 22 LTRIBe] Tk T U9

Carrier frequency recovered
Signal(PN + Data)

FUEE HOFa gk O 8ollM Hojn Az o] 7t
@3 PNAE 22 49 dagEe) 4 oF —1x107! ~
1107 891e) wl) W Foks 03 3o) shsE
o, AR Wn o4 93) B o] 3ol tjFre] Fulge
QA7} AFRAIAL oF —5.9x 10 °7FEe] o5 w A3 F
b @abgto] EASHA HEE obrd FA| glo] ZIekt

PNAE 25 4% QueEe Mg ¥ 4 Yok

W& E577h 2 918 24t
e 2" 9ol v daels
F8l AT ANkl 2 ks A (3)7 2ol

-5.895

o
©

-5.905

-5.91

-5.915

Normalized residual carrier frequency

-5.92
0

Eb/No
(b) 74& BT R =7 3 P2 Ol HT Fais
0l 8. Ol ¥sTH FES A S 2T £ Heleh JiXl BATH R 27 $ U2 oM HsE Fup oF

Fig. 8. Fine frequency offset estimating range and Normalized residual carrier frequency after coarse CFO recovery

Phase error recovered
Signal(PN + Data)

Demux

PN Symbols

=(7)

Ideal received
PN(VSB)

Phase Error
Detector

O 9. 9 9 2T YIRS

Fig. 9. A phase error recovery algorithm



AT 9 © SAH ATSC 5 A28 AF s T4 5715 4

=4

H}. o7 22 PN’;:‘E—% %% QAE Fob] As
A A Al 2=Flol| A g2
QAM Eﬂ;i&ﬂ PNNH—@ 0 &= n94 uAE A %S 7
o, B 7 QA0 o|BE S WHo R 9 oA
T7} 7Fssith 28y oAl M Al2"eA AlE
VSBHZEH PNAE-LS IAHA] ¢4 94 3k 7k, 4
T %o 0914 o ¥HE Blold ks 7HXA "ok 182
2 0 Ee 19 149 I @S /A= 22 PNAES
7IEo 2 Ak, A3)F e BAoE H*‘Ox} H%LE—
YA HW o VO] LA RAHA] ¢

oh aghe ofF A ghoE, Feol He 73%011—5— =27

AN

Al B3 A+ 105

slof agkg 2, 4 3)2) AT waks) FR 9 o
A By @ 5 A Bk

= —Earg{ ) % PNy, (i)} &]
pz—l
Oideal E arg{PNr zdeal( )} (4)
p i=1
é: 91" - eideal (5)

714 9, & QRS Fag 93F B § 441E PNAE
of et ALY, 0.5 1AL A 2l
HPNAES] it AL, ()=

18 PNAE, PN, BPSK |

PNr,ideal}E— 0]/\01-319_] ;ﬁ%: }\]—)—\-Elﬂq]/\

=53 2=
Llaca

Vo

X

=
A" VSBHZE

9}

BER(Bit Error Rate)
1

1 —6—Ideal (Un-coded 64-QAM)
4 —<+— Ideal (Un-coded 8-VSB)
] —— Proposed CFR without Phase Correction (64-QAM) f
1 —H&— Proposed CFR without Phase Correction (8-VSB)
§ —#— Proposed CFR with Phase Correction (8-VSB)

32l 10. BER &5 H|w
Fig. 10. BER performance




106 WEaers)=wA 20114 Al6d Al

&

x 10
5 T T T T T ' ' ' )
! ! ! ! ! —©6— Proposed CFR without Phase Correction
45K-----d-—---- O e et it b : "
: : : : : —<— Proposed CFR with Phase Correction
4 --- LR R LR R L — RS I— RS [N
I I I I I I I I I
35p--Q-- S P R S P R S P R S P R S -
I I I I I I I I I
I I I I I I I I I
3F---- dm————— _————— dm————— _————— dm————— _————— dm————— _————— [ - —
| I I I I I I I I
w I I I I I I I I
» 25F----- AN - —— - I, [ I, [ I, [ I, I, -
= I I I I I I I I I
I I I I I I I I I
] [} ] [} ] [} ] [} ]
e e Gt ity ettt ity Bttt [ [ 1
I I I I I I I
15k - L, - - L LR R LR R U
I I I I I I
I I I I I
Th-%z-- e Al f R bl el B t-—--=- m-——=- t----- —
I I I I I
I I I
0.5F-—----F < e E - e - e — - — - - +-————— -————— - —
I I
0 ‘ 4 — <4 ¢ 4o &<
0 2 4 6 8 10 12 14 16 18 20
Eb/No
RERERES R
Fig. 11. The mean square estimation error
d PNAE-S on|3ith. QAM WxH)e] ¢ o)Azl £ AlEH o)A FUEH 42 31tk a8 108 2ol
AFA 2R 6,5 09 G 7HA HRE, Wl ¥ AT BelFT Atk 8-VSB HEMAS AL Al

0,7 o] gate] S & 4 gk whd, vSB W 64-QAM WA S ARERE Al dis) £ e
Wz AO ohx] AAgEo], o)A sty oA AR WA AESAs W oA Be-ek A
Bugeu R0 00] ORIELZ o] WIS ALgab Hg7el 9 MISE BER Aod 7RINR= IS 89 & 5 3. 9]
Ao 3 Bsl shssih 3L a9 110 AAE vEEuE Fak 24 04 HlwE Fat
of A% BAS MBS wioh 2-A] BkE we] AT

¢

s Aols g & Ytk
I, oAl
ARk WS o]gste] RAP S AAEATh Bojad v, =
B oSl 2 F719h A Elol F7o] thajA
7H3taL, AWGN A stollx] & whga} Al 2Flo] ois) =rolMe #H E0] 5 AL ¢l 3D HDTV A
A ololAith. 47 ATSC A=RIoIA AEd Aoz $18) AekR SE ATSC A28lo] 2§ 7hsE
Hole == (PNA B9} dlolEl7t A& EE ZH ¢ HkE st o Bt o] diste] AlQkatadek Ak
T2Z ol8aqn). TPt 455709 AEE o] Ao AR WEs Fake 93} Br) Fiz g
&

o]Z] PN4555 ARSIl H|oJE] 9] Lol 40964 8= 7HY

o
—

3L, PIA| vkEa Fak 94} E?Toﬂ et
39, WME WA 0 2= 8-VSBS} 64-QAM HHAl ol i)
A Hlfzﬁ} HE /&S St 183 AX vk
1} Fuj B iho A AREE Fitz $ae]Ee) Nge 2

Z
o>
ik
e
s
o2,
o
17
kI
)
[N
rulo
©
Oko
33
% 9
ey
M
>
i_.

2
i

ol M(I: g o gz % ot rfe

Ny R op



A9z 9 F

7 Ade] ARE IHE Wgkste] QA gholl AuA] &

omg PE7 oz olFold 14 v 1A%

Fala 4157 EEYA "k o1F s dsly] Hste o)

Aol $440 A=HoA 408 A5 E ol8F 94 27

BA e A HaL, o] IS Tkl AlxFe] A

e P4 AL F e nad

Fn2d

[1] S=ARFAZIESHESE, hitp://www.tta.or.kr

[2] 3DTV %< ZEAIE, http://www.3dtvkorea.or.kr

[3] ATSC A/53, ATSC digital television standard, Sep. 1995.

[4] ATSC A/54, Guide to the use of the ATSC digital television stand-
ard, Sep. 1995.

[5] £%7F AFH, “A49 3D HDTV A%< 93 ATSC A% A28
o 3 @ FA #G A7 BEFEI] =24, A 158 A 55,
pp.681-696, 2010\ 9.

[6] S AFH, “A%43 3D HDTV A4S 3 48 ATSC A%

AlzEe] T Fxd B A7 BEEEE =7A, A 1549 A

e ATSC A A2de A wsah Fo 5715 Al 39 A7

[10]

[11]

[12]

[13]

VSIS
X of @
- O -
- 20104 © A=t TASeint sty S

Z = H
- 19904 : s=EniEl =@ Sty &Y
- 19934 =S 2R MARY EY
- 19984 : =S |=@l Aty EY
- 19981 ~ 2003 : LGXIA} DTV 074 Zoloitel
- 20034 ~ &Y ; A=cHstD MASEHE Fug

iy - FEMEO} : AMD) LESA 8 214 Y o[5S,

107

6%, pp. 803-813, 20103 11€.

M. P. Fitz, "Further Results in the Fast Estimation of a Single
Frequency," in IEEE Trans. Communications, vol. 42. No. 2/3/4/,
pp. 862-864, Feb./Mar./Apr. 1994.

Alan Barieri and Giulio Colavolpe, "On Pilot-Symbol-Assisted
Carrier Synchronization for DVB-S2 Systems," IEEE Trans.
Broadcasting, vol. 53, No. 3, September 2007.

K. J. Kerpez, "A Comparison of QAM and VSB for Hybrid
Fiber/Coax Digital Transmission," in IEEE Trans. Broadcasting.,
vol. 41, No. 1, pp. 9-16, Mar. 1995.

S. Kay, "A Fast and Accurate Single Frequency Estimator," IEEE
Trans. Acoust., Speech, Signal Processing, ASSP-37, 1987-1990,
Dec. 1989

B. C. Lovell and R. C. Williamson, "The statistical performance of
some instantaneous frequency estimators." IEEE Trans. Acoust.,
Speech, Signal Processing, vol. 40, pp. 1708-1723, July 1992.
M. Luise and R. Reggiannini, "Carrier frequency recovery in
all-digital modems for burst-mode transmissions, " IEEE Trans.
Communications., vol. 43. No. 2/3/4, pp. 1169-1178, Feb./Mar./
Apr. 1995.

M. Morelli and U. Mengali, "Feedforward frequency estimation for
PSK: a tutorial review," European Trans. Telecomm., vol. 9,
pp.103-116, Mar./Apr. 1998.




