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EH0Ms CIX[ 8 HMuE Alale| THRAE channel £ 12 7|SEAME 22U C|X| Y DBSE 71E2
2 HYSIRACL Channelf= channel coding® modulation 7|5& $&EIC} Channel coding Reed Solomon
code, interleaving, convolutional code® & 5t0{ A3, modulation® QPSKS} raised cosine pulse shaping
£ 8o} F=A17[2] channel® & antenna, LNB, tuner, QPSK %X 7|, Viterbi, deinterleaver, RS decoder® FA &
o{UCk

I.M 2 36,000 km, 574 11650l A&l 2|4l A AR

AEE FASE 715 2ok 2 AL 12709 B4

AAEole vty A FAsERE & | FA7IS 37 B8 ZAVE stz
Hog wEFNEE 349 SA7E S Ay (E1)[1]. B8 FA7]= fixed satellite(FS)2} B2
Fohe walA s weid Haviee wdg 4y Y] bandwidth £ 36 MHz, 2382 14w ojv =& TV
o] <levtel algxl o] MA g 2 H54lo] 7ea BE @ AAAE FA ALEEHTE BE R FAYE
A de 2gsEa sl NS 2 Qwd broadcasting satellite(BS)8} H 2™ bandwidthe 27
o nla) e FHoR e WH wAd 4y MHz o] 1 2382 [20W= i & 7 ufSof $]A4] 0]
BEo] Zhgstd, A  H A ol el W ghost Y-S A Eol 7hEdie) ol ohzk-e 1A WE-S DBS(Di-
Y & Jrh G o2 = Aol Brlgsln, ¥ rect Broadcasting Service) 2t 3}m, 19963 %€ digital
L ML SR e Bl Heske, Ma 9 WAooz A Agelth da) FolME ojn] o
A7} @A sle Holth 9] NHK S} £F9 STAT-TV 4% 4o] $alsln
FAE A A A HH o st FF Y Ae=d °]EL TF analog 4 o]t} Digital DBSE
do] 19953l WALAE RF a9 AL FoAdH o 943 5E] 139 DirerTVARI A A gH oz A3
H g BzAgdoR ot o] AHEL HeAF I 0o, {FyolA= DVB #23& A st #2323
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o g F#8lF s 19t} Digital DBSE digital & 71E
& AR Fhvte] FAIZIR 40180 TV A E
FAlo W48 4= Q=4 analog DBSE 3 A 71

ahte] TV Aseh g Es Aok Sl 9 dEEe
TAL FXFAFHNA LG BAGA I H elshod
g st ct[2].

278 M e A LE HA system B F35 Gl
Baf A LR3I, 33 A channel coding, 47801 4]
+= modulation#} down link budgeroll sl 43 3154t}
5o M £ AT ZF BEe] 7] Fo] o
A st

ELPEsadel A 2 qus

e B3 T894 (KOREASAT)
45 A9 s 53 94
=& 600 Kg (%)
7] 173.6 X 142 X 195 cm
54 k1049
F g Ku Band (14/12 GHz)
%9 120W (-4-8-) 37], 14w (ZA18) 127]
I ] A H ¢4 (DBS)
#” A
Ht] @ FA

I.lyuse) 71 & Fop s

1. yagse 74

Digital DBs®l ZA 3xEo g A Ust,
TV 4135 Digital TV 2132 ¥ 455 Aoz
A48 $A1 7] (BEncoder & Transmitter), 55 27t
AN HEE FAFE FE3A AL FAVN(Te-
ansponder), $1/d0.2HE ZAH A3 E Folste] &
3.3}8ke= 4721 7] (Integrated Receiver & Decoder) 2
ol etk 1),

F271= 1% 2919} 9] video, audio L2} il
data A5 & MPEG-2 7t wet digial 2132
%, AZFF packer stream & 2 A 3L §1Lte] digital-
TV A& streamE THETE 79 digital-TV 41 &
stream 5 Transport Multiplexerol] A T} 8t5] o] Te-
ansport Stream(TS) packet®. 2 ¥# ¥ channel encoder
2 HUY Rk TS packer 188 Bytes @ 9lold, 5
data rate (Ru) = 2F 34 Mbps o]t}

Channel encoderdl A& HEA BASEE error® H
A 3l7] 93t channel codingS 311 coding® &&=
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Aoz AEH 7] 93t modulation FEHE A XA
Hr}[2,3,4]. Channel encoder® KU Z TS packers &
U2 energy dispersal IHF A random data stream ©.
2 Hadyh U&al, noise} interferenceoll 2] 3 data
#o]7] #3ld concatenated convolutional and
A% channelol] A w4l
ISI(inter symbol interference)& F]7] 2|l
shaping® §th Modulation 4] QPSKE A}
o 71 ol A4 EA719 power7} A 3HE o
-
= up-converter] A Ku-band
(14GHz) WA O2 converting® F HPA(high power
amplifer )| A Z8-38] ZH-5lo] A UE %3 9
/‘5‘ <=3 ul-*}.g] v}
A4 & 7 (transponder) o M &= 14 GHz9 A5 &
Aste] ZE5E 12 GHE W3ksle] Aoz )
A& o] A F 3= 7 & antennaol] 7415 o] LNB
A FEHT IGHz A3 2 HEH ]| cabled %3
wner® R AT Tunerdll M AMelgl A3 = QPSK
demodulation¥] ] FEC decodero 4] A 4 error7t B A
® ¥ derandomize®] ] MPEG-2 TS packet 2 & 215l
Z MPEG-2 decoderol] A video, audio, data 213 & de-
coding €l t}.

error &
Reed-Solomon coding s &},
3l
pulse
&3t
L@ spectrum KU}

7] wjFolth WaE Al

power efficiency 7}

2 o

z Fu% ge

Transpondero| A A}8-8}+= carcier b2 &gh-o
1ITUS] 9140 AMH) 2 Al 3B WARC-77) o)) w& ) ITU
XM= MAE 34 Ador pREl ALE Falbs

We-g NAPer o, -2 Region 30| 43t
11.7~122 GHz tho] & &5 AH5]. A8 F34
F B3 2u) s wo] 7198 B9 EF channel 0]
Mz thE& Wil (polarization) @] carrier® AM &3t} B
Mg el A9 500 MHz S veb H A0tE A}
23} 36 MHz channel 247} & AF&3tc}, 9b49 4 o)

Age

RHCP(right handed circularly polarization ) 2}
LHCP(left handed)& A}8-5FH, 2} channel2] o) &%
2 27 MHzol®, 2134 & W3} channeld} 192
MHz, $Y 3} channel ¥H= 38.4 MHz Hol#] Ax =
&led 27 MHz channel & ﬂ‘iﬂ 247 7HA] AR EEE
talct el & FAV £ o FAlv] Y
channel®ll & & + U= HHFL CCI(Co Chan-
nel Interference)s= —31 dB ©]3}, ACl(adjacent CI)+=
—15 dB ol&t=2 FAs At FF3AAL 117~
12.0 GHz2| 300MHz  9-& AH8-3}0], b=l ¥dd
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v MPEG-2

Signal ___ | Encoder

FEC

Encoder

4PSK

Modulatot & )

(Encoder & Transmitter)

Satellite
Transponder
(Integrated Receiver & Decoder) l
I - PSK
N | | MPEG-2 FEC L QPSK | | Tuner LNB ._k>;i?
»lghal IDecoder Decoder Demod
12! 1. Digital DBS System A &
_| Video
Coder
Audio || Pres e BEC .
- Cod ] gram i I X
B MUX ' ‘ ;
N, R ! Conv. | pul
Data fran Energy |, |Outer o Inner | v QPSK
7 Coder T' sport Dispersal | | Cod e | e I
1 MUX P , oder leaver Coder . ing Mod
: | j 1 N

L

MPEG-2 Source Encoding
& Multiplexing

Satellite Channel Encoder

channel<-
o LHCPE

8 2. F417] System Block %

>- 2,4, 6, 8, 10, 12(11.74666-11.93846 GHz) o}
Alggte}, AR -2 Z4 channel®l 1, 3, 5,

7.9, 11, 13, I5(RHCP) & AH&&r) g3t d o] +

21438 channel 2, 6, 128 B Z94 & channel 2, 8, 10
& AFE5Ho] 2Tk 570 channel7ba) A3 ASoILH 1]

lll. channel Coding

Channel = channel coding® modulation part & -t
Ad=lo] 2dth Channel coding data HHA] RS er-

rorE WA 3 7] 98t FEC(forward error correction)

b S AR}, FECE danns

redundancy bits9} ¥
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o gy Faldo] M error de-
g A= ) FECH in-

ner code 5 A convolutional code, outer code EA] Reed-

Al encodingdle] M 49
O

tection " correction$

Solomon coded e 3L “1A}o] o) convolutional in-
terleaving S 8F47  concatenated coding§  ARE3HC},
Modulation -3~ data randomizer(scrambler or en-
ergy dispersor), pulse shaping filter, QPSK modem 2. &
%] o] 1t} Channel coding¥ modulation #24]2 £8
2] DVB(Digital Video Broadcasting) 7+ 4[3,4]& o}
g o] V[ A 5= channel coding$ encoder 9152 A
Btk FECY: 71§ 3.1la. A3 energy dispersal ¥,

pulse shaping $F5holl 9] 2] 3o},
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FEC Encoder

Data Syne ' Conv. Code Fjl.
‘lnversion | RS (204, 18 Convolutional Inner Coder l
| Pulse QPSK
i & 8) OQuter [—| Interleaver [— Puncturing Shapi Modulator I
n .
CLK Energy ‘ Coder [=12 Bytes & 1Q aping ocutator
) Mapping |-
Dispersal | l
|
Clock & Sync Generator
Rate Control
12| 3.1.a. Channel Encoder at Transmitter
FEC Decoder
-r- 0 T /7 T T
[ pepunct . | | Enerey
punct, Conv. . | Data
- & ) De- RS \ Dispersa’
QPSK Matched|: ! Sync Inierleav Removal
T vemod | | Fitter [l ™ T becod e | ]
ilter | ecoder 4 :
. Q'] Decoder Decoder ‘LK
o ) . Synce o
Tl (Viterbi) =11 ] ‘ v
! Ryte L InversnonA
! [
|

[

Carrier & Clock

Recovery

7 Clock & Sync Generator

L ’ Code Rate Control

1% 3.1.b. Channel Decoder at Receiver

1. FEC Outer Coding (Reed-Solomon)

Hri 8 bytes error 7HAl WA S 5= 9l Reed-So-

16 parity bytes)®F HF ok MPEG-2 Transport Str-

eam (719 3.2.a)-Z energy dispersal ol A SYNC byte

lomon codeZ AF&-8Ht}E RS Codet= W L& b3t - & # 2|3t 187 bytes?t randomize® F (19 3.2b),
= Lo

ZZ B error correction &2 7rar glvh ¥ RS(204, 188) & encoding o] 218 3.2.c9F 7+ error

packet FL7]= 188 bytes o1 L2, RS(204, 188, t =8) ¢!
shortened RS code® AF&-&hi=d], ol RS(255, 239, ¢
=8) codeo| A YHE O AT} Shortened RS code(204,
188)8 wE71918), WA 51709] “0” bytesE packet
data toll A3t 239 bytes blockS HEF, RS
(255, 239) encoder& AF8-38}ed 16 bytes®) parity 7} 5
7FE 255 bytes] RS coded THETH AHA]+= e
51702] “0” bytest= M &3 204 bytes(188 data bytes +

protected packet® 2 MFFILL RS codinge sync by-
te(47H or B8H)o| & H&F ) Code generator poly-
nomial e g(x) = (x+a') (x+a' ) (x+a°) (x+a'®)
ol 1, field generator polynomial p(x) =+

+x*+1 o|th

2. FEC Interleaving

Interleaving & A FEZ oAl B AWEE burst error9t
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Sync
; 187 Bytes
1 Byte |
1%3.2.a. MPEG-2 Transport MUX Packet
PRBS Period : 1503 Bytes
£,

Syncl R Sync? R Sync8 R Syncl R
(BSH) 187 Bytes [CRE) 187 Bytes (47H) 187 Bytes (B8H) 187 Bytes
L

74

J%3.2b Randomized Transport Packets : Sync and Randomized Sequence R

204 Bytes
Syncl R
16 bytes parit
o 187 Bytes yies parity
Sync n
%3, 2.¢c. Reed-Solomon RS (204, 188, T=8) Error Protected Packet
Syncl Syncl Syncl
or 203 Bytes or 203 Bytes or
Sync n Sync n Sync n
1% 3.2.d. Interleaved Frames Interleaving Depth 1=12 Bytes
18| 3.2. Framing Structure
Sync Word Route
0 Sync Word Route 0 0‘4{ i ‘ l )—0_
— 17x11
/ ! [17=MT !
Byte per | ‘t—reset X i | 4 7T TmTTTTTTTTmTmo
17x2 - 17x3
5 .
k) 9
3 17%x3 / ? 17%2 -
——————————————————————— 10
P B R 7 10
11 E;x—nw 11-1-1 1" 1=1-1
‘v ,/1
l FIFO Shift Register Interleaver [=12 De-Interleaver I=12

2l 3.3, Convolutional Interleaver and Deinterleaver
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convolutional decoder®] error A 3} E-AJuff Fof LAl &}
= burst errorE #AMA] A RS decoderol Al t 2
error7t WA HEE a1 7] %S 810, block ¥ con-
volutional interleaving®] % 7} ¥4 o] It} Con-
volutional 32 & block ¥4l BI&l, sync byte®] 3]
& fAg F A7) el sync trackingo] 48k
22 chipl B A size7) 128 FolEe AH
o] 2}

Convolutional interleaving(depth [ =12)-& error pro-
tected packet (719 3.2.c)& interleaved frame (719 3.
2.d)0 2 HBAZIT} Interleaved framed error pro-
tected packet®l FHE o] o] Fo] 2 MPEG-2 sync
byteol] 28] FEEHIZ L Sync byte®] $A&= 204
bytes®] F=714& A%t} Interleaver®] T+R(19
3.3)% 12 branches(1 = 12) 2 o] 2120 input swit-
choll 2la] F718 22 input byte streamol] X,
output switchol} 28} Z} branch 2 X FHjuFS byte
£ multiplex3t4 outpue stream S FA FCh 7} branch
£ byte B9 9] FIFO shift register®] ¥, Zio]& M = 17
bytes (M = N/I, N =204, 1 =12)2] wj4o|t}, Input
switch®} output switch® 412 synchronousdtl &=t
3l ©]Z 913} sync bytes(47H, B8H) & &4 branch
"0l w-ujerh

3. FEC Inner Coding (Convolutional)

Rate R = 1/2, constraint length K =7%! convolutional

code(G1=171, G2=133)& 7]& 22 3}i= punctured
code® AME-SHCH(H2). Code rates= 1/2, 2/3, 3/4, 5/6,
7/80] 7}&drh Receiveroll A M A¥ElE 905 phase
ambiguity+> Viterbi decoder W22 error rate® 3t
#Fatu 2 3] 438k, 1805 phase ambiguity = sync2}

inverted sync byteE decoding¥ 224 & F $ic}.
V. Modulation

1. Energy Dispersal

4239 power spectrum level®] 53 Ful4o]
A] peak 7} A grE input data stream-2 random da-
X § Wt FEHEA5 9 spectrum energyE A A
Fabg ol A7) o] 22 randomizing 33
£ scrambling®] 2t 1% T}, Input data stream 19
3.2.29} 7+o] MPEG-2 TS packetQ1 B, packet2] ZHeol&
188 byteso]™ 1 sync byre?t EEFO] Qlr}. Scrambling
€ 1% 4137 zro] 1ESS-309 wH2lolt}, PRBS gener-
atory= " 870 TS packets 24}l “100101010000000”
sequence® % 7| 8FA1 21t} Sync bytets “47TH"E AHE-
3™, descramblerol] initialization & E R F7)
93t AWM A sync bytexs “B8H”(bit-wise inversion)
& AF&3&c} PRBS generatord] WA &8 bicd A
WA sync byte(B8H) th3 byte2} A A bir(MSB)
B H&EH, 21 b 7709 sync bytes FAONE
PRBS generation2 A& E AYF 28 & disableF o} 7

H 2. Punctured Convolutional Code Definition

‘serial 1/1 rate | to pulse
bit-stream . . X
~——=— Convolutional puncturing shaping
Coder filter
Code Rates
Original Code
1/2 2/3 34 516 7/8
X:1 X:10 X:101 | X:10101 X:1000101
Y:1 Y: 11 Y: 110 Y: 11010 Y:1111010
G1{X) |G2(Y)
K=7
=171 | =133
[=X, | I=X,Y,Y, [=X.Y; | I=X.Y.Y, 1=X,Y,Y.Y,
Q=Yl Q'Y\X)Yn Q*Y|XJ Q'YxXJXJ Q=Y|Y]X}X1
NOTE : 1 = Transmitted Bit
0 = Non Transmitted (Punctured) Bit
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10 0 1 0 10 1

0

0 0 0 0 0 0

!6i71‘8(9‘[10
: | ! ;

11"12‘13
L1

T T
| 1415
‘ 1

00000011

AND

Enable ——

Data Input

Clear/Randomized I

Randomized/De-Randomized
Data Output

18| 4.1. Energy Dispersal (Randomizer/Derandomizer )

7H sync hytee o g H4Eo) wabA PRBS se-
quence ] 7]+ 1503 bytes(188 < 8 1)o)u}. o] w4
2 87 packetobt} 2718} 8 F 7] aFol scrambling/

descrambling E %9 error7} AN H - Hol 8
packet F-oll = % 4} sequence 2 -3 7 it}

2. Pulse Shaping

Digital data A4 A] channelofl ] 24 3F<= ISI(inter
symbol interference) & # A3} 371918 pulse shaped
raised cosine shapeZ & st dE3ch o] HEE
baseband (or pulse shaping or Nyquist) filter 2}l 33
t}. Pulse shaping 27 & 4149 =4l Hol AT - ‘%'»’}'

\
\

Al Ubro] aaalldel SANL FAY GE
M ub B square-root raised cosine filter 2Fil FHCh
Pulse Shde'_‘ AR S QAhE roll-off factord) 3HH
ai EAIFE 7143 =035 & AR AL, 2f,
=Rs U amplitude F42 —1dB(@ 0.8f,), —3dB
(@ f,), -35dBo]4H(@ 1.8f,)°]il, group delay ripple
€ 13ns p-p ol (upto £,)F WESA| A} ghrh[4].

3. QPSK Modulation

ARFA el Gray-coded QPSK modu-
A}
o] &3ttt Gray co-

Modulation<>
lationi} coherent demodulationg absolute

mapping (no differential coding) &

. X [
Serial Conv. . Pulse QPSK
. — Puncturing —
Bit Stream Encoder 7 e Shaping Modulator
Q
I =1 =
Q=20 Q=
I

I =1 1 =0
Q=1 Q=1

12l 4.2. QPSK Bit Mapping
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ding& M E A8 phase®] symbolAtolol 22 1-bic
7t T2 A mapping 3t Y o]t} QPSK demodu-
ola] A 3= errors WHF
Q14 phase symbol® <125 &= 4 $-olh whahy <1
phase symbol Ztell 1 bit% T2 A coding &bl AM-8-8
© 2% demodulationA] 9l phaseol] elal A S bi
error rate?} HA7 H 5 st 17 425 QPSK
modulator®] bit mappingo)‘i}

FEC inner coder-—] I, Q 8ol A ) symbol rate
2 Rs, 914 574719 bandwidth® BWel 3H9, RsE
A ey BWE MEdu 7RSS losso] F3F
o] Aol gl 37 gl M= BW/Rs = 1.27 % ©]

olob3tti[4]. 1A A7) BW =27 MHz& #| &5
o] gJo =2 symbol rate Rsi= FHuhghel 21.3 Msym/
sec (data rate = 42.6 Mbps) & 4 314} Inner coder®
code rate7} AAFE AFHe FRFS wobA
TUF BERFE E7198 A= £ Eb/No(C/N) ¢kol
dadA ®coh H3S MPEG-2 Demuxol A QEF
(BER =1E-10)5 7] 2sled 238 modemoll A
2] Eb/No2| %8 YERE Feolrt

AR

lationA] phase error©l]

3 3. Required Eb/No of the System
1/2 2/3
45 5.0

3/4
55

7/8
6.4

Inner Code Rate
Required Ey/N,

{Required Eb/No for : BER = 2E — 4 after Viterbi, QEF after RS-decoder)

4. Down Link Budget
A4 44149 down link budgerd AH AW, ©
# A7 A Fa gl BEREE AT QPSK
demodulator @] ©] 4 Q) Eb/No(or C/N) &b talo
ol g o gy 4719 ol BAE ALk, 9
Aol F4lEd, AEAl ¢ & Leddte] dear sky
9} rain®] Ao wa}l HZEF down linkol| A ¥& F U
o A 2k3keE, o] Groll A demodulator®s 1
Wl gho] AA Falv]of A ARg-a}
= C/N kol ®u}h & digital DBSO A= code rate
7/88 AMEE2 R QEF(BER =1E—10)8 ¥7] 9§
o] 44l C/N =85 dB (Eb/No =64 dB)E A=
st 41719 noise B tuner YR H oA A 2
G/T ez FAET A7 0] 45emQ) antenna s AHE
B A F272 GJT ¢hS clear sky 7% 10.9 dB/
K, rain®] % 9.0 dB/KelH 2] 2AI7Ie $41&E

£ EIRP =59.0 dBW o]t} -3 33t dFA] oF 205

5= loss &

aAR D, Jleel 28 9 F2719 G/T 5& 1
L’1 sl 9& HE down link C/N b2 clear sky A5
19.1 dB, rain®] 7% 14.4 dB o)tk 1eir} ¥I7F-E 74
-3 up link FHE FAN s Folok sh7wWFE

o] C/N 7S 12.9 dBolt}. o] A&l C/N = 8.5 dBo
Z7v8be, modem A A EHE loss 1.5 dB9Y ch-
annel 1810 €]3} loss 1.8 dBE 13} link threshold %k,
% 2171004 QEFSl BER = 1E 108 7] flaiA

Freq Synthesizer Prog
| c ) !
Ref CLK (10M)
Antenna : [
& AGC |
LNB i
i ; I
i
|_analog /D y 3 v Data — DATA (byte)
13 ¥
Tuner QPSK SymClk | viterbi RS t-— Data_Clock
A/D_Clk | Data_valid
. . v Clk
L-Band In module Demod - decoder | v cix | decoder \— Data Start
I & -
Y.analog A/D Q . Data_Fail
6 f - RS_Sync
! " ’
o |
2V 18V 5V ) e o
5VA  LNB_Pwr 60M
Micom Bus
18! 5.1, 4541 7] Channelt* Block &

(539)
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Bad #Hagel C/N G

C/N ZAte} v shd,
7.3 dB, rain®] A-9-+ 1.1 dB2] of-H-7} it

11.8 dBoit}. Down link

excess margin<- clear sky 4-9-

V. $4Al7| Channelf X

F=A217) channel}ti= =LA outdoor -9} indoor -8
#ol2)

Z 213l indoori-3= tuner, QPSK  demodulator, FEC

t}, Outdoor'# = antenna, LNB, cable& o] ¥

decoder® -FAAEY block®E+= L 519t} Channel
el 4.8 MPEG-2 transport stream©|'] MPEG de-

coderC’ﬂ Al MErlo] TV W data N3 HUEo) 4
A71e] w2 vhsdh Aol Qs A A
Y ol A PAlA] AL S L E S o 2ol
ek A7) F A ok st pu.

— Antenna : size = 45 cm, gain = 33 dB, offset type

— LNB ! L.O.freq = 10.678 GHz, drift <2.5 MHz;
noise figure = 1.1 : conversion gain = 50 dB

- Tuner : input 950~1450 Mhz : =70~ -20 dBm ;
75 ohm ; AGC range = 50 dB

— Modulation : QPSK, Rs
sition range = 2.5 MHz

= 21.3 Msps, carrier acqui-

- IF loopback performance with BER =1E -10:
Eb/No = 6.4 dB @ rate = 7/8

— FEC Viterbi{K =7, ratc = 7/8) + De-
interleaver(depth = 12) + RS(204,188)

decoder :

1. Antenna ¥ LNB

Antennat: X 1ol Add vjeksh ]Q—T% g2l
7 LNBE Mgl %%—71 7]"5‘% gHeh W DBS
e e o] v ‘Vc! 45 em?)
A offset type antenna g ’\}Rﬁ}fﬁ g'un{’« °F 33 dB
o]t} Antenna®ll 93l ¥ A F 1 Feed Hornd %
& by Asks(LHCP) v AW s o) LNBo A9
k. LNBi= low noise amplifier2} block down converter
=2 ¥oAr}h Antenmaoll FA1E A S LNBolA] &
EZ 9 [ .bandE down conversion® &, cable & % 1}&F
HA A E o] nerol] Heby] o], runerol] A UHAl S
7131t

_‘x
1
=
>
é
é

9 IFZ conversion t’iltcringl?ﬁ <
RF Al 28l o] A5 G/T(gain/noise temperature ) &
F A S,

h
temperature

gaind JENF O] FF Lol noise

AlzEl el M sl F7hsl
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noise ] th. Noise temperaturex™ noise figure® ¥ 8
k=t gkol S+ & A AHelth LNBY gain
of ok 50 dBE vj-§- 7w F o], 541 7] A A 9 noise
42 LNBQ) noise figureol o]l 2 E Y twner?
@ae- Hoh Wt LNBE noise figure 544 0] v &
2 (2F L1dB) low noise amplifierZ *}%fﬂﬁl— LNB
Aeialgo]l Faba= 120 GHzE vf-9 m24| o] 4l
r %8l tuner® M9 cableoﬂ o] gt

i)

§iF v cable S

loss 2 noise %4 &o] o} - A} wabA] vwE e
T3 ) ¢4]) 1020~1340 MHz(L-band) 2 w3=0]A]
cable® %3 43} o] down conversione 10.678

(.}17.4 L.O.(local osc.) & AM&-3te] dtd. L.O.9} long
term frequency driftv> FHo 2 MHzolt}, o] driftx=
micom®] A48t tuneroll A B A E T LNBo| o
88 HYL DC 18V, 2B HF1= 100 mA o]t} o)A
e S i s
Cable-% 5C-FB type 19 impedances= 75 ohm©] 3L

o)1= 15~30 mo]t}. Cable loss= <F 0.4 dB/m olu &
2k 12 dB loss 7} WA sk},

coax cable &

2. Tuner Module
Tuner module? tuner- 2t QPSK 2 Z7]9] analog
part¥ 3FtO] shielding case?toll %3+ module©] ™
block I 5.20|t} RF YBAI A Y3} ch-
A8k 71 918, tuneroll M= PLLY} mixer& A}

g8tal 4795 MHz9 F - Ea5(1F) 438 HEs)
i:6l, PLLY: 10 MHz9 reference clock S AH&-3H0).
QPSK 275z of IF 238§ 2P¥ Fv4(4795
MHz) el SAW osc. & AFE-314] anlog in-phase(1) 4 &
¥} qadrature (Q) AN-9] AZ g B2t} o | ¢ Q
2337 A/D converterdl] A sampling¥ ©] QPSK Demod
1CR Muzlc)

AGC control Y& & IF M level S anlog QPSK ¥
Z29t A/D conversion 8t7]o H@&A zHslel, 1
& Q A& levelo] 1k Ohm loade| A 2 Vpp 7} 5152
§Hut o] control 21 & 1= QPSK Demod ICE HE] W=

b ']_rl)

annel &

th. Control input voltage @] ¥ $13= 1~5vo]m dynamic
range= S0dBO] Uk Filtering- input, 1F, baseband filter
g o] F0]x] ]t} Baseband filteri= Demod 1C9} digi-
tal firer®} 4 318FA pulse shaping S &=, o 7)ol A
LAY filtering 3F3L, Demod 1€ A phase

IF7}
o

1= amplitude
filtering §YC}. Frequency synthesizer(PLL)
479.5 MHz ©]!L 2, F(desired) +479.5(1F) MHz

2 program 3%, Demod 1COIA] 1§t AFC gt ¥+
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IF = 479.5 MHz
L-Band N
Input > % %“ﬂ
Freq.
Synthesizer
J(z
Ref CLK Prog AGC

&
)é

@
)

90\0

SAV osc.
479. M

T18] 5.2. Tuner Module Block S

frequency #t-& offset §HC}. Long term frequency drifed

micom o &18 Ho 2 MHz7}A] WA 8o

3. QPSK Demodulator (Demod IC)

Tuner module®] A 19} Q& ¥ ¥ analog M= 2
el A/D converteroll A 6-bir, symbol rate & sampling
5] o] Demod 1Co & H ) Demod IC¥= 91 # digi-
ul | & Q A1 &5 o83}, Carrier Tracking(CT), Sym-
bol Timing Recovery(STR )2} Automatic Gain Control
(AGC) & digial® o2 F8slty 19 533 Demod
1CE] W blockE= o]t} Micom interface® %8 Demod
1C9] control? statuss ¥ St} v £ block

o] Extol g Awolt),

~ Phase Filtering(Group delay equalization) : F41 7]
9] 5} 52 pulse shaping filter 2} amplitude 53+ 9
gro] H o}, phase® A (group delay)ol & £ Y&

"1’:—1/}' Group delay¥= 13 ns p-p2 A gtx]of 1oy,
phase filtering- linear phase 544-& 22 & W) 5
™, analog baseband filter2] cutoff frequencyoll A1 Ay

8l 334 & phase transition®& W 443le} Fo

- System Timimg : Demod 1C W' clock ¥} 2] 9]
A/D converter sampling clock, Tuner reference clock,
Viterbi decoder®l]l B 838 B E clockEE 60 MHz2
fixed crystal& source 2 &ta] A &S} Symbol timing
loop &2 M9 = 500 ppm (21.3M +£10.5 kHz)°]
th F417] cock UHEE 10 ppm, F217] crystal 2
A E & 75 ppmol o}

(541)

Automatic Gain  Control(AGC) : AGC  output-Z
symbol rate 2 oversampled sigma-delta modulated bit2
2 Z4Y ¥ AGC loop2] bandwidthy= 1 kHzulvho]
L}. 7= 2000Tbaud (2k*%47n=0.1 ms)3 7+t RC
lowpass filter & reconstruction filterings 3 3+
t}, Filtered AGC k2 0~5V 2] ¥ 9ol i},

— Soft Decision Outputs : Demodulated I & Q
symbol& 3-bit sign-magnitude format.i2 soft-
decision € % Viterbi decoder & &8 H v}

— Es/No Estimator : S/N ratio estimation&
70 €] symbolell sl gt o] ARz
inting & Fewf Abg-E S A

216
= antenna po-

4. Viterbi Decoder

718 5.4% Viterbi decoder®] block%o]th. 22 block

< inputdt, decoding’t, outputlt ©]H, —’F/} A=
block-2 differential decoder®} descrambler”} T ©1 %

incoming symbol stream& depuncturing $+t}. o] 373
2 encoding?l punctured ¥l symbolg null symbol 2 o
A &t rate = 1/2%1 symbol stream 2. 2 HEEH= A 0]
o}, o] HMEE screamS Viterbi algorithmS ©] &8}
decoding © U} Depunctunng Tayst7] el M 27H
9} clock & input symbol clock(punctured), output data
clock (depunctured) ©] & Q3 ), rate =7/8 7% o} 5
clock @] H] &£ 4/7 o]t} o] clockE S Demod 1€ A4
B 5] o] Viterbi decoder®l] ¥ T}
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r 1
I_1in ! ‘
b —— A/D i |
6
| Phase X Carrier ‘
Filtering \J Tracking
Q_in }
Q A/D
" |
Symbol
sample_clk ‘ i Timing l SymClk
V_Clk
System
1 Timing l
60M agc_out |
’ AGC ] LPF
addr i I_out
I ‘ Soft 3
data -——— Micro Decision
cs™\ —4—‘ Processor % g Q_out
LAAN Interface l ’
N
Es/No Est.
‘ Lock Det. ‘
i ! Tuner
f Prog.
‘ ! Ref _clk
U |
121 5.3, QPSK Demod 1C Block Y-
i _/i. . ] Data
q 3 Input Viterb: Differential De- Output
SymClk —= Blgck Decoder Decoder randomizer Block Data Clk
V_Clk — -

2! 5.4, Viterbi Decoder Block 't

5. RS Decoder

RS decoder ASIC2l =8 7158 sync word derection,
de-interleaving, Reed-Solomon decoding, de-randomiz -
ing®] ™, block % += Z1¥ 5.50] U Input moduleol 4 3=
Viterbi decoding ¥l serial bir-stream-& byte-stream 2. 5%
W syneword(47H) S 33=th De-interleaverel] 4]

= A8 byte-streamS A ) H &k RS decoderoll A

. L e o
= codeword®] T error correctiond} detecdion & 8

t}. Decoded codeword7F & ¥ ¥ 3= 2 MPEG packet

(542)

o} error indication®] %2} 2} error signal$l DataFail 2}
Fluf ol decoded datay® codeword )Tt delay
¥} o] error correction® codeword ()urpth] Alz2b it F
Aot o] o}zl Al Ftu}. De-randomizers=
dom descrambling-& 3k Output moduleol] 4= RS
error 7} A H 9=
transport_packet_error bits “1" &3} MPEG deco-
deroll 2tedFu}h Decoded ¥ data byte$} clock, 7181 1L
370 2] indicator A €21 Data_Fail, Data_Valid, Data_St-

pseudo ran-

decoder & 3~43% 4+ gl+
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Byte Data
Serial [nput Deinter- RS Codeword Derando- Output
Bits Module leaver Decoder Delay mizer Module
Codeword I
Alignment Decoding Failure

713} 5.5. RS Decoder 1. Datapath

TENGLT SN O

DataOut

[ EES TR ER RN

"o [ 187 188

Data_Valid

Data_Start

7
7Y ‘]

Data_Fail

]

i -

18] 5.6. RS Decoder Output Signals Timing

art5 & MPEG-2 TS Demux@ HWE 0 24 channel
decoderd] 715 & ¢E3HAIEH

RS ASIC2] synchronization®] 75732, A A incoming
byte stream®ll A 7] Q1 syncword®] derection¥- lock-
ing8od, deinterleaver?] read9t write pointer® %7138}
A7 2} F A1) derandomizerE F7)H 22 27]8} A}
71}, Syncword detection algorithm< 3 A syncbyte
E A&3% 8= R4 N 9] syncbyteE &
3= Aolt}. Deinterleaver®] synchronization RS_Sync
ping E31 & 4 At SyncE oW sync algor-
ithm< re-acquire mode&. thA] Al ZE o} De-random-
izer synchronizationa 8% v} vkl s} syncbyte 2]
YA (SYNC1)S detection 3O 244 o] Fo] A}, o] A
Z ol A PRBS shift register<= initialize & U}.

1% 5.6€ RS Decoder ZEHA1F 2] timing A 0)
t}. Data_Clock& 45 £ clock pulse®]™, DataOut
ol il codewordvFt} 1887 2] decoded data bytes(0~
187)9} 1670 9] parity bytes(188~203)7} 4 @t} Data
_Valid ¥ 188709 data bytes®} 16709} parity bytes&
T ok Data_Startt= 1837l data bytes®] Al 3HE
& Ert

(543)

Vi.gd g

U] Digital DBS®] channel’* 74 & DVBY 713
& v} 0 23] channel coding ¥} modulation F-3# 2
2 zo]9lr}. Channel coding RS(204, 188, + =8),
convolutional interleaver (depth = 12), convolutional
coding(K =7, rate = 3/4, 7/8)& A}-&3}d QEF(BER
=10E - 10)& 733t Modulation 8 packets &
AZ randomizing & 35,
{roll-off =0.35), Gray-coded absolute mapping 2] QPSK
& AL&8tH Y 241719 channel 3= antenna, LNB,
tuner, QPSK demodulator, FEC decoder(Viterbi and
RS) & Sojdrh. £2417]12] channel &8 MPEG-

R
27TS packeto}c}.

raised cosine pulse shaping

k]

F
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