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ABSTRACT

Channel attenuation must be taken into account when designing Time Division Multiple Access(TDMA)
communication systems. In addition, Automatic Gain Control (ACG) is a requirement in satellite communication
systems in order to form a stable network regardless of rapidly changes in channel environment. In this study,
we present an AGC with possible real-time application to time slots in satellite TDMA communication systems.
A satellite TDMA system was designed and implemented in order to test the performance of the proposed
real-time AGC, and the system’s BER (Bit Error Rate) was found by applying the proposed AGC algorithm.
These results can be expected to be of high value in improving the stability of satellite TDMA communication

systems in the future.

I.M 2 3le] B|7FA]A (BLOS, Beyond Line-of-Site) °3%3

o] FAE 7hssHl dick olEdt AHow $Add

19901 el o]F fejuehe e 155 Ak ole|HI= g, & 1|3 st sREe| I
2 g 2 AR BAoR oF 1099719 AFeIEE E7PAgE e 4= Aeeizlsiar 9)

Hxlslgie). o]#dk A5 AAk dlolE }=aE N EAA =R Al A S e o

TAEl] Rl Bo Fapdel 4w Sealwl 27} ApAeld] o= Tkt wE diy] =

Holelg SIS Aol G418 Aleg 34 & 9ol wE et ik dehdo) wield.

=

o FAR} iLHLJ%%L°47‘J, lechuisoo@add.re.kr, 3|
T & KICS2012-08-409, A<=} 120124 89 319, FHE=A4deda}l 12013 49 1Y
298

www.dbpia.co.kr



r
M

| 17 Al

& FAAZNL 9T AAT AFISAN7] AA 2 P4

a3 18 FukE e uE diy] 2 7kl 28t
75 Yeplledl 2 94 BAAdE ARgska
o X W3t Ku tigelx] 7352 <ldk 77t
F438] A= AL gl 3 5 o)l HE A%
Hslol] w2 o5H IR F97) 2ol ue}
AL iAol HA AR el $14 BA
Al®l A Al o]zfdt BAS wesie] ojufgt A
o= ozl ExlaE fAFE ¢ xRS

ot e

Atmospheric Absorption

AttenOHTGEN] |

[dEtkm) |

- = = -AtenWATER ||
[dEtkm) |

|

T

100.000

10.000

1.000

0100

Attenuation (dBkm})

oot

o.oom

1 10 Frequency (GHz) 100 1000}

J8 1. Tk Aol whe Ak
Fig. 1. Attenuation through the atmosphere

YA oA <S Multiple Access) 7ol T
T4 (FDMA, Frequency  Division
Multiple Access), ZE=X3t}5% <4 (CDMA, Code
Division Multiple Access) L2]3. A|&3clsA<
(TDMA, Time Division Multiple Access) ] Sl
t} o]F TDMA A|2~Hl2- 3] Fag oS
AREEste] ofe] 7RIz A AT dlolEE
s 75 7 e Aol stk ol#g AHellA
TOMA A2He FAMeR wgshs Aol ot
A 7V AT A 4Pl An S91E e
2 AAs ke vEHd=Z S A (New,
Network Centric Warfare) 7Hidel] H-§38l= A|2~H
oltf?, IAEAE o] 47 vESTE FHTel o}
A= A F59F 22 2] dAfes E5H o
T 7zl sAlge] FHd 4 glom A=e]
Q7] A1% (Jamming Signal)e} 72 Q1914 7HdL
2 oS vks F gk olEgt FAISHeM R oF
AA < vEZE A A= s
o|5 xAo| Hk=A] I g3}

(e}

AR o7 fAIASe] o5 A4S

ﬂ?

ol

[<]

v}

=
(Non-Coherent method) 2.2 “FE-EAX|&=H 5714
= FAAlse] 9 715 o83 o]5FHelH
vl 7 1A AAlEe] F7|RES o]gale] o]5%
zAgc ! ¥)%7)1A1 AGC  (Automatic  Gain
Control)ell H]3}e] %714 AGCE AEZ} o]5-L
=23 4 glont T Bkl bl kol
sk

T3 AGCE 994-2E  (Continuous mode)2} H
AEWT (Burst mode)Z & 4 glth. GPS
(Global Positioning System), GNSS (GLobal
Navigation Satellite Systme)®] =217]ol 285 <1
ERE AGCE ofd= Fumjod 943 A58
de & oo QguEdr AMgshs AGCE
HrER T A83lH FHEES] 2po|w A|2Fe
S HASE 4 §lckh TDMA A|z=Hl) 3o
HrERER FAsh=s A2 R E Fol7]
A wE S tAE HiERE
AGC7} A3l

I2]3 TDAM AlzHle] H4Es HireEme
AGCE E}3]&F (Time Slot) W2 st}
ZH Y (Frame) T2 o]55 24T F =S
AAsks weR Fid 4 ok ZEg "H9E
AGCE & 7-¢ st=do] 7 Hal=r} o}

(Coherent  method)®}  ¥]%E7]4]

;

zk

i
als

it

o]21gdt AGC2| EA1S ubddle] B =iollxe=
91”4 TDMA FAA 2"l Z31eh elslER 9=
2= 115714 AGCE Al”KEk) o2 ¢)3}e]
214 TDMA FAIA 288 AAlslgom Algkshs
AGCE A3l ad Al=Hle] Adeg #ik A¥
< 53l Zalskdck

o= AL v Ak DAl =
oA w#E 94 TDMA A|=ElS AASle] A]~
gol| A3eE AA7E AGCE Algtslla Algksk
AGCE #A-43F Azl Ades sk vix
o MA e AE2S Pt

H‘

A

[e5

rr

=
rh

£
2.1, AlAE] 7z
[e]

Jubgd o2 TDMA Al2~®l 7ljiap 7ke] A7k
715 A3 dHA Ak =R ZHY] (Frame)

299

www.dbpia.co.kr



ot
Hi
of
>,
R

3]=%-%] *13-04 Vol.38B No.04

X ms ~ xxx ms® AP =Zq] £
a7 29 ok wEbA ARk oo ‘1]%94
Ao SIgE AlzEE ZHgle] HelE 6
ms, =9 el BE Burst) 7S 1176 m:

2 AAsledct gz Hell= dloleE AF 5]’
71918k 10070¢] EE B{A~E (Traffic burst)e}
F1E AP A 29 e WxE
(Reference burst)7} EAsh 7] WAEE W
715 913k ZEjiER A =3 Al Az
Al = ARE AHelE aresled 7}-—5}":} (Guard
time)2 0.2 ms®E A3tk

lo
iy
)
it

olr 11:{};
N o

o

OH'IFHO

Frame

<

N3

TSEC

Frame #1 Frame #2 Frame #N
Reference A-Traffic B-Traffic J-Traffic
Burst Burst Burst Burst
% Traffic data
Guard Time
Preamble Data Sub-burst

Carrier Symbol-Timing
Recovery Recovery Unique ward
Sequence Sequence

a8 2. =ZHs] 7=
Fig. 2. Frame structure

2.2. ?|d TDMA =& MH|

A SAAzEe W w7 71 SAE AR
3 (Closed loop-back) W13} 7HH}8 F3Z (Open
loop) o2 73 & siek Ffd AR F= vk
< "k2E Master)9} &dlo]H. (Slave) = TAE
v ES el A= mlrEle 2] % SIS
3k 7|FEAlEE AR A7F 7FAo R FAlE <9
ot o FlEAlEE Al e H5a
U4 g e Akl At alsyal=zt
of I AR ool 18 wEe b

<]

o2 tF Pe At VEYIe] T2 A4
.
B el A el AR A

gata gl o4 AR 2= e Hgsle] A
2HS Ay el A=skg) dH48 )
3 Fx el 2] 1A SRRa )
Z $Ader A5y ¥ §57 dPYa E
NEes A= ) H53ch A0y AR

B Sl A

ok
)
s
rt
[
il
O
5
Lo
@.
(o}
%
_] G
Al
filo
do
e
e
r

/ VYRR
VRN 4 ' \ “‘\ “‘.
SRR & QR

a7 3. 27 5] B5S sl Al 4
Fig. 3. Initial Synchronization process

ulAE oA 7| W AEL] Fxals FAIEte] A

Fe7lE 5% ¥ (Al ~ A2), 53 A7k E
7} Z#o]|HeA] $Aldl} (B1 ~ B2). Bl ~ B2

1)

Wé—% gl A7k 715 S5 Lol ¢
Ao SAemRE AR sAE =53] 2l
$<Algi} (1~

21]0121 W2~E (Ranging burst) S
C2). C1 ~ C2 I &yo|Hi= il $]]e]
gt AIZE A9l (Time delay)S <IA|3fe] A7E
715 kR olE’l od#e] IAS A vk
Elo} &oln 7] 7] Aksr] 5 F Tk
QA (Frequency offset), Al Z]E] (Symbol
zitter) 55 BA3H] W £7)S A

214 TDMA =¥l 7153o2 Lo X34,
oA mq 2giA, AdxsiAl Sos AR
ol L-ulY e vxd =9l A IF
(Intermediate Frequency) 4135 L-tfe] A&z W
Fsla Ll AlSE FAIER WHksh 2l5ol5
ZZAle] (AGC, Automatic Gain Control) 7|e~=
“ej3ich

rlr

L-band Digital Modem
PITCITEOTPPRPPOPEen 4 uemEEEEEmEEEEEEEEEEEEEEsEEEEsEEmEEss
L-banw Up-Conversion [€ 1 DAC Tx data process
Ref. clock § P
¢ (L.) Freq. Mixer 1 & Data process
L-band in & Down - E Iq
— conversion >] ADC Rx data process

12! 4. 14 TDMA =2dle] 7%
Fig. 4. Structure of satellite TDMA modem

www.dbpia.co.kr



=5 / _or]/d /\] Bk

% FANZGE A AAL AFeI5AN] A 8 T

Ae] P AT AT A TOMA 5
W] 8 A Iepree ohg £ 13 2ok o4
ZHFAS- PSK (Phase Shift Keying) Al¥S A%
sl AAIBIA=Yl ©]= HPAs (High Power
Amplifiers)2] H]A13S- FE3s}7| 9|3 olch

E 1. 8114 TDMA =4 Fjejrle
Table 1. Satellite TDMA modem parameter
Data rate 000 kbpsD
Symbol rate (1/ fo 629 ksps
Bandwidth 000 kHz
FEC Turbo + RS code
Modulation Reference burst D-BPSK
Traffic burst QPSK
IF frequency 70 MHz
ADC sampling clock f, x 36

2.3. AGC aH % 78
Mg 1t mlsh o] TDMA AldlelA]
Zeg) W8] FL Pl R ol5e s

= 7IHeE vd F olck =g SRR oSS
_;;L_zlzs]- 740011 511}]/\-1 7]—0 L‘ (] °L°r];91?l 7‘1./3
Ase) Slsl L WAL F43 4 sl A

2247F glo] £ =EelMs BIER 99IE AGC

= 7Y T UEE A SxE AL

GPS (Global Positioning System)<} GNSS
(Globa Navigation Satellite System) A|Z~®le] 4=%1
7 Agreg ol5xAds )l siA|wt °4
SFREo AGCE HWAEREZ FHshs 94
TDMA A]Z=Hlof] #4838 739 AGCe] -S$HEE2]
A= Qlsle] A|xgle] st HAd 4 itk o)
2] 2 E=elie #AERER S 94
TDMA SAIA=ES $I8 AAZE AGCE Algket
o} ol 5 ffEl wE SHEEE 2o sheso] T
g EAkert U2 vlEr)A AGCE A48l

B =ellie FAWSIE 50 dBE Ak e
Y&F ISR o5 2P| S8 21 50049t
A AAZew Ll 2HAleL tAd 2y £

AL o]5 FAlel AlefsirislE F2r} A3}
o] ek A AEE A 2 o5 3 W

st71913 A/D ZAHEE 140 ER skl

A8+ (Loop-back) 2% F3&o] 7|53}
9 = XHEH Hgto] HoshA] odrh
zg1Asle] Algte] glolzlo.
2 shedlel T BAEE BE S slon TN
%S 30 dBRE 3}5F *474]5‘ 73,‘—?— A/D AWE= 12
MER oS xaE AR 4 ol

T9 adld Lo 2R sl 6
dBm ~ -15 dBm o= 2 =X o] W&
B 2P 5 9lE AGCE Akt odwbAsl
$1dEAl AM8El= AGC 529 (Dynamic
ragne)= 20 ~ 30 dB o[ H FA3) Zolsl
A Ee 9 A% s A3 S
de] Bergyo] AXa glel® Fxh9E 50 dB
= A% Agele] A7 2 sl ol 99
L-tfed 23] AellA] 30 dB, HAE 2yl Zg] Al
20 dBE Alofsl=s AdAsisir).

A7 AGCE HE717F skEs
Ha zdsle] Zz]olBo] x| =Xl AlA|
dlolelzh siEs] Aol Jelel AGC o]
gE]ofof ghoh o] 93 w2 ZE|giEo] 8w
o slealee] Aaka e Sqo] el

7 e

o

L-Band Digital Modem

L-Band 0~30dB | IF signal 0~20dB
In; ut Gain control Gain control

Input|signal Loop back
(-15 ~ -65 dBm)
a3 5. AFsel5xAAeY7] E =

Fig. B. Structure of AGC (Automatic Gain Control)

715 HaE, Edig wAE a3 A
E°] Zz]glE (Preamble)> T3 2 ZAle] 7)<l
g+ D-BPSK (Differential-Binary ~Phase  Shift
Keying)HEE ARE313lom] Ze|iEe] A
APk (Pseudo Random) A|f2 WHY7]E E3lo]
sl Zels Zoli= 63 A% (Symbol)olth
a3 6ollxe} o] Ze] L 63 A= °F 100.16
usec® o] 717k o] $A1X1% A e =33} o

o A3t o]F EF ¥ #Lo] vhig] =Hojolglth

a5l 7ellA9} o] EE|olE 63 AlE F T
o wu) zal;zﬂg] A]i;qgm 7k

lk

(ENT
F
_V‘i
Y
-
é
12
o f
M
2
i)
> 3
r\l
filo
K
=
&
il

‘F/}_]_ Al THH S &;(4:51— = o}]\% SF Alxo)
= E 42 (66 77 usec) AlEelh AHZAe] rhe
g frE Ze|gEe] s A2 S aEisle] d

www.dbpia.co.kr



Guard time
Apply
Gain
N ﬂ < N+2
(-15dBm) NG (-15dBm)
(-65dBm) o

S - t

63 symbol = 100.15 usec ~ SOWET measure
(1/22.644 M x 36 x 63)

T2l 6. AFEolExd A
Fig. 6. Automatic Gain Control process

a7l 60142} #o] TDMA Y|ES = g7t
o) a1 Alo] Ao] iz AR AATEER o
=g zgsblflaiE 18 Telddsh 2ol el
2 Aol 4 He RS Lo &
214 1= b =] Uﬂj}_ Ao E=Z=3} o]‘:o pIE-R
3 A
=

1= 10

B2 s »}E} Ak vﬁﬁ% (42 *‘J%)
S Axkslar o]=  AIA]  (Threshold
value)o} H]agE F Al§ & 3Wlsle] o5 ks

Guard Preamble for AGC

A
A 4

A
-
v

L-band processing delay : 5 usec

|

s =22.644 MH; ] .
fs ‘ L-band interface : 25 usec

i Processing delay : 1/fsx 15=10.66 usec

Power measure duration : 1/fsx 36 x 42 =66.77 usec
T8 7. SRR el g
Fig. 7. The number of valid preamble
w3k a8 6ol o] o5 o] Hul-6s
dBme| FANE 4E A AYE F ke w

EFe 1A H(-15 dBm)e] siHe] = o]5
o) zsr} a9 1E WAs] ) o)

2B AE Ao 0153 dAste] AGC
Jele] gL Ak

a3 8e) AlES] AHE vhe A (1) - (5)3F 2

o] B2 & 3l . 4l A4S, r ok A ()

= Akej%fk+9k+nk, where k=0,1,2,... (1)

A7VelA A9} 0,5 kA 4 A5e] =79}
Ateln] n, = k WA Biro] 0ola A w HAk
o] No/ 28l B4 (complex) 7] 24 719-Aqk
ZF2 (AWGN, Additive White Gaussian Noise) A%
= (sample)e|ch

ADC » Decimation —¥» square —¢

GAIN Sum
Threshold
<« sqrt < POW 4_‘
Power
a2l 8. AFsel5xd A
Fig. 8. Automatic Gain Control process
FAA T Alze) ALo] A wEslr] 93
1 @9 g e
=rpa, = VE,+n, 1<k< Py 2)

A7)l = Ze|fe] AuBigeli Py
& Ze|ie] Agelrk A 29 y, 2HE 4
o AR A (3) ~ 9] AR 2E 5 ek

2

total Z |yk|2 E; + E{‘nkF} (3)
=L+ N
Py—1
1 1
Py=—— —y,
V=5 P 2 Ve Tl @

1 1 9
Y Py—1 k; I —my

(B} B} =

Ps = Ptnt(zl_ PN (5)

sle] Tow wE s} g ALS ol

sjel Lol zsiale] o5 xAdslw, 7} 20
dBm?e] ©]5-2 =] U% R A A A tes

stk ox"g 2wl 23 A9l FPGA (Fleld
Programable Gate Array)°ﬂ*1 ol5 AL 98| A

www.dbpia.co.kr



b

FAAZGE A AL AFe|EA ] A 8 7

24, FNAHAD

ARkl A7 AGCS %S stels] Sl
Y B2 204 AR SRS Fasle] 13
651 AGCE Hgslglon] A 19 83 2
o] TSI or A4t ARe] Fo Aelelele &
29} e,

‘ Satellite Link Emulator ‘

v

| L-band divider |

‘ L-band combiner ‘

N A A _A____1 0 :
Nobegoneror 74Tt =
: y v | v
‘ Master ‘ ‘ Slave 1 ‘ ‘ Slave 2 ‘

28l 9. ARBATY
Fig. 9. Structure of the test environment

E 2. A4 A9 F2 st
Table 2 Computer simulation parameters.
Master(Tx) | Slavel(Tx) | Slave2(Rx)
Time slot receive all
. 0,2, 4,6,... |1,3,5,7,.. .
allocation time slot
Tx Signal
-65 dBm -15 dBm -
Power
fr
CERY 25 wHz 0 kHz -
offset

a3 9olA] wkaElE Aloksle AGCE] FHA 4
Aleel -65 dBm o= AeulA] e}l &3l Hlo]
g SAR olule] Fah eZAe 25 KHaE
MAsigleh aela 1M Zelelni AGee] e
FAlEel .15 dBmo2 5 WA el &3EllA
delElE At 29 Lelolni vhoaels) 1
Fello]BellA] FAIRE AleE mF Alste] dHlolE
2 sholglt) w3l Hx 4219 (.65 dBm) 7|F
o2 AlFd3SH] (SNR Signal-to-Noise Ratio)S
AAgele] BE 248 shelsialc),

AelA] A AGCH E2] Slalke
a5 7oA} o] Zeldis Al T il A
HS =3 (66.77 usec)dt] 0|52 LEEslof dlth
wg w2 ol5E Lol 2gAlsh UAY 2y

=

i

o
H

Ao AAZEO R A8S
2 gl

a8 10> Al’kl= AGCE 14 _‘?—%‘oﬂ =83
of 3 29} 2L A SA
$-& (BER, Bit Error Rate)2 3'%03‘& ZA3olet 1
10004 ol & 5 glRe] oAl A3 0.7
dB o|Uje] A% od3}= skelsleic) 07 dB & A%
sl stede] 7 2AR AL 4 ol

tojof A|~Hlo] AR o

H
1l

e Thcormca] pcrformancc
—B— Measured performan

BER, Bit error Rate

=

RN
Y

I
HH

J% 10. $14 TDMA A|2Ele] HlEQ &
Fig. 10. BER performance fo the satellite TDMA system.

mz 2

# sFdds g TOMA B 4
50 dBS] EAPHSIE 2 BQIEE W9IR o]5
Aol 2 sl A TR AGCE Astsd
# o] o]2Ael A%l 0.7 dB oE AT
=5 ARk Ak duelEe A8 94
TDAM EAIAI2ge Aodd 52 qlgldow A%
Zr7} sl . oA el BAl 83 FAJo] 7}
——6]-2_ ;z].o]z,—]_oﬂ qu B 7:14,]..4 =3 O]H TDMA
AN A f-85b 241 S 9ls Ao

2 oflakElch

o

d

o 101‘11

References

[1] Kamilo Feher, Digital Communication satellite
|/ Earth station engineering, Prentice-Hall, 1983

[2] US DoD, Network centric warfare report to
congress, Jul. 2001.

[31 ETSI EN 301 790 VI14. 1 Digital Video

303

www.dbpia.co.kr



E 183 = 4] *13-04 Vol.38B No.04

Broadcasting (DVB) : interaction channel for
satellite distribution systems, Sep. 2005

[4] B. Sklar, Digital communications by Satellite,
Englewood Cliffs, Prentice-Hall, 1977

[51 Donald S. Arnstein, “Smart AGC : A New
Anti-Jam Device for Military Satellite
systems,” MilCOM, 1991

[6] John G. Proakis, Digital communications-5/E,
McGraw Hill, 2007

[7 Z. Y. Choi and Y. H. Lee, “Frame
synchronization in the presence of frequency
offset,” IEEE Trans. Commun., vol. 50, no. 7,
pp-1026-1065, Jul. 2002

[8] JM Kim and C. S Eun, “Burst mode AGC
loop and preamble detection for VDL
mode-2,” KICS, vol. 34, no. 7, pp.706-714,
Jul. 2009

[91 Madhow, U., “Automatic gain control for
ADC-limited = communication,”  Globecom
2010 , pp. 1-5 Dec. 2010

[10] M. Zhou, “A compact auomatic gain control
loop for GNSS RF receiver,” IEEE
International conf.. pp. 248-286, Nov. 2010

[11] M.S. Kim, “Design and analysis of an
automatic gain control scheme for high speed
satellite = communications,” IEICE Trans
commn., vol. E83-B pp. 99-102, Jan. 2000

304

0| 8 &= (Huisoo Lee)

g AT

<ol $IAEAL AR &

[SRRES)

el

www.dbpia.co.kr



	위성 시분할다중접속 통신시스템을 위한 실시간 자동이득제어기 설계 및 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 결론
	References


