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Performance Evaluation of Satellite System Based on Transmission Beamformer
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ABSTRACT

The Signal Intelligence (SIGINT) system based on Angle-of-Arrival(AOA) estimation, interference suppression, and transmission
beamforming techniques is a cutting edge technology for efficiently collecting various signal information. In this paper, we present the
efficient structure of a satellite system consisted of an AOA estimator, an adaptive beamformer, a signal processing and D/B unit, and a
transmission beamformer, for collecting signal information. For accurately estimating AOAs of various signals, efficiently suppressing
interference or jamming signals, and efficiently transmitting the collected information or data, we employ Multiple Signal Classification
(MUSIC), Minimum Variance Distortionless Response (MVDR), and Minimum Mean Square Error (MMSE) algorithms, respectively. Also,
we evaluate and analysis the performance of the presented satellite system through the computer simulation.
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Fig. 1 Architecture of SIGINT satellite system

T A S ETwmTmL K T = = e
TT = ﬂmﬂﬁ@1@@ ﬂ ORI C e
&ATMﬂﬂu MLI iﬂo(&XEMﬁAM _ imewdﬂHo_o AMM.\. _.Aj_
“wE 3 TR oz S g 2 o e : i
@@Mm o T X g WS g <l BN T g o _
FH 5 TE Sm =2 E G < Batw £ z
. p— ~ K~ ~— — s -
il [ L= T E 2 =2 20 N o = 2
H TFT= T a%e 80 F o HET< -
R S T <wT H o g o o T X - 0
o O Ty -F O F - 2w g oF
M oegp® . 2 N eEE T SZ a N z -
< A o] Dﬂam = u_ulqwru = o %0 o) — " = A_AT
<! < T ®e © + TR R R g 5 2 ~ Qo QX g =
o iy X S E o e = Do A o 2 g
Foem Nz = S R — Wu1§1£ E Ju..h_u
- o] ~ ﬂ! = of 7! N@L e uiicn . ..% M ..Jo do K ,UI oy m ___Ao._
= F_opoHd < BT Rz IED S om e 2
pBEed X =gy MEE 0 Do B <
ol — - ~ o) = — .
T NE = rﬂﬂ%m%@:mm ol ~w R g -
Wi%ﬁ% % M%a,ﬂgq.um\.A < %ﬂwﬂ%wﬂ fm_
of o of B I mkmﬂ%mﬂli%dr <o R%@hw
o omr = 2 l(k\ﬂWiXdﬂWﬂ - utm )
il P TE NN ARNRNDT = N S
P St 8 W o 5 oo oo o A NE o oo ol o R RN W B B g oo R
ﬂﬂalmﬂm%iz_u maﬂowumﬁlgaﬂi1%@%&%?ﬂlzuﬂﬂﬁﬁ mnﬁiﬂmﬂ%ﬂr
e B = = o AR R B g N g PR ES o By o
T O R £ S UV S R S N - I ol I N
A gl Bl W™ | Bx CEITWE DL B Vel @A T
%W%ﬂwmmé on ﬂumrmﬂz.auﬁ&z%ﬂﬁ%?m_za_zfaﬁéﬂﬁv qu?x&ﬂ.
S ER T E g ?%é#ﬂxm%%ﬂﬁw;ﬂ ﬂ%%%wﬁﬂﬂ T B LAY
ZLETREHPS L e p eI by R T  wm T R 5ol T gy
N ETELTE AER  PrzeiiR sRsxdasms Ox¥ugra™
g 0 = iy 5 o <A K ~ o bl TR <N w jof o 2 F m dp
TN = 2 el e~ X %g ok N g X o o, & o N N ol T
B ) oF o 2 %o T ~ = oo e 2oy ]
E S NE T dba _i%ﬂ%lu TH s NI E RN AT W ~ W o
Mooy 2 mdﬂ%q o < B = B - K Ao 2 2 wn B = K < XX W
_ P <o J R . ) ) HE R = = =
TP e Ol § &Hw&%ﬁomﬁo% EwE T R gSeer TV ARTST
mmw%n%m],z_umﬂ %oﬂﬁmom_x;ﬁ@wmﬂish%%Lu oo W draﬁ%ﬂxoﬁug%
~ 2 o~ = N o JWiv SR Jald o mn ol o = —
H%mm%ﬁﬂﬂﬁ TE T oRmewh aﬂﬂ@_ﬁw%ﬂ%owr%oum”ﬂ%woA%
P EEgEDR LR R R T s e LT g R g B o Pd L wSm®
F o 5 ol — . ~o KO . ~ ° 5 our o] S — 2 = B [y od - e
Rt mﬂmouMqHV;Aiﬂr%xoﬂ mﬂ%_zfﬂﬂéﬂlmam«ﬂﬁ 5o s g X
pE ST M%mﬂﬂx%Aﬂ%ﬂ%%m@ﬂi%,@%_ﬂmxﬁ@ﬁzﬂﬂ TRE S
R gl TR o © = R AT TN o R B s N T gl
L EERLES BV ECE R s heta swe _dxc jmAREL o5 7
L_ﬁm% I Sﬂ%iLﬂoio%JMo Ulc.#‘mwlﬂm_u,ur,iom:; DNR o thﬂ%;,“]ﬁ
N A A B B AR = Jo =~ B o AN Tod < oo o S X W 0 T o o e ol
T M E o N O o oK ER o R THE M M T TR W R W WMo oF R o To ™ R0 ) N R A

714



S WA ek 944 A~

33 AzA¥ % D/B #H

=371

2"_

31 =4

— oy — —~ =0

¥ oF Hor ) ®O B _ﬂ i) < Yo T B do .arm S ~a __ow Mﬂ 7K Mm ~a W
— x° Yy o, R oF & e ey o— N - X &jo ~
BN T T Py L o] = I
o 7o — o N o o T oo = BT %
i i = o XE hdd <4 A= > <4
up O LI op Npo TR . oF o O T ol
) i =i \ ¢ =0 L .
ﬂzTW A _Ew_mm_#.w7 # PTG < M_Aumm o Hoiﬁ <
%MW R ) e h o W
2l TgEZiez Sty d S TTitr
o F m N R I m T S TR
(i ) - juy = o= = ) — .
O] oy = n — ! Ty . ome
o) o W Jmﬁmm_oumuw . o R WD @Z,Wr._ < ﬂiw_iwm
™ %o KB muﬁu%ﬂﬂnw (S %XW Mﬁm. PR N
) 5 = —_—
o o A AL K v ool BT DA L
B__omi, x&%ﬁﬁ%%%ﬂ A = R m ﬁ%mw%wr
a ok doﬂlumm_ ﬂq © o = ~ = = s > ! |
[ = — — mﬂT Ve = = o) L
o MO T 2 mzm Nap R LF aE g Mﬁ w T S W T W
N o B 0N ogooEm ~ T : m 5 TR o Nk
Th s Tm pamcil 5 oz 0% FEE B W T a e
mEEx o TewmaS g S oy L T D Ty
o R NS KR 75 Bt : v Moz £y = T3 s
R R R P S aRggd =2 Sy gz ko P
o & I o 2 B TR R PR o S = oo o T oI <) op
e I B A I 8 ®o PP ) < m m oy do o o = F
g oy BT T El ol §ER T i
i B I R ) =% B RS E T .
WU/:W ‘mﬂogw/Mﬂvam&! . o= ogmnq/ua% ey _
il E Mo lo Q N Kot i - S
Wy AR ades — o o Hoo LN 2T O T = R
m«aﬁ%wﬂ mr%n;ﬂm 2 Mﬂma ol,_ﬁignﬁﬂmm o
0 ) oln . o 15 ! o] o
R S ook g o E T ©°
< = Do X ! iR N et T ol <A umo = lﬂ_WL i xo
~ i il =0 f —
@?WH@%M@W ﬂ% W o =T _tuﬂumﬂhoél_zr <r
W o oo = N ox A w s e N - g o
_wEiw irE 2 R < IR B R
CO mﬁx ko £ g B e g o T i
CH M en EUT = it T o= & 2 oo EL 5
- X =1 = 3 < I T o] ) =zn ol ) 9 TN =
Te? T Esk s 3F o2 @ RARBo~ o3 Lz
B oF o o o < > o) T - X o K & ~
FoEEERofE S ST ubkm 5 miTiEab. 7
o T W g g < 5 T o < ST R < BNVMFET T e B
o H A2 8 T o =N - o= M L G
W 2y X = G o = =2 K %Hﬂmﬂi o -,
T T R 3E < g $Fe’E 1 gmTob 0 K
) O IS = . @ C.._ — 115071101:L “Wﬁ‘ul . ‘Ul
Trsmsh 20wy 9 T T2l S <P A 8 E
delm By ums < T 3% & mﬂzﬂ%%m A o
" W oF o F Al N IR w T mnw ) § T PR = o A g A+

715

Hel AM(:

1

pd

©

13,

A
s

78] WB(: Wideband) %<

}

Continous Wave)
kel

pal

5)



JKIECS, vol. 13, no. 04, 713-720, 2018

Amplitude Modulation) A&, F 719 FM('
Frequency Modulatlon) Az, e 7le] PULSE A&

5 1estith Falslsel dig viAfeEES X 10
wof k. AlE# oA Alve Lo AM 21359
A4 o 005013, FM 239 Wz 92 3
0.05¢], A5tste tﬂz T35 f,, < 00012 7}

[¢
)

e & o m\
BN g

A3ttt PULSE 4l3& 50 A& F7&8 7HA&
on/off A3 2 7}X40 o3, Qe SNR(

Signal-to-Noise ~ Ratio)ell  ©i3t &3  SINRC
Signal-to-Interference and Noise Ratio) A& d#o]A
S A BE AJEYolHA SNR2 20dBE 714
StATh Bk AFE AlEEH AN BE A5 1
P o ok ZpgEtsinh. A S dig
B AlE#HolA Ay oA s fAA A #
HE 39 4r 2 dolHE x¥st= CW 2l
s

35 $AEgn AN, ] AEERE 3 A9
WB &g A3, 3 /19 PULSE 413, 3 719 AM

NS 5 F A A AsE sk Sl #A
ANeEo] MAHFES & 2¢] 295 Adrh
a9 2= FAAze tig MUSIC ¢arg]s 7

w2

)
ro
i)

of AdtHor FA4H AL F ik 19 3
FIg GYelMe] FaE A¥EYeR PULSE
NS AT Az xFE BE s &
e o JTHPULSE 4139 ~dFEHS BE g9
of Ax EAstER, 2™l AHAL &le] =7t
sith. 1§ 4= MVDR 7]uke] 48 WgAr] =

ek A AlE F el PULS
l‘i—% 2 37 49] Magmtude FAE
5

ol
e}

=
%5
oy
>
o
= o
oXx
N
lo
jates
= & oo }01'

1 AASo st AlEe|o|M A2
Table 1. Computer simulation scenario for the
received signal
Signal | Azimuth(°) | Elevation(®) Center

Frequency
CW
(Desired) 31 & 025
WB 43 -75 0.15
AM -97 =15 0.45
FM -163, 158 =75, -5 0.05, 0.35
Pulsed 103 =75 -

I 2. SMASo st AlER oM AlLE|2
Table 2. The computer simulation scenario for
transmit signal

Signal | Azimuth(°) | Elevation(°®) Center
Frequency
CW
(Desired) 14 77 025
WB 51 =77 0.1
AM -23 =77 0.35
FM 131 =77 0.45
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