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The Design and Implementation of Multi—band Antenna
for Satellite Broadcasting Signal Receiving

Park, Kwan Joon

Department of Electronic & Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently, as the demand for info—communication has increased, the
amount of satellites has increased rapidly. As a result, the angle
between all satellites has been drastically reduced, and the number of
channels converted from satellites in the same frequency band has also
been reduced. Therefore, it is necessary to be able to simultaneously
receive signals from various satellites in order to maintain the same

number of previous reception channels.

In this paper, we have designed and implemented a multiband antenna
for simultaneously and independently receiving Ku/Ka band satellite

broadcasting signals transmitted by three adjacent satellites.

The multiband antenna i1s implemented as a parabolic reflector antenna
with a cassegrain structure for high directivity. An integrated feed horn

for receiving multiple bands is composed of two Ka band feed horns and

_Vi_
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one Ku band feed horn separated by approximately two degrees of tilt
angle and arranged in parallel with each other. Using the focal length
and half angle of the reflector antenna as parameters, we have
simulated using commercial design tools TICRA CHAMP and CST MWS,
and designed the antenna to meet the target specifications. The antenna
performance of the Ku band and Ka band was verified by comparing the

measured results with the simulation results.

The antenna has a Ku band 41dB, a Ka band 43dB directivity gain, and
a 2.23° beam slope with multiband antenna. The results of satisfaction
with the commercial products were observed.

KEY WORDS: Satellite Broadcasting; Tilt angle; Multiband antennas;

Cassegrain antennas; Parabolic antennas; Half angle.

- Vil —

Collection @ kmou



Tor

4o
=0

el

oF

iy ¢EY A % 74

o
Tor
=
E!

Tor
50
fje)

o

Ag B AH A

o)
=

oF
(¢}

of w2} 9]

i

xe)
=

7}

o

=

o a5z

1

EX
fas

¢}

. BHE

=R

)

!

tar -4

S

i FhA 29 G-

o

ot
9

U te etHyE A

T

0
pal

sheith. OF el e

el 9199 A

ey
5

ol

3¢

Eil

g9y FHvE

3L
=

EEEEE

9

e ol

TICRA CHAMP<}

E'_]_—

3T

=

]

o
1l

=

wof . 2
=

ol
=

SkA H

S

K

3

M= FA4=EH, A=

el 2729

= oHHYE

3

=
=

ARFE

22|

dolig s, 2

CST MWSE Al&3le] Al&E

A

— viii —

bk,

[<]

Collection @ kmou



AlEEeld dvtel 54 AAE wlaste] Ku W=k Ka WE wele <
Hu des gdsialnh. Aztd tHvE Ku WE tioolA 41dB, Ka WM
= gidellA 43dB A4 o534 2.23° Wl AAE zte o U9 tEuR
e AT T i o3 e AdE YeEhiith

gAof: 9148 WS HE 75 v WS <tEYy JhA Q] kel o)et
=eb rElvh Wl 7t

lo

_iX_

Collection @ kmou



A &

A 1%

11 78 A

K

i

4, A3 o) Fol el Aol Ux 9

[e]

s

K

A

H
4o
[=¢]

Heste] o

-
o

o 5-

A WAl Fro 2 A QtElve] el o

A%

&

< AN A FHe] v B FA77F AA

Al
-l

5 A% 3

2l

§-l_

=

el

uze)

oF

p—

To
-

HD(High

d

o w94

1

kel
=4

713

=

o

A 2~7}

o

L

A=

AgE Mu2rt 3RS AT Qe wE a7

Definition)o] 9] H3F= o] $Ti[2].

A

p—
L

bol fgh4 ol et

X

= ARAE g

FHOE a7H
ZHA A . a2dEE FR EA £g9 437}

oz
=

Bl

4

il

o

o wet, 9449

3}
=

7}

=

o

[e) <R
=1

ol

R

=
T

el

A o

A

hud

A}, 9149

ol ox 9

ey

glofo}
shof Qrelute] 4sp 3]

9

o M= w4

O~
T

=

-H 15

Al
, °lZ <

R

-

Erl,

0] x]

o
TE

Bl Eas
oJuA Ho] A= Qtely A& HASA HER ME GUE

Ao Yo ERH ATH
2 4]

o

=
T

=
=

7}

o U grElvie) @

t:;l.

2 #4879

o]

el

Bl

I Al =

3]

94 TV

2

™

=
25

Fubel ehelLh

S

A=

/Ké] A

o
Gl

1

7N

Hip

1A

)
yil

Bl vtol] o)

o7

3r

o35 o

AT7F A= T3]

Hip

¥

Collection @ kmou

I = elol A o

9

%



B oERdAE 945E RE 4408 1558 54 Sgdes 448 & gk
04F oY dHUE TR Aok 0F WY dEdE AHEY ol NEES
3

AutR oz, 94 Agel Fe] el A4S B
AHERZ FH SAHE Aol AEEL A
FoPHe AF ASAA F7HH A 8T tRo] B
o) o A% £A s F Astete ARE 29

£ 94 Aeld Z4=2 oF Yy ey 2e )
U

")
L
o]r[
l-ﬂl

Hr o] oyt Ak =4 %’iol ARERZ FEH FA5e g ¥F Az ds) A
S21o] 715 uegl AAEA AdeHoz FAlste] nFEHY AUES AHo] T
A=y

o)

¥ =RoAE FAAE(GEO) 4ol 4 shtsl Ku M= 94% F el Ka W
= fyosne $UHE AEE FAN FAN/] A AT St 2H B
o

2 139 53 J= 58 dAF A 3

5% dE e 309 94 AEE 5487 A8 e W= Fo| N FAH
e % 7)) Ka W= JE E Abold] X35, B
AR steltel ela) WALE 94 AEE SAEA e, GrA A4 AEe

e A% (9F 299 AS FASL e 94, dF 01 (99°, 101°, 103 °) 3 7K <]
z |

AMEZ FH 4749 Zold Adsso] AEHA Ao

2 =S 5%es 7450 Atk WA 2FdE 8EEY HEdF TVRO 71
T4 849 Ve % A4 s S ol8F AHEH §8E A8 AFE H
A W8S Zlsstlen, 3gdAes 949 B AAde 83 vF Uy <
u AA 2 A diE eSS 7SS 48 e 3R dAE g5 tey <
Hus dAZ 73t 948 W 54 2 e 38 s F2 S4e Y 3
fow, 5N dEe A=t

— 2 —

Collection @ kmou



A2 A4EEHR TVRO Al&H

A Atsle 1FZY HErgol =& AFHuA ste AREAS] a9
Aztel g d9 A& Al I &5 SR f - FA WESTA Mul=e o
o] FFEo] AAl, oJuAML, ofd wiA|o] ddglo] nFA] W& HE Wt A

5 A2 n@IFAY AFLSE F Ade FHFHE 2 (Ubiquitous) At S 2@ 7tx
U] 531, WE A4 T4 AAS ol &S UAE ALE MuHlaes dRE AL
o A FAS FHLE AAHS T UES TASE MHIEEA, JuFasEd
(Orthogonal Frequency Division Multiplexing, OFDM) ¥z W23 A2 B35 Hx
(Pulse Code Modulation, PCM) ZX|& AR&3Fo 22 7]E obd= 1 Wro] ztal H
A4 F4 €3 3 dAE T ASHE S5 V‘ Al BHoh g RS &

oS WEG 5 A FAHS A A2 FA Aol Ths]

A, 9NEe A4 dEL 8 A4S £A7) 4
A7) BE A 5 AA daoa @9 s i Ws Ropd Az UAd
Bty Yo UAY A8 olFol UAE P&, Holy W, HDTVE oL
£ AW TV S A A gFos A8l H ]

—

ash geel I A48

o, M

Fig. 13 2] 914 Srelvt A28 Z%e] Ad 747 29532 49nd A 3
2 294%0] 37}, BT WRSD Qo] FEI A4 dHL A2Y A 1A
BPE L 4 Glom, A F e PN B 4R, FUS AANE AE w
ol glom, vFe A% FA-ZA-FA o FFL Holn QJon, T FUNF
2 AvER Vo] 479%2 AP V1% Ar) AFOR 94 AE 2" &S
F3tn = AeZ YyEelytor, o] 194%, FHol 17.5%, YEo] 151%=2 H|s$
d pzo 29 HFE Holn Jee & 5 ATHY]

Collection @ kmou



—— O/F 7ol o/e =4

200 /

- 150

=

A

A 100 oy

— f

~ preO=]

2 [ ——— -—-:*
50

2010 2011 2012 2013 2014
SHUE
EEETH —p=itE —a=03F ZE em=pH

Fig. 1 Trend of satellite antenna system development

AEES AT AFZHOZRE 9F 37 6,000 Km %39 BA #l%E(Geostationary
Orbit, GEO)dll 9] X8 <494 (Broadcasting Satellite, BS)S ©]-83}a] ®uld w3
o]y} PCM(Pulse Code Modulation) W% 5 o8 ¥+S AH e 2S gvsich
Fig. 2= 949 A=e o] wat 273 gl

I A
7 3%F 6,000Km

T A A
(GEQ)

A=
© (GEQ)

Fig. 2 Classifications of Satellite

Collection @ kmou



W AuAE F B2 wAE AX 29 259 A9 15 Fa OAE B
melole] BARQ Mu 27} o] FolX 7] AR AL 190 Fure F)Ho 914
45 o A 5B L THB].

19949 649 "= HughesAte] AlAl Hx9 dHAE  $49%%<Q] DIRECTVS
USSB(United States Satellite Broadcasting)‘ﬂ A 3L AFESEE 1507000 7k =2
ak9 gAd gAE TVHEESS A1&% & 19949 DIRECTVRE AFE YXAE oA
g AEE RAE AFeR F7 7] 2829 Canal+7h 1996 49 AR 914
MAZoZA tad fgAd WwF AE 7P WA AEssiA HAa, o F
2] DVB(Digital Video Broadcasting) ¢ DAB(Digital Audio Broadcasting) 5 &4
QA S A&t o]Folxon, IS 199 PERFECT TV7F HAg 944
S AAFAR], el E 199%'d 79HE KBSolAM A&t AY wES A
AlSFATH10]. Table 12 F8 =7 4%E ZHAI7IE e Fo|th

o
ofy
o

Jo

ofy

Table 1 Launch date of satellite digital broadcasting services

=
E<B K U J F G C A E S P N
= R S P U S E L L
s

)
W
=

WX | 2002 | 1994 | 1997 | 1996 | 1998 | 1994 | 1997 | 1997 | 1996 | 1997 | 1996

A0S Au2=E el A4 71541 A 3 (International Telecommunication Un
FuE @9 WA Hed, o)y AL e )
T 52 wet Fuae 9SS FuistAY e

559 = g
AQE Fo5 deol oisl Aeldow Fon Aon PuFoM, Fos AN
I =

19773 MA F4 54 3% 39 (World Administrative Radio Conference, WAR
QoA Fu dF Ago] o] 7R 574 Ad TGS dFHo=E 3l FH
7~125GHz, o}Ao}= 11.7~122GHz7b B on, tAd 94
o & 25GHz 9# 12GHz W go] 75 o] o] F 12GHzE 7}
Ak AAZ A 9SS AR HE Fo 91 700 MHz
Ho w2 %‘—4#01 12 GHzW & AHE-3te] 27 MHz9] 3 i WES star ATH12].

Collection @ kmou



Fig. 3, Fig. 4= 1977'd WARCHA Fut &
G 2ulel sl Ao® A= B AAEY U@ T8 542
78 Mg B 48 4UT FUE APTETA 9T
ko3
%

Satellite Broadcasting, BSB)©] o= AHuj o]

oft
X
ot
oft
>
N
o
r®
Hl
)
il
o
AN

<l

8 oAl AFEE S ARE s Alde] e SRS AT dE 718 FAe giEE
S #A38A HAtE. WARC BCSAT- 77 39S E&) A1AFL 11.7~125 GHz W F
B 9S 1918 MHz 202 AAdL 27MHz g Z o2 40xg, A= 6° 7H4

o2 AA=ATH13].

N

Fig. 3 WARC 1977 Footprint For UK, France and Luxembourg

4 8 12 16 20 24 28 32 36 40
Ll | ] ] | |

UK Channets
11,7275 12,4755
Wiz _19.18MHz MHz
[ e
27 MHz i >150B
Wanted Chéannel Adjacent Channel
: Other Satellite
or Other
Polarisation

Fig. 4 The main features of the WARC plan of 1977

Collection @ kmou



oME A AAZ Fig. 59 o] 37) ANdew EFsPT A1 AL FHH

U i

g7, & obrol B FHI/IAY, A2AHE vlw T EE ot A3 H
E s, fElvets 2T ofAol A FS T, 48, AE B IF 5

0 7oz FEF ATHI4] A1ASE Z A3A G2 600 MHz o] S (21.4~22

27y ddEo] Ut

IT

[kl

o}

Y

o

& T
A3AS 9
GHz), A 249 @& o}vg]7}= 500 MHz ] 9(17.3~17.8 GHz)°]

FFe A3AY ) 47goE AFso] Ak

(b) ITU region map

Fig. 5 ITU zone & region map

Collection @ kmou



UERa glow, 12

Table 2= 3709 Ago =z EFH =7} s
% —%4 Weloz Aol Ag

=:]
=
GHz, 41 GHz, 85 GHz W <o] W% 994 4F-9

Ha dee & T Utk

Table 2 Frequency distribution table

XY H 1xAd H 2XA H 3xo
) s Hofu 2|7 OFA|OF S
ot 2|7} 2 H|otL|of o
Fapery &
Bk Bk 20| "HA s del
wE ks nks} Ekan2 O[831Y 25
520~790MHz ols 0= ESYE=IN|
2L 2)gof| 24
ks ks Pl= (INDOSAT)
o|SESE ols M) o 580 X2 0|2t HEHARLAB-SAT)
2.5~2.69GH: | && 98 olsE= ols Hel) 35 FHUE 2l (1995)
2 2d
= M3 A" 2.5~2.535GHZ
11.7~12.5GHz 12.1~12.3GHz 12.7~-12.3GHz QU= gk BS-2 channel
R aF 8o Xty | 2" OlM 2E =2 A
nks| ols(Z=s 0l= H2) o|s(E= 0olF H2)
OlE(=E ol H2) s 24E 9d ghs, 2E 9 S Tved1zel v
g2 9 SAT-1(1937) &3 =
12GHz 12.3~12.7GHz A
%, 0I5”°“-I1I.QI) 12.5~12.75GHz
2E BE 9l aE 0FE g M ZZ2A Vv 1= ¢
g0l X723 TDF-1 Z3 =4 #A|
o|Z(23 0= H 2 (1997)
2 28
0H 0|F 9] 7h(22.55~23GH:)
22.5~23GHz :]i %,_lljgﬂg € )
45
40.5~42.5GHz 25 98, wE, 1FE, Ol
84~85GH:z 1, 05, EE, s 9l

Collection @ kmou



2.2 TVRO A|=H9] /]88

ABBAE W Ao AF= SFF3t e 948 Aloldle FERE Ao

4% & F = dF(Radio wave)Z A4

9}010]: dt}[w] Flg 63 o] 44 A F(Land Earth Station, LES)l| M= &4 4
= t

molH ZAE 0m FEe] 2 HHlUE o gl A4 APHA wETolA A%
Gk B oA ASE £ dHY, FA7], SAEY 52 BAD AR AL A4
FAl FElUE A3t GHzY dl33te 2 Hgoz A4S T das FH2ls
o AN e $4 AFFOEHRE B2 RF A5 E FAVIZE FEHsta FI4E W
gato] F4 RFHUE S8 AAF ARS Fell A8 Aok olFHA XS T F4)
9 RF As= AR #4018 HHuE T3 FAlE] IF Fa4E Hid & $A75
3 HAs] SF Adtes As Y o9y Y A= AALHL A IF As
2 HxE § FFAclE, BAClE, A vrelamdeln Fo HFE FrE FIA F4A
AFmor AFHA ot AALES FAE7] A F£4A0E ekl AlEHh2(Set
Top Box, STB), F4 ¥ $47] o] Qs

DVB service
platform

Interactive
service
platform

Network
and
authentication

Return channel

Fig. 6 Components of a satellite—based digital broadcast system
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Table 3 Fixed—satellite service (HD—FSS) frequency distribution

Frequency band(GHz) Region Frequency band(GHz) Region

1 17.3~17.7 1 1 27.5~27.82 1

2 18.3~19.3 2 2 28.35~28.45 2

3 19.7~20.2 All 3 28.45~28.94 All

4 39.5~40 1 4 28.94~29.1 2,3

5 40~40.5 All 5 29.25~29.46 2

6 40.5~42 2 6 29.46~30 All

7 47.5~47.9 1 7 48.2~50.2 2

8 48.2~48.54 1

9 49.44~50.2 1

(a) downlink (Satellite to Earth) (b) uplink (Earth to Satellite)
Kot g Z3 Qo) A4 wfiEol ol
Ae gAd WF (High Definition,
o]\ o] TVRO(Television receive-only)<
P21 FSS(Fixed Satellite Service) 3 4o ZHEH 94
AFetrl Al HrlolA F2 ASEHE BolRAT, dA= LR F
A AN2HS S5t AREHAL jlon, Ao ZRE AN A A5 s
-

ARG A58 SH U A &FS o]t

Al ETV

A
ESLS 1E

18
o

WAl wls) Z2ad F
v A2 AED T U=

PrimeStar, USSB, Bell TV, DIRECTV®, Dish Network &
= Sky TVSF 2 A e 94 TV Az =9
2 29} Al A 2RAAE 94 FAL 8] AR F
8 Fo] HAT o]gt AMulEE o]0 2 A Y| DBS(Direct Broadcast Satellite)
AE ®F (DVB-S, MPEG-2, MPEG4)< 7|Hte 2 dta )

FesiEol Qo] WEAAAS Qake WA AAANA Al
AF3he f3zZy =409l CAS(Conditional Access
& STB/} Badlt). Fig. 8& 14 TV A2%9] U39l STB Alxde 25%

m{o
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Fig. 9 Satellite TV system block diagram
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2.3 4% U9 el did 43 a7

OF Wy GHve dA7EA gl eellA g Aot JfgEo] gk O 4=,
X/Ku e o5 W & 2AL o] gE49H dEHue 45, X = & A (circular
polarization), Ku M= 43 H3}(Linear polarization)d] ¥ W9 §54& Z+= 98 =3
3 HEZE F34 2 ¥ A2 BY ME HEIAEHE AHEste 2S5 E FAlEE
Wl 2EYEHY HAo] 098mel Adute] AAEAE tEvrE JiEE AbElZE 9L
[18]. T3, C/X WiE=<Ql 35~10GHzY A3 E FAlo] 7bsdh vl 2ZHg 2 7o)
25m, B ZZdH HHo] 03me vF WY & T 2E9H dHvE 7HE
v ATH19]. X/Ku®t Ka 3% g9 A9 AsE $574 & + e FH=EE 2%

o9 X/Ka W= ¥=E E3 @Y o Ku = = &, 35 dY Fu4 A9
(Frequency selective surface, FSS) S48 2= AMBE gZHE o dl EFHHE 74
dH 08mue 54 dHetEg Wl dE9H HHYrE 7FEE BF AH20]

A4 TV ¢tHY AxPA e AE&Fo 2= DIRECTV®S HD % SDE Z2IHS
WEste Al 7HA F8 A4 s SAlG F4 & F de 1my o g ey
91 KVHA}2] TracVision HD113} SeaTelAk2] 100 TVHD <telu Alx=®lo] ZA1€ u}f
ATH21],[22].

KVHAFS] TracVision HD112] ¢l #]ZdH H7]= ¢F 1mE Ku W= <4< 107
~12.75GHz9} Ka W= )Y 183~202GHz9 94 A5 40 713lH, Fig. 103
Zol A= Qe HElE o8l F= T ME FZHE Alolo FHAE AFE

shol Wo] FolA Ushe AFAY W FL e 5571%0] HEH ATtk

|

Fig. 10 Seatel HD11 Feed horn assembly
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KVH TracVision HD11%} SeaTel 100 TVHDS] #| <1<l Table 42} Table 52} Zo] H
ol gZHEH AEL HF 1m WE, Ku/Ka FI3 i3 f8 5P EALEE

(Effective isotropic radiated power, EIRP)o] &d3gt F+F< S & & 3

Table 4 Typical Data for KVH TracVision HD11

Ria=s Al
- Manufacturer KVH
\ Model tracvision hdl1
Diameter (cm) 105.4
Ku | 10.7 ~ 12.75GHz
Frequency Ka 18.3 ~ 18.8 GHz
X 19.7 ~ 20.2 GHz
Ku | 42 dBW
EIRP
Ka | 45 dBW
Weight 91 kg

Table 5 Typical Data for SeaTel 100 TVHD

g A9
Manufacturer SeaTel
Model 100 TVHD
Diameter (cm) 106.6
Ku | 10.7 ~ 12.75 GHz
Frequency Ka 18.3 ~ 18.8 GHz
19.7 ~ 20.2 GHz
EIRP Ku | 42 dBW
Ka | 45 dBW
Weight 104 kg
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3.1 KuwKa W= bZF g gy AAAY
0% tde 98 stee] deE mle]laz~EY <, ogo] ey fld% ok
2 oy 7tAe FHZ 72 4 Yoy}, B =RdME AA A 12Y, nAdY =4

2 neste] PEAY deuz TA}A ok

FE) GEAEE AA/HE WAT F =S FEOE WEoIAE Fvi, ot
ol 2RAPAN FEE AAr B A =

AELESEREER!

| 715 HE}ES

L
ol
[}

rot
=

Felvte] ElEFHE 9 WS FAHE 94 Ao A7l wel 22kt Table 6
e A47F 0.7dBE ¥HFZA QL Universal LNBE 7k Ku W= SHeHU2o] A £
wel o534 EIRP AA =7 2@etgdS Bolal vk Fig. 119 2] <telv =7]0)
e 3dB Y ZEmE A gIZ) o] 5o w3 Ao A Ka M= eIVl XA

oJEe HwH A Z Ku WE <H} BTp & A& & gl

rlo

=)

Table 6 EIRP values and Dish size

EIRP Field Intensity | Antenna diameter Gain (dE)
(dBW) {cm) (11GHz: 60% efficiency)
TABEW 75 36.5
46dBW &80 3r.1
45dBW 90 36.1
43dBW 100 39.0
42dBW 110 39.8
41dBW 120 40.6
39dBW 135 41.6
38dBW 150 42.5
3TABW 180 441
36dBW 240 46.6
35dBW 300 48.6
34dBW 355 20.0
33dBW 400 51.0
32dBW 450 52.1
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(a) 3 dB bandwidth comparison with antenna size
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(b) Gain comparison with antenna size

Fig. 11 Beam & Gain with vs. Antenna size
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2 =FdAe A48 TV A5E F4& 37 A s dg <daysE AAsH
sl HA Bl @A EAE AFH 5% A5 FF oS HXEE ok <HHY A
A Fx% Fig. 129} o] Wl 2EHE HAFe F

olo] Ku M= J= && F1 glow, = & AWF AH gEHdEHE Fol #4749
Ku/Ka 1= YAHEZ BH 2+ 4 A&7t vd dZHHe HE ZHHZ dhA}
Hol fdd W ddAZ 7489 Y = 5 T J= o7 FHS A qEHY
st Aol 370 oA A o] 7hed FAVE Al/betaat g

Ku

= o

Fig. 12 Dynamic beam tilting

AurEo R ©d st deuel dEAHE shie 2PTe AABE 0F o
o QL HASY) AANE N bE dgld BAsE Y AY A= £ o
A GEAE ] FA 2H WAL B, solvet An JEAE ) sebue
JzaEe 9@ T e 2He 2t AdIAN FE) AfdE Ax HAZqH
AYNEE A2 B3 Q7] AR oY Ao F= £ PR M S vk £,
A GEIEHE W ASaEe] ms s A4 AgEolor dAY As 4
M2 5u) o Holof My PEAHS] 4T A =Hvl, setEe FHUR )5S
A5 AsAE Qrelvke] AFo] Patst shgel 108 o) ¢ Hojol 4B WA
A,

ZhA ) T2 getEet dHUE gF e dEuE Fds, Akl Ak
Z£35 dast7] 98] Ka/Ku W= 914 ke W Az Wil 2298 = &
Atolo] 23 AL o3t v to FHUE AAGHoH, AA WHA EAs
Fig. 13 ¢} 2t}

Collection @ kmou



[ #1421 717 (Beam tilting) £ 4|

Single Ka-band antenna = A| Single Ku-band antenna = A|
Simulation & Z=| & &} | | Simulation |

I I
!

Multi-band antenna 3 7|

| Simulation & E| = 3} |
| Far-fieldtest & NS ZE

}

| a7t |

A

x4||
o

Fig. 13 Sequence of multi band antenna design & test procedure

AA ] AHEL /W Spot BeamS T AW Fdg XS FAHO
AsHA D AA 5320 &5l x99 DIRECTV®RS HD ©Ad ¥
Ka W= 9149 HD TV AZE F£4187] A&l 99°¢ 103° A9 7+28S 237

22,240 Miles

35,790 Km
y
” e - iy
S16miles
LAIT“S“km “Clark Belt™ )

Fig. 14 Distance between GEO satellites
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Table 7 Satellite tilt angle

(Bﬁfffhﬂl.) 99° - 101° 101° - 103°
Irvine (11) 2.2432 2.2451
Miami (15) 2.3032 2.2962
Boston (1) 2.2093 2.1961

Seattle (10) 2.176 2.1863
Average 2.2319°

61.5°W |[EchoStar 16 «u || 105.0°W |AMC 18 c
Star One C1 Anik F1IR CHu
65.0°W Eutelsat 65 West A A\\& e Anik G1 Ku
a0 Star One C2 CKL DirecTV 5 Ku
Star One C4 ku - 110.0°W [EchoStar 10 Ku
71.e°W |Arsat 1 u E r 11 s
72.7°W |Nimig 5 ku || 111.1°W |Anik F2 K
75.0°W [Star One C3 crull 113.0°W |Eutelsat 113 West A CHu
77.0°W |QuetzSat 1 Ku 4. EutelEﬁWestB c
78.8°W |Sky Mexico 1 ku | 116.3°W |Eutel 17 West A CKu
81.0°W |Arsat2 Ku Anik F3 Ku
82.0°W |Nimig 4 u || 119.0°W !DichVTS K
o [SES2 cre [EchoStar 14 Ku
TKSat 1 Ku || 121.0°W / Ciu
89.0°W |Galaxy 28 - 123.0°W |Galaxy 18 Cru
Galaxy 17 CKu AMC 21 K
9100w et 125.00W —— -
Nimig 6 Ku (Galaxy 14 c
97.0°W [Galaxy 19 cxu|| 127.0°W |Galaxy 13/Horizons 1 e
Galaxy 16 CKu o i &
e : 129.0°W |[Ciel 2 u
B W Dir 1 <= || 131.0°W [AMC 11 c
101.0°W C 133.0°W |Galaxy 15 c
E%acewag 1 & DirecTV 10/12 |- || 135.0°W [AMC 10 c
0’
R SES 3 crxuf 139.0°W |JAMC 8 c

Fig. 15 Distance between GEO satellites of North & South America
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2 M= oF e dEu A Al WA HEYY AR F 7je] Ka W=

M= 3 7 Alold] Ku ME F= E& T 9lon, Ku e g= 2 wel 2=
B Tl A, tElvY 2 WEFo®E 279 Ka W= HQl W& oF 223°
o) AAzte Ztes AT ot
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3.2 &Y ¥ Ka ¥iE= SHEILU AA

TICRA CHAMP ¢telu A7 =2 3382 Alg38te] Ka W= Stelv A7 A Ka Wl
= Fu o 183~18.8GHz, 19.7~202GHz 77 W9 A &A o]5S wEsx =
AAE7) 98] wWol fZdE e B gZdUE Alo)l2E 55 S0 A%S st A
§%] AYS Fusta] Table 83} o] A7 H}ulEE FAsA Alo]ze 1A A
¥1 F/DEF w3k ZhHalf angle)S W42 dte] iAW A Fig. 169+ 2ol 23 Ad
@Y Ka W= FEIYE AA AT

Table 8 Single Ka band antenna parameter

Parmeter Specification
Mode Ring focus
Type Cassegrain
Main Reflector diameter @ 1090mm
Lower 18GHz
Frequency Upper 21GHz
Center 19.5GHz
Main Reflector F/D 0.45
Sub Reflector diameter 0 185.3mm
Sub Reflector Ratio 0.17
Half Angle 55°
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G- | CHAMP - Ring-Focus / Axial Displaced Reflectors Wizard
Reflectors
Mode: Cassegrain Ring-focus ~
Centre Frequency: 190 iHz =
Main reflector diameter:  1,090,0 mm -
Main reflactor £/D: 0,45412844
Subreflector diameter
relative to main 17
reflector diamater:

Halt angle subtended 55
by subreflector at feed:
Use absolute or relative .
values: Gkt
Info.
Focal length: 0,495 m

Main reflector diameter: 1.09 m
Subreflector diameter: 0, 1853 m

deg -

Restore default values

[ Meut Cancel

(a) Single Ka band antenna parameters

@ 3D view of the homn design ? *

(b) Designed single Ka band antenna

Fig. 16 Single Ka band antenna design
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Z-AY S Y A &9 HE Yeli= F/D 2 <t U] 23 AY= WA &3
B A Zolo A A@B1oE YeH, IlE T A A 748 846 U
Tx¢ B3 Fig. 177 Ztoh

= — .2.1
/=6 (3.2.1)

Sub reflectqr diameter

Main reflector diameter :
1

A

Fig. 17 Structure & Name of parabolic antenna design elements

W F/DEF v= 3 AR gE9Eo -%H FAd 2z, W wkg Zhel uisto
el HZHE e B HEYE e AFL $L3 FANA AlEdelds Fall Fig 18
I o] Wit Zho] ARFF FAHe] f’Mﬂi, F/D3ke]l A-ASFE o|50] =olds
Fig. 195 &3l Z<lstdth. (F/D ¥ $: 025 < F/D < 0.35)
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(a) F/D: 0.45, Half angle: 45° (e) F/D: 0.45, Half angle: 25°

0.45, Half angle: 20°

/D: 0.45, Half angle: b‘NDU
(b) F/D: 0.45, @\“ f

) an-

>

(g) F/D: 0.45, Half angle: 10°

(d) F/D: 0.45, Half angle: 30°

Fig. 18 Tilting angle change according to the different of half angle
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Analysis_0003 — f — On-axis Directivity
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f— 1
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= ]
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a ]

o 1

"5 44.8

llU a

S 446

44.4

“I T T T T T 1
18.0 18.5 19.0 19.5 20.0 20.5 21.0
Frequency [GHz]
(a) F/D: 0.3, Half angle: 55°
Analysis_ 0005 — f — On-axis Directivity

—

S 455
=
Z
2
B
[}

@ 45.0
=
2
>
o
=

o 44_5 -

_\ T T T T T 1
18.0 18.5 19.0 19.5 20.0 20.5 21.0

Frequency [GHz]
(b) F/D: 0.26, Half angle: 55°

Fig. 19 Directivity change according to the different ratios of F/D
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Fig. 20& Ka band ¢HelU A7 3 183~18.8 GHz, 19.7~202GHz T3t W A4
I WxEAS F% Aotk MY A 4 A 374dBi ol VE

18.8 GHz ™ <} 43.8 dBi, 19.7~20.2 GHz t ol & 451dBiC & 7|F A%< =39
o, ote|ly} A% 74 whAlEA 18dB ol4 7|, 183~18.8GHz e 18dB, 19.7~
202 GHz, ¥l e 16~22dBE A%S W=

El Analysis_0002 — Rx — On-axis Directivity — Plat [21] =8 s =
bk G+ e
Analysis_0002 —+ Rx — On-axis Directivity

45.5

45.0

On-axis Directivity [dBi]

(LA S s St S s Sy B s s e ey B e e e e e o e |

18.0 18.5 19.0 20.0 20.5 21.0

18.5
Frequency [GHz]

(a) Axis directivity of designed single Ka band antenna

& Analysis 0002 — Rx = Returm 1085 — Plot (16} O s
Analysis_0002 — Rx — Return Loss

15.0

20.0 +

Return Loss [dB]

25.0

ST, T T T T T d

18.0 18.5 19.0 19.5
Frequency [GHz]

(b) Return loss of designed single Ka band antenna

Fig. 20 Directivity & Return loss of designed single Ka band antenna
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TICRA CHAMP A 7A
S zt= 2709 @Y Ka

MWSE AL88t 2% Ka W= tElUR Tds7] g8 AEe mdxe sl 94
S zbe] W 147 22319°9) g AT W AAAS ZEES W B F

oAl 252mm=E Al AlA W AHAMZ 223°F2 HZH3 F Ka WHE = 5

zRago g AAE gZ49E e F4
ME <Y 3= T AYS Fig 21, Fig. 229} #o] CST

ZolM A

oL

-

2

g ZdE HEoz AFYE 5~10mmE 2= AlEHAE B8 10mmE ©]F A
A &A o]5 44 dBiE zt+= 2% Ka W= <eHHUE AAsHA T

[ comenen.rooss sooz evss-

4

Eif casse1090_FD045_SD02_ETS5:Tablesw1D Results#Directivity,Phi=0.0*

(= =@](=]

\

45

44 -

42 -

40 -

38 |

36

34
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(-2:2687,44.337Wg" 5 40 o 1 N

Fig. 21 Offset & Radiation pattern (R) of single Ka band antenna
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Fig. 22 Offset & Radiation pattern (L) of single Ka band antenna
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3.3 @ WY Ku W= ey HA

@2 Ka W= otEL A9 U3 Wy o® TICRA CHAMP ¢Hel|lu A Az =13
= ARt vl HEHH Y AR AFE WeR e Ka W=t 10~13
GHz +#7F YoM Ku T= &9 XS 753 = Table 99 #©| F/DE 045, ®F
 ZF 55°9 <Y Al 84F FA435IY @Y Ku ME JEYUE AT

e

Table 9 Single Ku band antenna parameter

Parmeter Specification
Mode Ring focus
Type Cassegrain
Main Reflector diameter ? 1090mm
Lower 10GHz
Frequency Upper 13GHz
Center 11.5GHz
Main Reflector F/D 0.45
Sub Reflector diameter (1 185.3mm
Sub Reflector Ratio 0.17
Half Angle Gy °

0% g9 <HY A HEHE FF AF wAHE 9¢Y Ku M= J= EL
TFEHOE 2% Ka W= F= E7 IAFoR pFAHo 2R HT} UL 587
AFA ol5<5 #sl TICRA CHAMP ¢ty AAZ= 37 W Optimizationol] 2 4] ¢]
W gre] Zr FHol YjE Hw]l YgEYHE 4% ¥ Fig. 23, Fig. 249 2] HA s}

Fig. 25 7h 28] telue] W 28 HAEs HAselr] 9s) +ov AFL W
FE S 4Y PR A A 2Fol AF AU ZAY oY A A4 43 A
A olgalel )Ee] WYY $¥L nAFoRA Aol sp ol HHH @ 5
oAtk Fig. 269 2ol 43 A3 Fo AGYL ABAAL o 4F A o] SelAE
2 Aole QAAY o5 HHE 54 4 4FF AUt 7129 de meh
4 FEF AOE FUAsHAT

g -
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(a) Single Ku band antenna parameters

@) 3D view of the horn design ? x

(b) Designed single Ku band antenna

Fig. 23 Single Ku band antenna design
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Fig. 24 Main reflector shaping

. DESIGN PARABOLA
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Fig. 25 Effect of reflector on beam pointing
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Analysis_0001 — f — On-axis Directivity

On-axis Directivity [dBi]
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(a) Pre—design

Analysis_0003 — j — On-axis Directivity
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(b) Shaping completed

Fig. 26 Shaping design of cassegrain reflector antennas
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Fig. 272 ©< Ku W= <¢telue] 107~1225GHz e W Xy 2 wkx} &4
SAES g Aot <HHY A5 4 A 374 dBi °1F 7IE, 10.7~12.25GHz
oA 403dBi oIFo® VE Aes wEEen, tHY 4% 74 WARE4A 13dB
ol 7], 10.7~12.25 GHz ¥ ol 13dBi o]0 2 715 A%S W53

& Analysis 0027 — f — On-axis Directivity — Plot [24] [E=8 KR ==
€0 Ov |G]d 2 B
Analysis_0027 — f —+ On-axis Directivity

=

=

wn
L

m-axIsEIrectlvlt‘f [dBi]
o
L

&

410 | 115 | 120 125
Frequency [GHz]

(a) Axis directivity of designed single Ku band antenna

Analvsis 0027 — f — Return Loss
12.0- D O O \

11.0 115 12.0 125
Frequency [GHz]

(b) Return loss of of designed single Ku band antenna
Fig. 27 Directivity & Return loss of single Ku band antenna
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3.4 KuKa W= oz tg HY AA

GEO®| 14 4= el of 2° bAR 7 2H AAE CST MWS= A1
2% Ka W= <tEUe} TICRA CHAMP <tHY A7 Z2 o2 Ku WE9 540
#HA3g € 9 Ku W= AHUE tF d telvz mdgsty] fs) CST MWSE
AH&-3FA T

A7Z stk Fig. 28, Fig. 299 7] 2% Ka
= EdsA AR YZdE g 214

T 43.75dBe] A FA I FAMZ 22305 wHEER AL,
ZaE WEo R 65mm 2HE W Ku-band At
o] Ka/Ku M= 03 d9 548 e JdHvs 27439

Fig. 307 #o] o5 W ¢telue] 25 Ka WE v= &2 MB g ZdE Wae
10mm 23 AYE Z2HAN F 21 AE tuning 817] A3} Bl A] 18.55 GHzoll A
71& 422dBi B Hd 43.75dBiZ F 1.55dB MAHATL AALE ok +0.18° o] FA]
71 3 22319°% 33} =

18.3~18.8 GHzoll A A &4 o5 420dBi A =% tin] 1.7dB o] o g wEag]
31, 19.7~202GHzollME A &A o5 43.0dBi A =3 div] 1.85dB ©]4e] A4
o g g5 Y relyel Ka e A 2% 71F 5SS wE39nh

Ku Wi= 3= &2 Fig 313 o] AMB I 6
GHzolA 7]& tiHl o 215dB WA ES sttt A3 o5 40dBid] 2A &3
thHl 1dB o]&49 mirle g b te tEuY Ku EdAE 53 Hes = 3
At Fig. 32+ A" Ku/Ka W= tF dl9 e Yo 2ol
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[E= 25521090 _FDO45_SD017_ETSS ka_triple Re tune Re kaf.. [ o || © |[ =2 §if casse1090_FD045_SD017_ETS5 ka_triple_Re_tune Re kaf... o [[8]f=
T
Directivicy, 2 A=0.0_18.55
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Fig. 28 Ka band Feed Horn Focus Tuning
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Fig. 29 Ku band feed horn focus tuning
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(a) Gain & tilt angle of original (f=18.55 GHz)
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(b) Gain & tilt angle of modified Ka band antenna (f=18.55 GHz)
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(¢) Gain & tilt angle of single Ka band (f=19.95 GHz)
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Fig. 30 Comparison of Ka band feed horn directivity
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Fig. 34 Focus tuning method & Intial value
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Table 10 Radiation pattern of multi band antenna

Collection @ kmou

Band Frequency Direction Focus st Slde[(ll‘]gi?e Level
18.85GHz Azimuth 32mm 1155
K 16.85GHz Elevation 32mm 13.13
a
19.95GHz Azimuth 32mm 10.7
19.95GHz Elevation 32mm 14.42
¥ 12.5GHz Azimuth 32mm 17.36
. 12.5GHz Elevation 32mm 17.09
Table 11 Ka feed horn tilt angle of multi band antenna
Band Frequency Direction Focus Tilt angle
Ka 18.65GHz Tilt 32mm 2.22
Ka 19.95GHz Tilt 32mm 2,22
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AA A ZHE dF iy ey NS F4 HAes HI7LE 93] 116 °Eol A
st 5] Ku W= 94?0 Koreasat6(Frequency: 11,747~12,730 MHz) $14 215 & ©]§
st Ku WiE o2 ¥ o vl 2E o J5r2 SHs AT

T

durg o g C/NE 25dB ©]4, SNRS 43 25dB, &% 30dB ©]3S Adoz #
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(a) Koreasat6 C/N & SN (b) Tracking satellite (Koreasat6)

Fig. 38 Test configuration & result

Table 12 Koreasat6 C/N & SNR

Transponder | C/NLdE] Transponder 1st 2nd 3rd TP_Avg.
TP1 28.76 TP1 18.90 18.80 18.90 18.87dB
TP2 29.74 P2 20.00 20.00 20.00 20.00dB
TP3 29.41 TP3 19.90 20.60 19.90 20.13dB
TP4 29.92 TP4 18.80 15.80 18.50 18.50dB
TPS 30.27 TP5 19.80 19.90 20.60 20.10dB
TP6 28.80 TP6 18.90 19.70 19.70 19.43dB
Avg. 29.48 Avg. 19.38dB 19.63dB 19.65dB 19.55dB
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2° Tilt angles 717 A Ka/Ku 9149 4

A3l Fig. 399} Zo] ®lx California Irvinedl A Ka W1= £14& 99°9} 103 ° 94, Ku
HE AL 101 ° A2 TV Al As F2S SR I =s A7 &

3l SNR 2 C/N 59 54 452 249 sgong nz dAdqAe dAd 94
W& F4171%1 STBE dZstd d= &3 &9y 19 23 HASS THeE 3
o AAZ FAHeE WE ALY A AE T SFsted 548 7

v = (Irvine)ol 9] Ka/Ku WE o5 o9 <tEUe 2s #4 =
103° YAS Aoz dle] DIRECTVRY FA712 5a AFHe 54 4x 2
ZZ F£FE 7F0 2 Q5o W, Table 138 #Zo] AxE +X2 YelAtt.

Table 13 Ka/Ku band signal quality measurement result

No. Band Ka Ka Ku Ka Ka
Transponder | 99°(cb) 99° (ca) 101° 103° (cb) | 103° (ca)
1 796 86.2 954 80.3 816
2 75.1 82.8 96.9 779 827
Qﬁ‘;ﬁ:‘;"f’(% 7735% | 8450% | 96.15% | 79.10% | 82.15%
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