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Abstract

The use of satellite broadcasting (BS broadcasting) is
greatly desired not only at home but also in automobiles.
Thisis because the BS broadcasting has picture and
sound qualities much higher than those of terrestrial
broadcasting and covers th whole country on an
identical channel. To receive BS broadcasting, however,
an antennawith ahigh gain is necessary; then it has a
sharp directivity. Consequently, afacility to precisely
track a satellite isindispensable for an automotive BS
receiving antenna system. It is also necessary to make
the antenna system as small and low profile as possible
in order to solve a problem for mounting. This paper
reports the extremely small and high-performance BS
receiving antenna system developed for mounting on

ooooo

compact cars. The antenna system measures 400 mm in
diameter and 29 mm in height, which is extremely thin
in comparison with conventional antenna systems. In
order to complete the small size and the low profile, an
annular ring microstrip antenna element, whichisa
basic component for receiving the radio wave, and a
high-efficiency array antenna with awide and tilt beam
have been developed. In addition, the antenna structure
became drastically simple by developing afeed probe
which omits a conventional rotary joint and a direct
drive mode which rotates the array antennaitself by a
motor. Moreover, the results of afield experiment
clarify that enough receiving performance is obtained by
using the devel oped satellite tracking algorithm.
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Fig. 1  Structure of conventional antenna systems.



oOooOoOoDoDoOooooooboooorrPoooon
googoooooooooboboobobobbon
gogooooooooooobbobobooboon
ugoooooooooooboobooboboboboon
dgogooogooooooobooobobobbon
goooooooooooobbobobobbon
gogooooooooooooboboobobobobon
dogooouooogoooooboboobobobbon
goooooooooooobbobobobobbon
gbooobooooooo
OO00O00ORg ()OO0 OOODOODOODOO
goooooooooooobboboboboboon
ggogoooooooooboboobobobbibon
gogooooooooooobboboboobon
uooooooooooooboobooboboboboon
oobooobooooOoboooooooo (5000
UH)oooooobooooboboooooobog
ggoooooooooooboboobobobobon
goooouoouooooobooobobobbon
oobooobobooobooobboooboo
dooooooooooobooboobobobobon
obooooooobobo"bobuoboooog
uobooobobooobooobobooooboo
oooobooboooooooooooooobo (oo )o
goooooooooooobbobobobbon
gogooooooooooooboboobobobobon
dogooouooogoooooboboobobobbon
oboooboooooobgooboon
OO0O000O0DFg () ODOOOOOODOO
gobooooooboooobbooooboog
goooooooooooobbobbobobon
obooboobooboobobooooesbod
gooobooboobooboon

nogobooBesOoonoooooon

301 DOoo
gooogorooooooooooooog
(BS4)OoouooobDooboooooossoOO
oogooooooooooobbobobbobbon
ugog
gooooobbooooooooooboboo
oooooooooooooboboobooboboon

25

O000do0oDoDoo0ooooDooooooog
(CIN)O7dBOOOODOOODOOOODOOOODO
000000000000 o0D0oo0ooooDoog
O00ddooooooooooooooOoggo
280 475°0 0 00000002dBIDOOOOO
00dd0do0o0o0o0oopoooOoDo1o0dBOOOOO
0000000000 oOoooooooOoooog
O000Doooooooo25dBO000000
0oooooDooooooood4oe/si0onon
O000oo0ooooooooDooooooog
000000000000 0000Fg. 1(@uod
O000d0oDoDoO0ooooDooOooooog
O0000o0ooooooooooooooog
000000000000 o0D0o0ooooDoog
O00ddooooooooooooooOoggo
0 600mmx [0 0 O 400mmx 0O 0O 50mm0O 0 0O 0O O
kg OODOOOOODOO0O

Fig. 200 DO0OODOODODODOODOOOO
Oo00o0oooooooooooooooood
0000000000000 00D00O000Fg. 2
O0000o0ooooooooooooooog
000000000000 o0oDo0ooOooooog
O000dooDooOooooDoDooOooooog
O000ooooooooooooooooog
000000000 000o0oDooOooooDoog
O0000d0ooDooooooDooOooooog
oo3xsommOO000D000O00Oooooooog

Beam tilt

Circular planar
array antenna

Direct drive by
step motor

Fig. 2  Structure and features of proposed antenna

system.

0000000 R&DOODODOOV. 32 No.1 (1997.3)



26

gbooooooooobboooobooboobod

600 000ooooooooobooooon
goodoooooooooooobobobobon
goddooooooooooooboboooon
goddooouououououooooobooooobob
gobooobobooobooboobon

302 OoOooog

Fig. 300 00O0O0O0OOoOo0ooDoOoood
gooooooooooooooobbbbob
oboooobbi1zcHzOOODODOOOO0ODOOO

godicGHzOOODOoOOoOoooooooz200000d

goooesOO0boOOOoooooooOoOooan
goddooooouououooooobobooob
goodoooooooooooobobobon
gododooooooooooooboboobon
goddooooguguouooooobooobob
gobooboobooboobooog

O0O00OO00bOO0OO0OFRg. 4000000ODOO
guddoooououguouooooobooobob
gooooooooooooooobbbbobon
gdoddooooooooooooboboooob
goodoooooooooooobbobboon
gododoooooooooooobooboobooon
gododooooooouoooooboboooob
goodooooooooooooobobbbon
goddoooooooooooooobobooob
goddoooououououooooobooobob
gooooooooooooooobbbbbon
goooooogboz2zomUi0onooooooon

é:Molor

I Outdoor unitl

Circular planar

Converter

Receiver

Signal level
detector

~ Controller

AD
e
N\
yroscope]

Y
DBS tuner
Y

IT \4 monitorl

i Indoor unit 1|

Fig. 3 Block diagram of antenna system.

0000000 R&DOODOOV. 32 No.1 (1997.3)

oo0ooooooooooog

303 ODOOoOoooooo

30301 000OOOoDoobooobOon
oo0ooOoOooooobObOoooobooooo
oooooooobooooboboooboooo
00000 (Radia line array antenna, RLAA ) O O
0O00OogreP"fMFig. 50 RLAADODOODODO
RLAADOODOOODOO0ODODODOO200000
000D000o0oooOo0ooooooOoooooog
oo0oOooooobOooobobobooooooo
0o0ooo0ooooooooooooooood
000D0o00o0ooDOo0oOooooboooooog

Feeding probe Planar array antenna

I \ 400mm ¢ / N
™ N 4 g
| I L R L
A Converter

\

Step motor

Bearing

Base plate

Fig. 4 Cross sectional view of outdoor unit.

Antenna element

Feed probe

Feed pin

Radial waveguide

Fig. 5 Configuration of radial line array antenna.



goooooooooooobbobbobobon
gogogoooooooooooboboobobobbon
gobooobooobooobooobboagn
uooooooooooooboobooboboboboon
ggogouoogooooooobooobobobbon
gboooooobooboobgboo

UbodbORLAADODOOOOOO0OOOO0DOOO0
googoooooooooobooobobobbon
ooooooooooooobbobbobbon
ooooooooooooboboobobobobon
gogooooooooooobboboobooboon
goooooooooooobboboboboboon
gboobuoobooobooobgoobon

gooooobbbobooooooooobobo
uoooooooooooobobooboboboboon
ogoooooooooooooooboosoood
goooooooooooobbobbobbon
gooooooooooobooboobobobobon
gbobgooobobgooseeobobgnog
goooooooooooobbobobbobbon
ooooooooooooooooooost4mmd
goooooooooooobboboooboon
tdodoooooooooooooooooon
goog

oooooobobooooooooobobDo
uooooooooooooboboobobobobon
doogoogoooooobooobobobbon
ooooobbooobooobooooboooboo
RLAAODOOOUOOOOOOO0O0O0ODOOO0O0O04
goobooooooboooobbooooboo
goooooooooooobbobbobobon
godooooooooooooboboobobobbon
ggooooooooooobboboboobon
o°"O000o00o0oo0ob0oboboOobooooo
googouooguooooooooobbobbibon
goooooooooooobbobobobobbon
uooooooooooooboboobobobobon
goooouoogooooooboboobobobbon
goooooooooooobbobbobbon
gboboobobz200b0oboboboogoonog
gogooooooooooobboboooboon
gooooo

27

30302 O0OOOOO
0000000000000 O0O0 (Microstrip
antenna, MSA ) O O OO OO RLAA"PPRIO OO
MSAODOOODODOODOO (OOoobDooo)yoo
OoOo0oboobOoobooomMsAODDDOOoOoDOO
0000000 oDoO0o0ooooDoDooooooog
O000O00ooOoObOOoooobDOooooooDooog
oo0ooooooboboooobooobooboboo
000000000000 oDOO0ooooooog
OO0o0o0oO0oOoobOoobOooooMsAODDOO
0000000000 ooooooogd (Annular
ring microstrip antenng, ARMSA )0 OO0 O0OOO
O0OFg. 6000000000O0ODOODOOOODOO
200 00000000000 (Microstrip line,
MSL)OOODOOODODOOODODODOOoOOoOoOOoooo
ARMSAO O ODOO0OO0OOD0OOOOODOODODOO
0000000 oO0oO00oooDOooOooooog
Oo0o00oooooObOooooboooooDboo
gbooboooooMsLOboboobvaobnonDO
O000O00O00ARMSAODODOODOOODOO
Oo0o00oooboobObOoooobbooobooDboo
OO0OO0ARMSAO ODOO200MSLOOOODOO0
OO00000O0Db200000000000000
Oo0oOoooboobbOoooobooobooboo
O00DOooooooMsSLODODOOOO0OOoQd
goOoDzo0QO0OOooOoooobooogoMsLd
oo0oooobobbooooboooooboo
000000000 0O0ARMSADODOOOODOO
DooOooooooseoMsSLOOOOooDOOO
gooi1ooQidobobododARMSAOODODOOO
ooooTMu,00000000000D000MSA

Microstrip feed lines

Feed point

Radiator
element

Fig. 6  Annular ring microstrip antenna ( ARMSA )

element.

0000000 R&DOODODOOV. 32 No.1 (1997.3)



28

gboboobobooobobooo4su0noooon
gdddooooououooooooboboooob
goooobogoon

gbooooboARMSAD OOOO0OO0O0ODOO00
O000OFig. 7ODOOOARMSADOOOOODODO
dBil 0O 000000 D3dBOOOOODOODO
260MHzO OOBSO OO (O300MHz)OOOOO
uddoooogugouooooobooobob
oooooooor"goooooooooogoo
OoooooOoobooOoOooooOoooDos3deOO
goobooossbboogoooboooood
goon

30303 O0O0oooooood

o0bDO00UdARMSAD OO RLAAD D OOOO
goddooooooooooooboooon
gobogoobouobooboboobooodd
gooooooooooooooobbbbbon
ooooobooooboooorPOOObDOoODOOO
obooooobobbooooobooobobboo
OFig. 8@UuUbU0nDoooonoo4noononon
AOBOCODOODOOOOOOOODDOOO
OO00O0OO0OFg 8OO0 DOO40000000

_ Bandwidth forBS
8 " L
I 1
I 1
~ 6T | |
3 '
ke
ERN) i '
< 1 I
&}
2 b ! :
1 1
ot : . 1s
I I
1 I ] 4
] ~
! , g
X S
: I 3 '.9..
1 | s
! =
| | 2 %
1 1
1 1 11
1 1
1 1
1 1 L 1 1 1 0
115 11.7 11.9 12.1
Frequency(GHz)
Fig. 7 Gainand axial ratio of annular ring microstrip

antenna ( ARMSA ) element.
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Table 1 Performance of developed BS antenna.

Frequency 11.700 12.0 GHz
Gain 21.2 dBi (min.)
(from 33° to 47.5° in elevation )
Polarization RHCP
Axid ratio 1.0dB (max. )
Size Diameter 400 mm
Height 29 mm
Weight 3.3kg
Tracking Method | Hybrid tracking with gyro signal
and receiving signal levels
Speed 40°/s ( max. )
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