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In this paper, we study a TT&C link to obtain a required specifications of TT&C(Telemetry Tracking and Command
system) antenna for an LEO(Low Earth Orbit) satellite. The premised mission orbit is the sun-synchronized and circular
orbit and it performs earth-space observations. We design minimum TT&C link-budget to obtain required antenna
beamwidth and gain. The proposed turnstile antenna provides wide beamwidth and circular polarization. We suggested
the attaching position that shows the most effective results by confirming the variation of antenna performance when
the proposed antenna is adapted to satellite’s various positions. Also we proved the proposed antenna’s ability while
it 1s performing the mission through the orbit simulation based on the electrical performance of the proposed turnstile
antenna.
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Table 1. Specifications of LEO satellite and mission

information.
4 At 2 % 3%
LA Ao .
Hhal 3% <A
o 7l
7] 510(1,530) mmx510 mmx765 mm
A 100 kg
Hd Fw
e 100 W
’7E ok 27 E
A% il 690k;n,_ﬂ1° 571 4
48 A%
A 97.93°
A KAIST 21294
A= AT E|(SaTReC)
B9 36° 227 44", B 127° 220 20"
ENY AlZHSolar time)
A
4\ 4» —»b
»v( ',\
Efg} ’
/ S
HiE{2] &3

oM
(a) YFEAZ A 2AA
(a) On mission orbit

(b) Ad= 3F 53 Al

(b) On ground station

% QRe] BE 940 A
Fig. 1. The attitude of satellite.

J8 1. A%

I g3 HAS Set YELt 7 d5 &5
El

B3 WAE AGF A= e §A AR

643



BETHIRPERGE B2 % H65% 2010F6A

g o o Channgl ¢ o e

Threshold fevel

A8 2 83 wAS o]8% ¥ dAR
Fig. 2. Link design diagram using link budget.
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Table 2. The minimum link-budget for up-link TT&C.

Ground Antenna gain G, | 3509 | dBic
station Transmitted power 100 | dBW
Satellite
Noise temp.: 1,000 K
Free space loss FSL 1 16685 | dB
Rain atten.: 35 mm/h | Leai | 0.03 dB
Loss Implementation loss | Ly | 3.0 dB
parameter Polarization loss | Ly | 2.0 dB
Additional loss L, 05 dB
Pointing loss Ly | 3.0 dB
Type FSK
Carrier freq. f 12075 | MHz
Modulation Data rate R 2600 | b
3982 | dB/s
Req. BER 107¢
Req. EwN, 13.5 dB
CINy 5632 | dB*Hz
Results EW/N, 16.5 dB
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Table 3. The minimum link-budget for down-link
TT&C.

Satellite

Transmitted power | P, 3.0 dBW

Ground Antenna gain G, | 3586 | dBic
station Noise temp.: 200 K | 7 | 230 | dBK

Free space loss | FSL | 167.61 | dB
Rain atten.: 35 mm/h| Lun | 0.03 dB

Loss Implementation loss | L, | 3.0 dB

parameter Polarization loss | Ly | 2.0 dB

Additional loss L, 0.5 dB
Pointing loss Ly | 30 dB

Type FSK
Carrier freq. [ | 2,267 | MHz
38,400 | bps
Modulation Data rate Ry
4584 | dB/s
Req. BER 107
Req. Ey/Ny 13.5 dB
CINy C/No| 6234 | dB*Hz
Results EwNo Ey/No} 165 dB
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Fig. 3. Geometry of proposed turnstile antenna.
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Fig. 4. Fabricated prototype.
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Fig. 5 Measured results of proposed antenna.
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Fig. 8. Simulated results of ground station accesses.

V. FAE TI8C A RoAE

o) AA A WAL Bl AAE YA L
TT&C e 8 FAMES 37, o) & wigto g
g AEUE AAH A BEAE Sl Y
B FlMe AFAA Qi ey A7F
HoZ YT ATdA TT&C P& RA 8
ROdEL A4 AAS 44 Z2IYQ STK
(Satellite Tool Kit)''& AM23t%ch &8 742 =44
o BN 27] HAL BF AFdHL, ol
F 2N A7 Z2ORE WAOE g3 A5 A
Zo| 3P 18 83 X 5ollM B & 9= AA
d A4S 949 7 AL 859 48 o] %
olfTh AF AYL Y& AFoA, F HAE £
B3 AU F A7 ojlo A o] Fojxon, o
& A AR AL A7 o) F 3 AFA, )
AR 9L oA dE 4T ArEA o] FolR
o EE AT A HgL 129 B A A4HI)

B 5 EddA d& AT 2 7
Table 5. Simulated results of ground station accesses.

Access . Duration
ce Time
count

mm: $8, sec
1122 Jan 2010 15:10:17~15:23:14 | 12:57 | 777
2122 Jan 2010 16:47:43~17:00:17 | 12:34 | 754
3123 Jan 2010 02:11:23~02:23:40 | 12:17 | 737
4 123 Jan 2010 03:48:06~04:01:16 | 12:46 | 790
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