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Verification of the Star Tracker Sun Exclusion Angle of GEO-KOMPSAT-2A
Through In-Orbit Operation
Woo-Yong Kang'!, Kwangyul Baek? and Seungkeun Kim’

Korea Aerospace Research Institute'?
Department of Aerospace Engineering, Chungnam National University”

ABSTRACT

The star tracker detects microscopic star light in space and compares it with a stored list of
stars to calculate the satellite’s position in the inertial coordinate system. If other light, such as
the sun or the earth, enters the optical head, the star cannot be recognized and the star tracker
cannot be operated. In particular, strong light such as the sun affects not only operation but
also the performance of the star tracker. The sun exclusion angle of the star tracker is one of
the important factors determining the performance of the star tracker. This paper performs the
verification of the star tracker’s sun exclusion angle. In order to verify the sun exclusion angle,
we predict the sun exclusion time of the star tracker and compare it to the actual sun exclusion
time of the GEO-KOMPSAT-2A star tracker. In addition, the performance of the star tracker is
analyzed for normal operations against the sun exclusion in the optical head. It shows that the
actual sun exclusion is maintained under the range of 26 degrees, the performance requirement
of the star tracker, and the star tracker operates normally in spite of the sun exclusion.
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Fig. 1. HYDRA Configuration
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Table 1. HYDRA Technical Specification [4]

Robustness
SEA (Sun Exclusion Angle) 26 deg
EEA (Earth limb Exclusion Angle) 18.5 deg

Attitude Accuracy (in arcsec)

Single OH | Multi OH

X=Y Z X=-Y-Z
Bias " " 11
LFE (Low Frequency Error) 2.2 5 1.5
NEA (Noise Equivalent Angle)| 9.6 77 9.7
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Fig. 3. STA Configuration in EPM
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OH2 SEA angle

—SEA

Winter solstice
—— Equinox

140 Summer Solstice

g 100 )
=) /
o
© 80
/ /
60 N\ \_// //
N //
40 ™~__1
i 1
| I
20 : H
1 1
0 HE L L L
0 5 10 15 20 25
Time (hr)
Fig. 6. OH2 SEA Prediction Results
OH3 SEA angle
180 v
~ ——SEA
160 / Winter solstice
Equinox
140 Summer Solstice
120
2 100
<)
[}
T 80

Time (hr)

Fig. 7. OH3 SEA Prediction Results

A7, R ATek At 24 dFA=(EAA
=) Abole] Aglel 36,500km, R,= AT HEAE 6,400
kmE 9v] gt



M 49 # A 3 F, 2021 3. et 243 HFA7] HY A4 AT £9 4% 247
32 HYDRA I:IE4_7I<_X_-I| I EH %h il"‘_"ﬂ 7_||- ?:-llg 150 Sun Exclusion Angle(Vernal Equinox)

Yt 2A5 AA &9 dolH FoA &= FE, 3 \ /\\ ]
A, A 71Zrel] ¥ HolE|(TM : Telemetry)E ©] %;100 / B E—
83t FatAe} EHF Abole ZEE A4be A © sof T omesmg
(OH1 TM, OH2 TM, OH3 TM)¢} 2] (2)& ©]&3}<] ‘ ‘ ‘ ‘

o =g FAe g Abole] ZHE=(OHI Sim, OH2 K E 10 15 20 25
Sim, OH3 Sim) Wlwstth F&4 ol tad + 7o 150 | | ‘ ,
Hlan Ax FeA 37 mF -2°~2° WM Z=

o7t LAYFS T 4 St g 1001 1

A e A= Al 0°d A A= Apgee]  § \// ool |
A4 "ol o|F= ZAuks 0|83t FTHA 9 —=
& Atele] ZAEE A4sth T2y At 2AS = % 5 10 15 20 25
]”%011/‘1 A= 2A & B3t AL ZLg A=

ol &3t} olE ' o R EHY ek HEE ALt R N ‘ ‘ '

z‘silj_i 21 )l A T3 FEA 9 Bjgo] ol R+ 7 o 100 \\ /
= Aoz} e 4 ok 2t A4 egelA % b g =
AstE BHYE 2d FE AdEFE HElA AESEE © sof S~ TS
78‘% 2 (1)& AHESteE AAA] AT X3 0 i i i .

% ]7]_ o,]q_ 0 5 10Time(hr) 15 20 25

Hl 23 Figs. 9, 109148} o] &-F&oAE B , ,

3 Fig. 9. Sun Angle(Vernal Equinox)

= Pl B Ausl THHA 2o sl o ° d
éx;:].' ‘{l: g)]\E]' :’-a_—ﬂ_ 3]'7(] ‘:IE‘OH/"li_ Flg 1101]/\‘]94' 150 ‘SunExclusi?nAngIe(VeriiaIEquinox)l
Zol FEA 2¥F 3HAA B 27 #AYSEH S T
FAME Fig. 120148k Lol FpA 1HelA BlF ol o :
247} AT g | e -~ omem|

MEA7) A AT HE AT 260 % B K =
oflA EY A7 BEHOR o]FAX=A gls} 0 : - - " s
71 A3A HEt 2A5 &9 HolHE o] &3l A
A BE A FACA BYTEIE o]F= Zho] 26° 150 ;

7} S A E@ B HHEOH Validity / \\
™) Ftel WslsEl&= AHS vlwste] Byt &g g N ——ve
A AR A A AFEH = dHeolH Fol S sl \/ DT oresm)

Difference between Sim SA and TM SA(Vernal Equinox) 0 |
0 5 10 15 20 25

8 [—oH1]

% 0r \ 150

% r/"‘\\\ //r

-2 — o 100 1
’ Time (hr) * % \/ ,///; OH3 TM
T 50t # = = OH3Sim| |
2 i —— —— T ——SEA

8

é 0 / \ 7 Oo 5 1Io 1‘s 2lo 25

£ L - Time (hr)

i) 5 20 2 Fig. 10. Sun Angle(Autumn Equinox)
Time (hr)

o T T T T ] STUZEA dA BFZH7|ANA AL A= FEA

\ — o ARE EAFT AL Sle FeAAD B

£ o 27 AASHA HH HEFH = Xiiilﬂ A g

-20 5 1‘0 1'5 2‘0 > FAE A3 Ao T A= FBEA NS o]
Time (hr) & A AAE ALESHA 51"/}

Fig. 8. Difference between Sim SA and TM SA
(Vernal Equinox)

ol fFES FIA
AR FEOE 4z FU|2 A2 A5
olof gk A= Table SJ/P Fagsiy



248 B8 - MBD - Qe SRY B F|
200 Sun Angle(Summer Solstice) Table 3. OH Va|ld|ty
150 & 7T OH Valid Value
g |~
;.,,100* E——E——_L No OH 0
sof T OH1 1
0 ; : : OH2 2
0 5 10 15 20 25
OH3 3
%0 OH1, OH3 4
o 100 F OH2, OH3 5
Fal el OH, OH2 6
- = OH1, OH2, OH3 7
0o 5 1‘0 15 2‘0 25
s OHvaIi‘d in Vernal Eguinox
150
75 ¢
o 100 1 7
S ot = = OH3Sim|]
L ——SEA 6 : . :
N~ 0 5 10 15 20 25
0 L . L Time (hr)
0 5 10 15 20 25 OHvalid in Autumn Equinox
Time (hr) 8 T T
Fig. 11. Sun Angle(Summer Solstice) o
7
150 Sun Angle(Winter Solstice) 6.5
6 . . .
0 5 10 15 20 25
© 1001 /_\ 3y Time (hr;
% ~ ——OH1TM o
S st / T sm] Fig. 13. OHvalid in Vernal and Autumn Equinox
0 : 2.0 o 150 Operatiorﬁ in the wintelr Solstice
Time (hr)
200 . :
100
L TN
@ 1% // ——OH1T™
g’ 0 \\\__f// ——ok2TM | | sor :gi/:alid |
= = OH2Sim
50 ——sea ||
0 . . . 0 5 : I
0 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr)
200 2 Zoom(SA angle below SEA)
e :
. 150 /’\\ // 1 .- \ /
8 100 | \\\\‘/// 20k
2 ——OH3TM
50 T gssmy 15+ — o™ [
——SEA
0 L . L 10 — OHvalid |4
0 5 10 15 20 25 }
Time (hr) 5 L
Fig. 12. Sun Angle(Winter Solstice) 0 5 10 15 20
Time (hr)
-5 =1 i AN =] ) = .= = 1 . : : H i
BEA A7 HE% °}X]_ Be &FPelA= Fg. Fig. 14. Operation in the Winter Solstice
130 A2} o] fFagh FsA AR gho] HA T3t
AX 72 e BA% 5 Ao BeAd FHAsr A 26° oy HW FEY FoA AR G
BT Qe A9 FANNE FESE oA A 57k "k SACIAE Fg 159 2ol FsA 2w, 3
Bol gho]l #FetA e Awol wel WalE S Fig 149 W Bl Ae]e] Zpo] ¢ } l kel 26° ©]3t=
155 53l AT = Utk FANAME Fig 149 He 70NA FEI}F FSHA HE grol 49 6=
2ol FA 19 FAA BFT o]FE Zto] B  WAHE AT F AU



M 49 #H KM 3 3z, 2021. 3.

A 245 WEA7]

& AHZ A=A &4 AF 249

Operation in the winter Solstice
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