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ABSTRACT

In this study, we investigated the design methods of satellite constellations to conduct
near-real-time surveillance reconnaissance of the Korean Peninsula. Also, we designed satellite
constellations utilizing the Walker-Delta method and repeat-ground-track method, and taking
into account the target area and the feasible number of satellites. The constrains of the
Electro-Optical and Synthetic Aperture Radar equipment were also considered in performance
analysis. As a result, the designed constellation has mean revisit time of less than 30 min
which enables near-real-time surveillance reconnaissance of the Korean Peninsula. This research
provides the strategy to design the satellite constellation for reconnaissance. Furthermore, it
contributes to suggesting an operating strategy for micro-satellites constellation and guidelines
for establishing space force.
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Table 1. Characteristics of constellation design methods

Co_nstellatlon Orbit Objectives Advantages Disadvantages
design pattern geometry
- Better performance than other design
methods when the maximum revisit time is
Walker .| Global coverage| less than 0.8 times the orbital period i "
. Symmetric ) ) ) ' - Impossibility of the specific
constellation . (Continuous |- Low computational complexity for optimal )
orbit h ) . design for the target area
[2, 9-12] /dis—continuous) | design
- Representation of constellation with three
parameters
Asymmetric . - Better revisit time performance than - Degradation OfA performange
) Global/regional . ) when the maximum revisit
Walker Asymmetric symmetric walker pattern constellation when : ) .
) . coverage . o : time is less than 0.8 time the
constellation orbit . ) the difference of revisit time and orbital ; .
(Dis—continuous) o orbital period (compared to
[2, 12-14] period is small -
the symmetric walker pattern)
- Optimal design for the regional coverage
) under the limited payload performance - Increment in launch and
Repeat Ground | Symmetric . - . )
Track or Regional - Generally similar or _better pe_rform’c_mce than reconfiguration cost than the
) . coverage the walker constellation for discontinuous walker pattern as the number
constellation asymmetric ) : . ) -
. (Dis—continuous) | coverage of satellites increases with the
[15-19] orbit oo . !
- Availability of one-day period observation number of planes
with a single satellite
- Possible to design the trajectory to be )
) ! . - Increment in launch and
Global/regional repeated simultaneously on two rotating ) )
Flower ' ) reconfiguration cost than the
) Symmetric coverage coordinate systems
constellation ) ; . ' _— walker pattern as the number
orbit (Continuous |~ Representation of constellation with five . ! .
[20-23] h : of satellites increases with the
/dis—continuous) | parameters number of planes
- Possible to design the consistent revisit time P

del= AFo] MEHEE dAs= WEoln. dE
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Table 2. Characteristics of sensor (NASA, Planet
Labs, Campbell [24])

Sensor )
Sensor range Information
Type
Viewing angle = Swathwidth 22 km
EO | 4% o leoney | HFOV = 8 deg, VFOV = 2 deg)
- ¢ Flock (Dove) Satelite (420 km)
Incidence angle =
SAR 10 ~ 55 deg Swathwidth 200 km
(min. elevation = ICEYE-X1 Satetellte (505 km)
35 ~ 80 deg)
< {3l AAS AEHIA FAH FE AEdt
AT AWEA BAS B4 A9 A&
S SHo=E ¥ 50 km o9 XHezw HAHIA
I, AT A B g8 AT BEF AE
of 2 A8¥ = F(Electrical Optics, EO) Al A <}
SAR(Synthetic Aperture Radar)e] #Z= WS A4

stATth Table 2= 2783 AMAES 3z (Field Of
View, FOV), AloFZ}(Viewing angle)# JAHH(Incidence
angle) & ¥ WS UehH, B3 A= 23
914 A YA Dove S wiE o2 MAHFAIL SAR
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A— Walker Constellations —&— Secure Route Constellations

Number of satellites vs MRT by secure
route constellations and walker
constellations[31]
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Figure 1914+ 971-2et 91473 Secure Route
A8 AAZIHEe Adee PlaEAT31]. Secure
Route 91487 A A vEAE A48T FA
g AAZIEIY AA A ol i A AEE
F71 Ase wlastd 20t o3l A F 71
zpol7b w9 Z4ska 30t ol Y Al BT FE
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=9 fdTe MUY er A5 =3, 9~18
o] 34 <38 F(Genetic algorithm)¥ ¢ 7-2E}
APTE HAEH 5 35~455 HAA G A 91A
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oH13]. Ax#- o2 20~300] I8 S 8% HA-dE
AdTH A A4 HEAE AT 455 vl
st Aol & =29 HF Fxoln

2383 24% M= ol AlEHold A
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Figure of merits for constellation (STK manual)

Coverage

Observability of the spacecraft payload over the area of interest

Coverage Time

The amount of time (over the entire coverage interval) during which a point is covered

Access Duration

The intervals during which coverage is available from a single asset

Number of Accesses

The total number of independent access of points

Number of Gaps

The total number of coverage gaps found over the observation interval

Average Revisit Time (ART)

The average intervals during which coverage is not provide

Time To Cover by Region (TTCbR)

Average time to complete 100% spatial coverage for a specified area of interest

Response Time

The amount of time from the user request to the coverage completion
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HAWE AATE WFEE Au=Fx360° /79 A
7F Aok 9A AT RE AR HEe 2L As
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HE ol&3le] TS AAE 5 Ut 20~300 H
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& A8 Lud
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AetRa, 9A AT A SEuEEP, P 2E

z3te dis dss 43t AsATE AEA
o FF ALE F7)(ART) 2 SAAT FFAL
(TTCbR)S.Z &ttt ARE3F SAR gHI9| FARE
(swath width)o] BAslual s A Ho W ro
A g W] AR o]FoZ HAAY YL ¢4=
g 7hsAdo] AR YA wEk Wl xpolrt
dAE 4 Q7] v gAags A8 Azke] AR
F710l wa) dojd < Ut} Fig. 29k Figs. 3, 4=
Zkzy 20t 9} 30tHe] SAR S ARESE A A
T AEAF B4 Aoty F A9 BF A= A
ArZEol 40°Y W 7HE £L A S HEIth 204
SAR 9149 A% A= HWE 57, A59 948 T 4

35 40 45 50
Indlination (deg)

Fig. 2. Figure of merits of a constellation with 20 SAR satellites

35 40 45 50
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Fig. 3. Figure of merits of a

35 40 45 50
Indlination (deg)

35 40 45 50
Indlination (deg)

constellation with 30 SAR satellites (P=2, 3, 5, 6)

35 40 45 50
Indlination (deg)

Fig. 4. Figure of merits of a constellation with 30 SAR satellites (P=10, 15)
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Table 4. Parameters of SAR satellite constellations
having minimum ART and TTCbR

Parameters SAR constellation
Total number of satellites (T) 20 30
Inclination (i) 40° 40°
Number of planes (P) 5 6

Number of satellites

per orbital plane (T/P) 4 >
Relative spacing (F/Au) a4f72° 4/48°
Altitude (km) 500 500
ART (min) 23 15
TTCbR (min) 25 15
o, JAH A= I AR 4Y w(P:T/P:F=5:4:4)
Hat AT F7] 238, BEAY FALAEAZLE 258
°F HAo AT AT AUtk 300 SAR 94

40 45 50
Inclination (deg)

o] A% A= HH 67, AT Y& £ 59, AH
| = 2t 9132 4Y (P T/P: F= 6:5:4) B A%
E 7] 158, BaAd gAAEAT 15R0R 4%
l$ﬂ7vPZ£ﬂ oleist Aol 4T dA A
Foll thal Al Table 40 Aelstdon, Fute F1 2
te Add ga BAges FnEdsel & 4
= A

233 st oMo HiX YU M=HAM

A

ARF AdBSo] 7Heste XH“J’&: A& g o] Aol

)

A

a7} Qe SAR A 2y
3 g 5 9l71 ool #S5AY
< Wl AYrte AR AT AL Al
Alejafof gk Bk AA HFES aEstd
SARS G Hls| #S Fo] Forw AEFALS
40°0) A 55°74A] 5° 2¥A 02 WIAIA EA3FA T

onl
o
rlr

Figure 5%} Figs. 6, 72 1% 420 kmE 7IA+ %
k914 20t} 302 AAR A AHEA Sl el
1 22 Hl—_;q_r(.ﬂ:-(- A v

S EEER-2 L

40 45 50
Inclination (deg)

Fig. 5. Figure of merits of a constellation with 20 EO satellites

40 45 50
Inclination (deg)

40 45 50
Inclination (deg)

Fig. 6. Figure of merits of a constellation with 30 EO satellites (P=3, 5, 6)

40 a5 50
Inclination (deg)

40 45 50
Inclination (deg)

Fig. 7. Figure of merits of a constellation with 30 EO satellites (P=10, 15)
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Table 5. Parameters of EO satellite constellations
having minimum ART and TTCbR

Parameters EQ constellation
Total number of satellites (T) 20 30
Inclination (i) 40° 40°
Number of planes (P) 10 5
Number of satellites 5 6
per orbital plane (T/P)
Relative spacing (F/Au) 5/90° 1/12°
Altitude (km) 420 420
ART (min) 34 23
TTCbR (min) 43 37
£ £847)E Uehith SAR 4TS A
2 5 A BE AE ANl 4009 W Ao A
< e FoE UeEt Al F71E Vo R
Aes BA43HE 2001E AEE wie P T/P:F=
10:2:5, 304 & AI8E W= P 7/P:F=5:6:1%1 7
$ Ao 7bd E4tK(Table 5). 13y 20t 94
0% TS HAT A% BT AYE F717} 308
Heh 2pe & AN 2d A6 gF A B
e AFsA ¢t ¥ 30UE TS A
A% 308 oWl EA AWEel sbvsu wAeR

S

22 A FA 1A o HE TFen. wEkA #
3l fdnte g QTS FHEIE AT AN T
ANE A= AlokZte] 60° o]l "AAE A
@ 209 o9l A0l argE ¢

234 &8 % SAR 242

O

d

AdTS A desddes FdsASG © AF

< 425AF92 SAR $14 ¥ EO
2 oE ﬂio}@l A=GHAT
€ B° P:T/P:F=
5:4:4%0 7% 7 ?JIEUJ% SAR H*é 3tk EO914
1), P:T/P:F=6:5:4%] 7% SAR 914 4tiel EO
A4 1z 749 n.

Table 6& 333t 943 SAR g,]/ﬂ o2 FAH 94
o AA detvlEel s A4S YERAT Table 6
o AA%E A&k SAR H*égilﬂ AAE 914

o i% AdTel Aes vusian. Ae T4
0 km Ao tha] HesAsE £4% 2,

g 5 g
T A% =T BE AYE F7) 308 oy, Az

Table 6. Parameters of EO and SAR satellite
constellations having minimum ART

and TTCbR
Parameter SAR+EO constellation
Total number of satellites (T) 20 30
Inclination (i) 40° 40°
Number of planes (P) 5 6
Number of satellites SAR 3 4
per orbital plane (T/P) EO 1 2
Relative spacing between 4 4
the adjacent planes (F)

Incidence angle

SAR ] R N
Sensor specification © =10°~55
EO FOV: 60°
SAR 500
Altitude (km)
EO 500
ART (min) 24 16
TTCbR (min) 28 21
HITANZL 608 °oWE & AAZ IANFE =4S
WESIGT. 18U SAR 9AROR TAS A4F
o Hl&] ALE —2.—7]“ ¢k 1 v‘i‘—, BRIt E AQA S

of 61"%
o} 3]
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EEEREDE
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~
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o e ZIEHel AL A= FF
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[19,8]. °]ol uwet A& Xl <
= A4 A8 iEA= 94 ibl
2 dAsHn. =3 EE
Ax< FAsH7] el Nk NDA Hl = 15 12 A4
34tk ©o] A% 1= 500 km ™9 800 km tHell A
A% AAo] FFE FUIE HHEE =, #dF Y=
= 8R3&7] 98] 500 km el AES AHEHAT

LA Y-S AEAAZ 3959 20~307] YATO
2 UES A %*é Fo Hd AYEFII= AEH
AE %

E ZrEtH32]. 207] YATS oF 198, 307] A
T2 ¢ 28589 HI AYEFINE 23, V&V

-0.98%/9148 FolBRE A4S 17] FUhste AWE
F71E F 18 &= & AUth(Fig. 8). webA & 24
oAM= 20, 30719 TS ol&T A dAE
AA B, 258 A= 20, 25, 307] TS A
o YA-dE AT e vl

A WA RBAE HAE FAAE SE0] e
AgANAE ad=d ad A3 a0 A8
AFAHAM) 21E WEShelok Tk N A O
E*P‘ﬂ“ﬂt%*ﬂ [ 2278 Hasss A4
AR WRAE WA 2 4 (2, @F 2L A=
B @ el 94w WS ok k],

2 N, 2 N,

AifgﬁgA%Hgi?+fﬁ@] @)
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Fig. 8. ART of CGT constellation with 20~30
satellites (inclination = 39°)[32]

Table 7. Parameters of RGT constellations with
20 and 30 satellites
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Table 8. RGT constellation design with 20 satellites

Sat # | Q (deg) | M (deg) | Sat # | Q (deg) | M (deg)
1 13.61 0 11 193.61 180
2 31.61 90 12 211.61 270
3 49.61 180 13 229.61 0
4 67.61 270 14 247 .61 90
5 85.61 0 15 265.61 180
6 103.61 90 16 283.61 270
7 121.61 180 17 301.61 0
8 139.61 270 18 319.61 90
9 157.61 0 19 337.61 180
10 175.61 90 20 355.61 270

Table 9. RGT constellation design with 30 satellites

Sat # | Q (deg) | M (deg) | Sat # | Q (deg) | M (deg)
1 13.61 0 16 193.61 180
2 25.61 180 17 205.61 0
3 37.61 0 18 217.61 180
4 49.61 180 19 229.61 0
5 61.61 0 20 241.61 180
6 73.61 180 21 253.61 0
7 85.61 0 22 265.61 180
8 97.61 180 23 277.61 0
9 109.61 0 24 289.61 180
10 121.61 180 25 301.61 0
11 133.61 0 26 313.61 180
12 145.61 180 27 325.61 0
13 157.61 0 28 337.61 180
14 169.61 180 29 349.61 0
15 181.61 0 30 1.61 180
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Fig. 9. 3D view and the ground track of RGT constellation design with 20 satellites
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Table 13. Average Time to Cover by Region
(TTCbR) according to the number of
satellites of EO and SAR constellation

Total | Time to Cover by Region (TTCbR) (min)
Conste | number
lation of RGT Walker RGT Walker
satellites (J2) J2) (HPOP) | (HPOP)
20 23.6 443 247 61.2
EO 25 15.2 36.9 242 453
30 14.5 344 16.8 414
20 10.5 15.3 18.1 22.0
SAR 25 9.1 13.8 18.7 16.7
30 1.4 12.0 15.7 15.9
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Fig. 10. Average revisit time (ART) according to the number of satellites of
EO constellation (left) and SAR constellation (right)
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