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Multidisciplinary Design Optimization of Earth Observation Satellite

Conceptual Design using Collaborative Optimization
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ABSTRACT

In this paper, the conceptual design procedure and results of Earth observation satellite
through Multidisciplinary Design Optimization (MDO) are described. The conceptual design
equations for major parameters are developed based on the established database of Earth
observation satellite so far. The MDO conceptual design tool for Earth observation satellite
was developed by applying the Collaborative Optimization (CO) architecture amongst
several MDO architecture techniques available today. The objective for this research was
set to minimize the total mass of satellite as well as satisfy all design constraints by
utilizing the Sequential Quadratic Programming (SQP) algorithm. Eventually the
effectiveness of MDO conceptual design tool was verified through proposing a comparison
between the conceptual design results with MDO applied and the design specification of
ASNARO-1 & IKONOS-2 Earth observation satellite.
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Table 1. System Level Design Variables

Variable Description
Z Mission Life Time
29 LTAN
Z3 Altitude
Zy Maximum Tilt Angle
Z Predicted Satellite Mass
Zg Predicted Propellant Mass
Z Predicted Power
zg Satellite Width
2y Satellite Depth
Z19 Satellite Height
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Table 2. System Level Coupling Variables 211 AR A 2E
Variable Description PEAA mde TE MBEA 2" HA s}
Y1 Angular Radius of the Earth dvd ddE R drdsat wEd AAS
Yo Orbit Period T3] 9k A 1’5‘.2$ TAEY. AFEA]
srxyesry A= FH, 1= 5o AA
s Hevolution per Day WS gel 24 Mpalzde] A Be
Ya Eclipse Time g e FH F7) 2 & a8 4 %
Ys Daylight Time 271 59 AALAES A B =3
Yo Satellite Velocity AREAEY] @ F2S v R AR #d
Yz Ground Track Velocity © 7]%&(Slew Rate) @ vi3 A2 % (Mapping
Ys Slew Rate Accuracy),  “12]3L ] 2| g X%‘%_]E(Pomtmg
.. Accuracy) 55 AAsHA Ao} Fig. 12 474
Yo Pointing Knowledoe A wEe] THL ehd agelth
Y10 Satellite Moment of Inertia 212 SAA (Payload) A 2.5
Y11 Satellite Surface Area e = - ]
Y19 Satellite Cross Section Area ez AFASS AT WAAE

# AdA 2Eo| ¥
= < F- 7] 8H(Mission
Geometry)t} Al Alo] 21 A4 A5, 9149 &
% 54 5ol ol EHETh

o] 9o zZ+ NBAAEH Wz FH AA
(T gpre) R AGAARTF(2),)7F EA T
o] gk Bop A AR 7
g e} 228 A g

Launch
Time

Orbit
Type

Min. Elevation

An_Fle

LTAN

|Altitude

Angle

Max. Tilt

EO/IR(Electro-optical /Infra-red) ¥ SAR(Synthetic
Aperture Radar)® &% F glon, & A+
A= EO/IRS HAAZ st= AF35914 9]
AAC 235 FAoh =F o8 7HA EO/IR

g4 BH T, A=Y S 71 S
ALE-E = 7hAl 2 Q1 417 (Cassegrain

Telescope) BEARHS 1 3te] A4 HFAA
2 #3939t EO/IR €AAE HAZEA 2~
&l (Electro-Optical System)¥} ®AjAd o8 %
Al 2~®l(Payload Data Transmission System)2 2

!l Mission Module

Position, Attitude,
Target Altitude,
ack Error

Orbit  [Revolutions per

] Eclipse Time

Fig. 1. Mission Design Module
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Adjusted R? = 0.901
P-Value = 0.000
F-Value = 156.431

SE = 0.2292

N
o

o

Wheel Mass [kg]
o B

400

Motor Torque [Nm] 09  Angular Momentum [Nms]

Fig. 2. Torque & Angular Momentum vs.
Wheel Mass

Adjusted R? = 0.808

P-Value = 0.000

F-Value = 70.389

SE =0.41792
®

300

Wheel Power [W]

“100

Fig. 3. Torque & Angular Momentum vs.
Wheel Power
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Fig. 4. RF Power vs. Transmitter Mass
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Table 5. Design Estimation Relationship of Major Components for LEO EO Satellite
ltem Design Relationship F-value | Adi-R2 | p-value
Mirror Mgy = 55 4220;221607 Frsaterial
Mass Estimation Do Diameter of Mirror 69.124 0.794 0.000
Famerias Material Factor([15])
Op“ﬂ;’j;"éfge o et See Eq. (1) 9266 | 0601 | 0.007
Reaction Wheel Mass Estimation See Eqg. (2) 156.431 0.901 0.000
Reaction Wheel Power Estimation See Eqg. (3 70.389 0.808 0.000
CMG Mass Estimation See Eq. (4) 9.372 0.807 0.096
CMG Power Estimation See Eqg. (5) 37.050 0.947 0.026
i »=0.021 X .
Magretic Torquer Power Py = TN 64364 | 0607 | 0.000
Estimation DM; Dipole Moment

Star Sensor Mass Estimation See Eq. (6) 10.358 0.483 0.011
Star Sensor Power Estimation See Eq. (7) 11.867 0.521 0.007
Earth Sensor Mass Estimation See Eq. (8) 60.861 0.691 0.002
Earth Sensor Power Estimation See Eqg. (9) 30.521 0.710 0.005
Sun Sensor Mass Estimation See Eq. (10) 20.353 0.803 0.000
Sun Sensor Power Estimation See Eq. (11) 8.531 0.617 0.001
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Fig. 5. CO Architecture for Earth Observation Satellite Conceptual Design
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Table 6. Subsystem Level Design Variables

Subsystem Variable Group | Subsystem Variable Group
Altitude Mission Life Time
Angular Radius of the | g . Satellite Dry Mass
Payload Earth Satellite Power Tshare
Ground Track Velocity EPS Fclipse Time
Swath Width ; ,
, Daylight Time
Ground Resolution Tlocal Y ?)oD
Altitude . Liocal
, Power Margin
Tilt Angle
- g, Satellite Power
Orbﬁ Pe”Od' Angular Radius of
ADCS Satellite Velocity v Earth T e
Slew Rate share TCS Surface Area
Pointing Knowledge Cross Section Area
MOl Surface Treatment
- Ratio Liocal
Satellite Surface Area s Drv M
Angular Radius of the Satelite Dry Mass Tshare
Earth Lshare Surface Area
Min. Elevation Andl SMS Core Thickness
n. tlevation Angie Face Sheet Thickness | Z;,cu
Frequency Mass Margin
CS Polarization Loss Mission Life Time
Implementation Loss Tocal
Antenna Bandwidth LTAN
Line Loss Altitude
Antenna Pointing Loss Satellite Dry Mass
Orbit Period _ .
Tshare Satellite Size
Rev per Day Thare
CMD Rate Propulsion Orbit Period
Number of CMD Satellite Velocity
Channel
OoBC
Telemetry Sampling Slew Rate
'1: ) Ci
Rate ' local MO
Telemetry Sampling
Quantity Cross Section Area
Number of Telemetry ]
Channel Propellant Margin Tiocal
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Table 8. Comparison of Conceptual B E=RoA AotE HA MEAA EFE &
Design Results z3= 94 L—TLZ:HOH oz Hgsioen, s
Viele T A8 A7 HAH NEEAA =FE o] &3
S) .= [e=] A= : kU
Item Without | With A A%E HlLHUT Hi dAE Fg 1034
Opt Opt. 2ok vag 98 AHEE 94 ASNARO-1[19]
Satelite Total 7 IKONOS20|th. ASNARO-1 9} IKONOS-2:
Mass(kg) 4391 | 48083 ATHEe A v dHo=H 59
Power Generation(W) 1369.15 1003.49 ey A4 T M AF Ao E 27 53
Mission Life Timel(yr) 36 5 % St AEE HAFAR A4S sk
LTAN(hr) 10.8 10.93 Aol old wmet AF HAs HZFHA FH
Altitude(km) 507 568.64 2 MALA A} vlwslr)e] HAEI 9149
Max. Tilt Angle(deg) 19 15.10 o oldy3 A vlwE HZF AEAA =do)
w 1.3 1.00 ZF ALeE=x 7‘32-};}: g ou]7} gtk
Size(m) D 1.3 1.01 ASNARO-19] 7%, 94 AL oF 28%9]
| H 13 100 Aok wAE A @ Ponl, Ao
Ol’.blt PeI"IOd(S) 5685 5762 %Xﬁiﬂg’] AL ok 6%, BUS®] A$ o
Eclipse Time(s) 21419 2131.6 3.3%, —%—Zﬂﬂ]-‘l] 73"?‘ 9_]': 98%9] ;-(]_017]_ %Zﬂ_@“
Satellite Velocity(km/s) 7.61 7.58 S & F Ak
Slew Rate(deg/s) 1.28 1 IKONOS-29] 7% 9144 T2 %2 °F 13.9%<]
Resolution(m) 0.5 0.5 Apol7h EAsE Ae & F ew, AFHe
Primary Mirror 0.80 0.90 = Fﬁfzﬂiﬂg] A5 °F 7.6%, BUSS A5 °F
Diameter(m) . : 12.8%, FAA 9] A9 <F 98%2 Zol7t =A%t
Payload Data 38765 | 38251 = @ F Ao
Rate(Mbps) ASNARO-19] 7ol wma o]zt =27
I?/lequwetd A(nl\?rtrj]la)r 591 589 922 9k A1k [KONOS-22] Ao xpo|7} wo)
omentur{Nms skt IKONOS-29] Z$-ole AAAlol =
Required Torque(Nm) 0.77 0.37 ) _ -
oy A AGRRD ohfe FE1E A
Link Margin(dB) 13.48 11.54 N -
. Pt B2 A5Vt gAst o] dx o] A
Required Memory - N
Size(Gbits) 250.85 247.46 o7} Wr3El Ao 7 Holm o]& 9l ;}% H]
; N
Solar Parel Arca(m®) | 4.79 3.56 2A=F e AAGNE Zel7h dehd o=
Bl sHAgE Fa35 @ 7hA] f14o A8
Battery Capacity(Whr) 3421.09 2527.25 B A7 B A3 Aot® ATHE=Ae] H
200 5
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Fig. 9. Subsystem Level Mass Histories
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