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Abstract: For the rapid development of space remote sensing technology and the improvement of
demand for space detection precision, this paper researches the more feasible and effective
technological routes for ultra large aperture optical remote sensors. Several kinds of optical remote
sensors that have been launched or planed are included, such as monolithic aperture imaging system,
deployable segmented imaging system, interferometric synthetic aperture imaging system and
diffractive imaging system. The research process, structure characteristics, developing states and
application fields of the remote sensors are described. Details on the performance characteristics and
application situations of various sensors are discussed in later sections. According to the requirements
of space optical remote sensors with high resolution and high imaging quality, some suggestions on
developing space optical remote sensors with ultra large apertures of 2—4 m, 4—10 m and some super
large apertures are put forward respectively based on the current technical conditions and development
trends.
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Capabilities of current and planned launch vehicles
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Fig. 1

optical synthetic aperture imaging system
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Fig. 2 Space-based diffractive optical elements
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Fig. 5 Geostationary observation space surveillance system
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Fig. 6 Advanced technology large-aperture space
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Wik 146 m, MmN 3. 6", RGP RTIRE N
10 nm(RMS) , 5% 3 i #h 2% R 5t f 4 52 3L 44
KW PERTIR2ZZE . RE B E N 6 200 kg, &4
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Fig. 7 Terrestrial planet finder(coronagraph)
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Fig. 9 Electrostatically figured membrane mirror
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Fig. 10 Configuration of JWST and its current status
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WLt~ 2 240 kg, 4R Arian 5 iz 3% K i &
B MR SR BT Z T E iR T T MTE X SNR
=4 WHEH H A5 .

B 11 M ERER I PEE 2 m o PR AL
Fig. 11 Configuration of 2 m-resolution geostationary
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Fig. 12 Advanced technology large-aperture space telescopes
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EEXFRTF 10 m 48 9 28 8] 0L 75 3K, 36 [
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T 30 m B A A] R T R B K B B g 7
ZUUL I 13 Fron. 1% H O R Y IR O B ol
0.45~0.75 pm, & 7 i 7] 35 5] NIIRS-6 2%, |4
BHEHR Ry 2 Ha M 53 BN 22, 4 nrad. 35 £
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AT 5 AR A T2 28 G0 [a) Ak 17 A B 1 115

7 ST T 2 R0 00 AT: 55, 78 3 10T 3% 3 .
a8 LTRSS IR OR8> S T SER O PR g S
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Fig. 13 Conceptual rendering of 30 m telescope as

stowed in an Atlas-V launch fairing and in its

fully deployed configuration

3.3 AETHEBILEREGRS
3.3.1 #ZHRAREBTFH MM EL
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SYHER AT 350, 005" 5 DL K i B = A8 4 A
1) 3 55 T Herschel I RAY 3~4 m N2 B g
BV AR ST 4 I B R A BN R A 1
A, TE 2007 AESE T AT R IUBESE )R L ESA
AR — 25 Bt g R

(06 5 1.5 m HERIEE TR (D4 5 2 m DR 5
(a) Arrangment of six (b) Arrangment of four
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K 14  #B4> Darwin X8 B 5 %

Fig. 14 Some configurations of Darwin plan

TPF-1 28 #b 17 & % 4% ( Terrestrial Planet
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%, FBEP I LL AN BE AT MR . WFOE N B AR
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= A AED Horh XA [ 50 1A Ok 2 i
7R, A X BG4 Ry b, 4 & Al 6 R
i 4 B G7E % 2 HE A L O R A B R 28 7  op
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T#A TPF 4157,

(b)) Hr A3 3 X R[50 A5 JRy
(b)New Emma X-array

()18 X BRI 5) 15 )5

(a)Classic planar X-array
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Fig. 15

3.3.2 Xk THRBEARA
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HA 3 251 (Phase Diversity, PD) % £ 48 #E 47 I /i
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ERCILAE R 0. 65 m, HEXFE AT T LR E R K
IESEEG Y, BfE %A R XWF R T Star-9 R4,
WE 16 s, Star-9 &G 9 DT B B il .
FHIEE 2R 0. 125 m. FFLEH 0. 61 m.
R WM M R 1 prad, P AT IR 2 N 0. 084
(RMS, A=635 nm) , 5 B T I fi7 5 B BR 19 s A%
IR E T TR GO LR R &

e g R .

Configurations of TPF-1
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Fig. 16 Star-9 system

2002 4F, 36 [ RRAE HL T 2 e (MID) BF il T F
5 GOLAY-3 Jt%: TR R —ARGOS
(MIT Adaptive Reconnaissance Golay-3 Optical
Satellite) "™ (W 17), & Z G 3 L&A
0. 21 m AR A N 10 19 3 DALY R FEAR bR SS
Py o fE B e R A A, 3 B B 2 OE = A I
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Fi i ALAR M 5 72 1%F & L X5 A A7 B 51 & 5
BEH ALY H 1 AT AT HE AT TSR
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sysrei({ABS}

o
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Fal LT

TCM-2-50 Wide FOV Rate gyro
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Fig. 17 Schematic of adaptive reconnaissance GOLAY-3

optical satellite system

3.4 THEBRES
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TE 55 [ [H b7 & 2 F 78 3T % R (DARPA) T H

SRR 26 7 18 ) ol 3R B K SR
(LLNL) T 1998 44 th T 25 8] 777 4 B2 3t B2 31 3
—“HRB5” (Eyeglass) i &1™ (WL E 18), Z )7
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20 m B A O A L 17 DT R OB LOIR KO
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- T S REEAT S 4 B 1 A S RN R T O s, bR T
o5 m o BT S E BT, T T
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! { -
(MR EE7 TR & (b5 m HARTT &L
(a)Diagram of Eyeglass project (b)5-m-diam diffractive lens

F18  “HRBE” T4l 7 e BT B 3 B B e A AL

Fig. 18 Schematic diagram of Eyeglass project and

prototype of primary mirror

2010 4F ,DAPPA # ) T “ S /R 807 1 H 1Y wF
R I E A 4 B W RO 2 BB R R
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WFH120 m P42 HAT I S0 u iR BE 1 I R 4, 48
HE B R 25 9k B 3. 54 20 (NTIRS #5 4E) 19
AT UL G BT A %6 22 /0 1 Hz, 3 T iR 98
T10 km <10 km, ##§ MOIRE (% S &M Xl . 5
S —A~ 10 m F14% 5 1Bk & 1E B8 © AT R
BAER S, SR JE WFH 20 m 142 A9l 45 580 52

Imager
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Fig. 19 Artist’s concept of MOIRE

2011 4F 8 H » F 7R —— /R A 25 i K
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W25 S 8 7, 9 B6E 45 1) 07 B ROR B T 3 5500,
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(a)1/8 of 5-m-diam PM (b1/9 of 10-m-diam PM
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Fig. 20  Partial components of MOIRE for feasibility testing
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2011 4F 8 H ,NASA A1 T 5 USAFA &1F
FHGF 0 o A BH 1E A7 AR 0 25 SR L 0ok 1 O
£5 1 500 MEW R WA A 1. 5 4R AL . i
VEFE B 4% % 55 A - A2 1R 400 mm, T AR K
b 656. 3 nm,

& % TR -7 (FalconSat-7) J& USAFA filj—4>
gk T AR % T AR —P 3U . ik T AE
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JE A 4 kg, WA 21 Fis, % DR A 30
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Fig. 21 FalconSat-7 nanosatellite in deployed configuration
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Tab. 2 Performance characteristics of various technical approaches for ultra large aperture space optical remote sensors
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