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Abstract; The application of remote sensing technology to the mapping is the development trend of modern ge-
ological mapping technology. With the increasing resolution of optical load, mapping remote sensor has be-
come an important guarantee for social development and the development of the national economy. Optical load
which is the core component of remote sensor determines the resolution of mapping space remote sensor, the
precision of mapping, and the volume and weight of the satellite platform. Structure and optical properties of
the mapping space remote sensor optical system are introduced, such as high image quality refractive system,
co-axial three mirrors system and off-axial three mirrors system. Then, structure and optical properties of new
space reflective optical system in development are prospected. Analysis result indicates that according to differ-
ent application environment and technical index, different types of optical system should be selected reasona-
bly, so the platform resources can be used fully to meet the demand of mapping remote sensor.

Key words: mapping remote sensor ;optical system design ; MTF ;relative distortion

I F& H#E:2015-03-11 ;1817 B #8:2015-05-13
EEWMB . ER A KBRS I H (No. 60507003)



454

I A ISR 206 R G ik 715

1 3]

e

BB AR B K A RIS 1284k, A
TR A 1 4K T R R 2 5 U 8 T A
o 18 EREOR BES AT | PR3l PRI 5 905 ) 552 P
SrARARDL , b B B IR T R AR A BRI
AR AT PRI AR

AR B i i O TR SR AR R
B MRARSI R s BRI T HEAT I, AATTHY H 8
A 6 R A DRI A5 22 0 THT I R HR B AN TR
T, 1R 2T PR O A 2 S N T b B
2 PURII AR G, B IR R A
SEEME I 2 ) B I | TR AU A7 R E R AR
k7B S SUNI DN EEINE R i e 7 S T/
ﬁjm-ﬂ 5

W 288 SR A I T I 22 25 2 A M o 22
BRI KRR B IREORBENS BB o TR
M I 22 TAF R 4 R, B 5 BRI
SR IR RLVERF SV 20 I A R SR 22 A2 B
JCAE AT S PR A R ] 8 AN B 5E 42 1005 S PR
JFAE R AR, BEFE LS 3T 7 HER I A Wi 4
e, TR 20K B © 28] LS8 42 0l A2 b PRI 5
2R, iR B R 2 T ARk 25 2 Jre 11 B A
el

TEH T 22 )i R v B IR AR B T 2K
HE AN, e T AR ) RO i 222 i
TSR AR BRAG X 5 B by B 7 0 AT LSS A Sk
S b ECSE R B PRI 5 25 AR AR, S Btk
22 B R e ik ] LAfG DR — BB AN ] A BRI £
SEAIR e o 1 S 2 45 B AR B
i, BES A BE AR T PRI ARG R

0T ARAS R R B R 2 A e i 1 0 2
KERE s S IR 1Y T e B 18 8 TL R 7 &5 kAl B
o TLR ST HIARE L, P i R U (PEIR
SR 2 A RIBUL e (14 5 A JEE 25— R I PR ESR
i, Forb TR DI BT SR AR A e A E TR
FEnh | 2 N 2 TR A% O LR o3, R AW
FETHE RN 200 R G RIPERETE bR A REMARAS |
$ e N 2 1 R AR 7

JCE AT DS T I 22 D 45 [ 22 SR Y O

MR E ARG EE R RO
W0, BEFCSE BT il i B AR B AW R, K
JEI T Z M Z R 2 MR I 20t R G, H
28 SN 22227 ZR e ] LAy oA ids S s 4 S g X
PRI Hrh 4 S S s COSCRT A3 () Al Sz 2 =R 5
B G

ARSI A48T xR DB 25 B 2RI X FR
A BRSOt R G AL B A L AR
Gy i A R Al = SOt R GE R = RO
R G H T B2 I 2200 R 25 H I X
HOGEAVERE , I X b T 8IF A B Be 9 JL A i 28 25 1]
FEeE 2GS RO Ve REBEAT T 1%
B, MRAEANTR] 0 R RS AR SR A, 5 B H]
ANTRIRRSE A 18 B 220077 R G, T DA fe KR JEE
A5 B8 i A S 22 50K

2 RN AR T RGNS

M 20 et 90 4R A, L E |k E AR i E
FANLR G T 22 i Jn 24 108 3% b 78 3 L
AERST T LA R IARGR B A i 2 A
SRS s N OB e S R w81 2 e SN D N
S AL B Z2 2R W5, DI 43 R 2] 5 4 B
2 MM T 30 M T | DA T 4 i et 380 G b T
Pl o, U7 R U S s PR

AR I 10 18 B 22 i B — A R
SEARHLA G2 RE B IR 2 622 R G T B L4
Oy R AR T b R AR /N R Py
R OGRS 0 R ST o ig 5 L%
T G2 R G0 A% 35 oK R A 5 T R A O R T
o2 RGN LSRG ZEAIE N2 [R] LA DA
A BRI 2 2 R G 0T —
= N

1807 U YRR T 2 R GRS
SPER FOEL 54T, IR T IR Ak,
23 (A3 SR 22 17 FH 9 2% 2R G T BE 2/ IR B2 b
SR TR AR FE RS T A
G L 5OCREAT, & AR S BT
AN BEAG T A% 3l i = AR AR Ak, 7R RS S5 T R 4
IR S5 AR G I R 2%, R UL, 388 JR 42 7
FRYEaE R G BR AT RES T NG 5 i L oe s e



716 DA

WEE BOARTE bR B B2 i, 12 B 2067 Rl
BT —ER KRGS mIEGERES RGN
TR IR SR A = R R e, o TR KRR
FER B R 58 MUK SR B = S R G R Tt
—BRTHERESR b, — L AD R G BEA T
lEIES

3 BRBmEEMHLF AL

ARG RGUERA 25 B A RIS
AR, BHHCT RGEBUIN LR R E T
b AT BT, e TR 5 5HR, &
SO RGURZEACIE A ¥ 2, al LT AR
AR, JF ORI/ N IR AE | 2 o 8 SR 22 MR 58 1)
I RAIE T 8w I 2 . JOF ., B R
T8 — AR R G GE RN T B 7 58, BRI,
AR T A I TR B e AR

BHOLF RGERA R WARI] 8, — )i 5
e RGUIE USRS 75 B R A P 3R
B SURAE T B, % O Mg B 1 AR R
i, Z O RGN AR AR, AN RE T B e
PR B 225K, O TR 22001 A
B, EZ A BB B BT I B
WBRZE AR,

i PH A 725 ) R S 22 3 S R 8 2 2y —
ST DL2Z PR XEFRBY MDA R, DT2% FL
B XFRESHNE RS R B2 R A5 E el 1 =
3 PR

1 DLZZ WAE GG R G4t

Fig. 1 Petzval transmissive optical system structure

HEa-
D
2 XFRELS S RG L5

Fig.2 Symmetry transmissive optical system structure

s %
T N
M i —

B3 X AR AELE SOt R G R T

Fig.3 Sub-symmetry transmissive optical system structure

V2% BRI RS E LR R K, b K
WA, T R 2o 5 X AR A R GG fL AR
W GER TR, (RN TN 2258 e A
GO O . WX FREDG S R LR/
(GRS IR =4 S8 NI ANV 3 Wk R N
SH% | TSR £ 17 A AR e

2007 4, KB HLIT G2 R 40 Se ik il 1
A E R B 8 S8 F R BT i Y
STy, BB AT 0L R A, ) 32 8
6o R G MR A R E SR R G

e 0T I I R R O O o R G R B GA B
700 mm P F AHXFFLER 175, KT 6.5°, K4
FEE RGN R 2, B/ 5 ROt RGN
FHXT G AR th 22, 722 M F N, b 2E R G A
77 1p/mmBH& 3% bR K T 0. 589, H2 3L 17 5
PR e K AR ST BEAE /NT 2 x 107, /NTF 173 %
IC, AN ZHE B, 62 RGNAR B R A,
A3 PRESCRIAR X B AR #0383 T B 5 2= R
7K

TS —1.032 TS —24420 TS —3 3000
TS (000 TS — 1 7200 TS —2.9240 TS — 34400
”Ts‘ 06858 "”l'_‘, =20620 I|||'Jx—t 1 Wy |I

1.0 peeit |

Modulus of OTF
2 = o o o
= ta . =) o0

00 3830 7700
Sptial frequency/(cycle - mm ')

B4 EXTFRELE GG R GA% i s Rt £

Fig.4 MTF curves of sub-symmetry transmissive opti-

cal system

SR FRELG A 2 GE R HDG B H & B, A8
/N TR AR, EHDCERE B AR T
FOLil K T RGEN, R T RGE R



454

I A ISR 206 R G ik 717

—0.0050 ____0.0000

Percent

K5 MR PRALE S 2R GERT i AL 25

Fig.5 Relative distortion curves of sub-symmetry trans-

0.0050

missive optical system

ERGUR R B ARG N T O6A
BHRZE X RGN BRI, L F 2108 i
FBEBICHE A TR N T R 22
JTE T N 222K, e RGBT MR T im0
I, VAR T AR ZE A S A L

4 RlE=ZRIFE%

[ At = 5 2R G0 A B ST 80 I 1) 4 I S e
222 R 50, 3¢ H I JLAE & ST HY Worldview 5
FIFN Geoeye 251 — 1A Ak 12 8% T3 5L #1042 >R FH [+) 4
SIREE AT B R G, RN R IR &
I3 R SO S R S R T B0 VA R A -t 7
JCIE A0 22 WS, HR ST AR T At
CIEYEsL RIS U iE

A =R RGP R, A2 0%
SO U RIR 22 B ERE 5, AEFE AT LAGAE] 10 m
PLE, P RGE KM RN, gty B, LA
TG B A, BT R AR e
XEFR T, 0T R RERE /N H ) A = S R e
HMEZERCIERE S5 , BN, ASRE T e R MR 98 2
Ko RGEPA LTS FRILT RGULIE R, N
TS AR BT A A T G R R R AR
T AR IR SR IR A IR R AME 22 | W] =
VG R GEAE M L 5, 2R 48 BOME S B .0 O
H

A [l = S 450 F2 B A L7 B Al A R
M B R 2548, e R a1 6 (&1 7
FiR o A4 = 5O R G0 0 5N FLARDG I B
ANT BB AR R SRR AR T T 99 S S B

B B g DG R AR AR

_

Second
mirror
Fold Image
mirror plane

Bl6 Wity Fih =R R4t
Fig. 6  Co-axial three mirrors system structure with

fields off-axis

Third

mirror

Image
plane

Second
mirror

Bl 7 AR b L ) Al = S R e
Fig.7 Co-axial three mirrors system struc-

ture without fields off-axis

FETE 2012 4F & 5500 B Rl i A T8
Geoeye-2 AR FH ) W47 5 il 254 ) il — i At 38—
A% Geoeye-2 HLIE 1= £ 500 km, T
FE A 14.2 km , JG2E fa B 6 M TR OT A B
0.25 m, BEHAF] 12 m?

TR 37 5 5 280 [ Bt = 2 2R G R AL 6 o
P8 RSB R 0 Gl i T B
JEERRE R A G 1 P, RAE 2T
DU JE A%, PR e — R oR PR B4 0 SR 1%

TR ETE 2000 4F LA b E Bk ey m T4 AR
AN 58 4 G, A W B i 78 ] il = R 45 1Y
3 B G A A Bl Bk ol T o T A A A
It ,20 T ALK ATF 2 i 43 B 58 IO 24 R G e BT
KB BRI AR 25 R HEAT TSI, (H B T X A &b
PRI 2R Ao (A REUAH [ 8155 00 T A L 400 s i R 245
P A T AT, 76 A8 17 A 38 BN 4224 R 4E
AT R X Pl R G A5 1 S



718 W [EDE2

8%

A0 37 5 il 2 [ B — S 2R G E — R A T Ak i
BT R, SR AR 0N, N ZUGHE
2 R R MR 7 NP UG e RGN
Y AR A, — AR T A B T S R 5 B L R R

B, B SR 8] ) UGS FE AR TR] , 16 1) B
BIRATE R, FERFE LW LA R
g R TARTH , BA MBI, AT LR F i i X T o
WAL .

K FHPIFR R Ge 45 04 43 30l o6 Wi B B R
i = 2 B B R E R, AR EHE N
4 550 mm, £ 30, MXFTFLAE 1/6. 5, PHFPLEH
Y62t R GE R L ik pR A £ An 8 (1 9 I, A X
s ik an & 10 &8 11 R,

New lens from CVMACR
Oevnewlens. seq
DIFFRACTION MTF
2H-Ape-15

10

. \‘%R_

0 ) =
\

so?

EU

205 ‘\

204 \\

03 \\

02 A —— ~ =]

ol e =
50 160 240 320 400 450-"]56_0'_(40 720

Spatial frequency /(cyele - mm

Pl 8 g s il A )i = R G Aok R AU 2k
Fig. 8 MTF curves of co-axial three mirrors system with

fields off-axis

New lens from CVMACR |
Orevnewlens.seq
DIFFRACTION MTF

15-Apr-15)

1.0y T
00\\% |
e S

(B0 160 240 320 400 480 3560 40 720
Spatial frequency /(cyele - mm ")

K9 AR Pl g A ) il — s R Ge i pR Bt 2
Fig. 9  MTF curves of co-axial three mirrors system

without fields off-axis

0 A 1 136 R KSC i e VR S W 22 2R A X L T
VA 2, 7E M R AR A3 S IR FLAR YRS T,
WG i B R g = I R AE 2 1. 5o BN

Angle/(*)
T1.50

—50 =55 00 35 5.0
Distortion/%

P10 L7y s i 2 I e — 5 2R AR X i 7 2k
Fig. 10  Relative distortion curve of co-axial three mir-

rors system with fields off-axis

Angle/(*)
7—1.50

T—LI13
r—0.75

T 038

—10000 0.0 1.0000

Distortion/%

BT AR i 5 R A — S 2R G RO e 745 T £
Fig. 11  Relative distortion curve of co-axial three mir-

rors system without fields off-axis

A 356 pRBSCHI 2R B AT SR R, 76 72 1p/mm AR
f&pRR 0.525, Bl AR B il R 40, (0 250
Wb R A% R T R [, s 3 39T, 78
72 lp/mm BHARAL 2R 0. 04, B 28 01k LB i
BAG s P s S R 2R G A AR AR A K, e KA
XTRFAS IR E] 2.7 x 1077, QSR A 47 J5 014 1E 5k
S A 2R R

P U A R ) IR 37 5 el 78 (] A =
JAE 1. SO Bl P AR B i AS 8, R B A A
SRR (HAR A IE R AR BT i T B AN, 2
IKE) 3B AT LLBAR , #F 72 1p/mm B F A% 1%
PRIZICR 0. 269 ; AH X B A5 th Bt /N 00 37 2 g A
ARG, R KR AS /N 2.3 x 1077,

PIRRR il = B2 R gt 2= M RR 1Y L 3 an
F VR, T LARRHE 0037 | AR | A% 328 oK S5 AN [+
(R AR AR R R A B B P R S5 R I 0



%5 W JE ARSI 2O R G Sk 719
®1 AHREHM=KREEFEEILER
Tab.1 Performance comparison of two coaxial three-mirror optical systems
Fields Secondary obstruction Image quality Distortion
With fields off-axis small none high modest
Without fields off-axis big present low minor
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