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Abstract The advantages and disadvantages of several kinds of three—mirror system and four—-mirror system are
clear, a kind of high quality space detailed survey camera in the middle or high orbit is formed. According to the
same technical target, we analyse the key parameters of space detailed survey camera, six kinds of optical systems:
on-—axis three—mirrors system, two imaging off—axis three—mirrors system, one imaging three—mirror system, on—
axis four—mirrors system, two imaging off-axis four—mirrors system and one imaging four—mirror system has been
designed by Zemax software, and all of them can satisfy the requirements of the indicators. The advantages and
disadvantages of six systems are given, on consideration of the fabrication, testing, calibration and the technology
development of high resolution camera, the one imaging off—axis four—-mirrors system has been chosen, gets a
effective focus length 29 m, F number 9.7, wide of field 1°x0.3°, shape size 3200 mmx6489 mmx8194 mm space
detailed survey camera optical system. The property of the optical system is simulated and validated, the results
suggest that the resolution, transfer function, aberration and distortion of system are excellent.
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Table 1 Final structure parameters of TMC system

Surf Primary mirror Secondary mirror Third mirror
Radius/mm -6036.55 -2264.31 -2725.54
Thickness/mm -2264.31 5974.59 -3905.92
Conic -0.97 -2.01 -0.57
o 5 0.5 I = (2} f“’)‘\“‘ 150,00, PO (6
(a) ] yfp:rrn» 8 (E
1 2|
—S : |
s % 41 82 123 164 205 246 28.732.8 369 410

Spatial frequency in cycles per mm

1 (a) RELE MBI (b) TMC F G A% 328 o6 Eh 28 ]
Fig.1 (a) End view of system structure; (b) MTF curves of TMC optical system
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Table 2 Final structure parameters of Wetherell-TMA optical system

Surf Primary mirror Secondary mirror Third mirror
Radius /mm -58600 -19200 -28700
Thickness /mm -16000 17300 -19900
Conic -1.56 0.06 0.19
@ ) T VR VI T

i 0 41 82 12.3 164 205 24.628.7 32.8 36.94L.0
Spatial frequency in cycles per mm

B2 (a) RGELSHIMIPLIEL; (b) Wetherell=TM A £ i bR % il 2 121
Fig.2 (a) End view of system structure; (b) MTF curves of Wetherell-TMA optical system
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Table 3 Final structure parameters of Cook—=TMA optical system

Surf Primary mirror Secondary mirror Third mirror
Radius/mm -22300 -6376.14 -8959.47
Thickness/mm -10000 9999 -9760.88
Conic -0.82 -7.66 -0.15
\—»

0 41 82 12L3 16.4 20.5 24.6 28.7 32.8 36.941.0
Spatial frequency in cycles per mm

K3 (a) RGEEEHMBLIE; (b) Cook-TMA 1% 13 b Hi fih 25 141
Fig.3 (a) End view of system structure; (b) MTF curves of Cook—=TMA optical system
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Table 4 Final structure parameters of on—axisfour—mirrors optical system

Surf Radius /mm Thickness /mm Conic
Primary mirror -9352.85 -3366.27 -0.84
Secondary mirror -6575.49 4059.72 -10.36
Third mirror -2200.54 -1885.66 -0.21
Fourth mirror -2454.95 2023.82 431
® ) e TN T SR
i i i, 0.9 il
= 1 =0.8 e
o =
0.7
£0.6 =
0.5
804
i
i — B = - = 0.1
L 0

0 41 82 123164 20.524.6 28.732.8 36.941.0
Spatial frequency in cycles per mm

Bl 4 (a) RELTHIMBLIE; (b) R GEAL 1% R K 26 141
Fig.4 (a) End view of system structure; (b) MTF curves of the optical system
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BT RGWE R, KB R AR, B TR, B B D42 . REGEA O AME
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Table 5 Final structure parameters of one imaging off—axis four—mirrors optical system

Surf Radius/mm Thickness/mm Conic
Primary Mirror -44500 -7050 -10.58
Secondary Mirror -27300 8000 -4.96
Third Mirror -27000 -8226 0.25
Fourth Mirror -56000 5096 49.88
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0p 41 82 123 164 20.5 24.6 28.7 32.8 36.941.0
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F5 (a) RELEHMPLIE: (b) 750 1% 3 e th £ 18
Fig.5 (a) End view of system structure; (b) MTF curves of the optical system
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29000 mm, F %5 9.7, #1375 1°x0.3°, G RAL TR B . R G4 B R T : 5 H A 1600 mm(BHE H42), KK
1400 mm ., 5& 1000 mm(FHE 148, =i K 800 mm . 5 240 mm (B 11 42), PU4E K 2366 mm . % 1300 mm (%5 IE 11
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Table 6 Final structure parameters of two imaging off—axis four—mirrors optical system

Surf Radius/mm Thickness/mm Conic
Primary mirror -17000 -6104 -0.91
Secondary mirror -7361 6262 3.35
Third mirror -19200 -8194 -27.65
Fourth mirror 7873 8284 -0.22
® A I T T i
09"
o8
2 0.7
=06
805
20.4
=03
302
=01
L

O L
0 4.1 82 12.3 164 20.524.6 28.7 32.8 36.9 41.0
Spatial frequency in cycles per mm

K6 (a) RGELHIMPLEL; (b) 2 e A% i ok 2 ith & 4]
Fig.6 (a) End view of system structure; (b) MTF curves of the optical system
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Table 7 Contrast of all kinds of systems

Optical system Obscuration Ray axis Field Dimension MTF
T™MC Exist Coaxial Bias field (W)3204mm . (H)3204 mm ,(L.)5975 mm =0.41
Wetherell-TMA Non-existent Off-axis Rectangular field (W)3400mm ,(H)7257 mm (L)19900 mm  =0.61
Cook-TMA Non-existent Off-axis Rectangular field (W)3222mm ., (H)6643mm ,(L)10000mm =0.7
On-axis four—
) Exist Coaxial Circular field (W)3002 mm ,(H)3002 mm (L)4224 mm =0.5
mirrors system
One imaging
Non-—existent Off-axis Rectangular field (W)3600 mm ,(H)8882 mm ,(L)10332 mm =0.5
four—mirrors
Two imaging
Non-—existent Off-axis Rectangular field (W)3200 mm ,(H)6489 mm (L.)8294 mm =0.61
four—mirrors
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W LUA R GERE, AR Y B B A AL, AT S0 B0 R G T SR S, SE IR 100% 1Y% 5 AR
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Fig.7 MTF curves (full field, full wave—band, 41 Ip/mm) Fig.8 Spot diagram

[E1'9 [0 A% i 25 5]
Fig.9 Grid Distortion
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FEHA 2SR 8 FTR .
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Table 8 Tolerances of optical system

Displacement Primary mirror Second mirror Third mirror Fourth mirror
L Decenter X /mm 0.1 0.06 0.04 0.08
ine

Decenter Y /mm 0.1 0.06 0.04 0.08

displacement
Decenter Z /mm 0.1 0.02 0.04 0.08
Tilted X /arc sec 10 10 20 40

Angular

Tilted Y /arc sec 10 10 20 40

displacement
Tilted Z /arc sec 10 30 20 50
AR /mm -4 -3 -2 -1

Optical parameter
AK +0.002 +0.001 +0.003 +0.004

R GUAE VT I B 8 45 16 PR BT 0.65, E L& T F AR Z 5 & sk BUT % 2= 0.55, T IRIREZ R
10% , ¥ JE B3R

5 4 ®
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A5 AT AE WL XS AN [R] 23 ) AT 45 s ] DA B . 42 19 328 36 4 N 1 Y622 454 o FF AR 255 5 18 T 25 (R AR ML AL 14 1% in
TR VR R A7 LA K s 8] o 2 3R A R B9 A5 R e A e i A FE A L R TR — YR R RS A0 S Bl DY
BB RGN N 7 B RO 2R RGN M REIEAT T BRI B6 IR , BTHURN 50 00E 2 B 2R 45 0 0 i 4% 3 R
BAE AR S 57 4 U BE PR FRAE 0.61 LU b, 3l 30 AT S AR B 5 45 90 32 R BB 25 7 AR 42 2/ F 3.5 pum;
ARG i KA B AE /N 0.2% . AGE R T bR BEK 1 HAR 2= W AR 45 45 PR e 57 -
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