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Abstract
extend the depth of focus (DOF) of optical systems and control the defocus and defocus related aberrations. Another

Wavefront coding technology (WFC) is a kind of joint optical-digital imaging technology. which can

important character of the WCT is to enlarge the error budget of optical systems. The modulation transfer function
(MTF) invariance is defined in this paper and the comparison of MTF invariance among original system, wavefront
coded system with original tolerance and wavefront coded system with new tolerance is presented. The new tolerance
of wavefront coded off-axis three mirror anastigmatic system is presented according to certain criteria and the

application of WCT is validated quantitatively.
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Table 1 Main technical parameters of the wavefront

coded system under research

Field of Working

Focus F* .
view wavelength

fcut*off

2250 mm 9 0.934°X5°  0.6328 ym 57 Ip/mm
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Fig. 2 Wavefront map of wavefront coded system
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Fig. 3 Comparison of MTF curves between the new system (a) and the original system (b) when the defocus aberration

varies from —1. 252 to 1. 25) with increment of 0. 251 defocus
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Table 2 Original manufacturing tolerance of the system

Error Primary Secondary Tertiary

mirror mirror mirror
Geometric AR /mm +3.5 +1.5 +1.1
Parameters AK 0.00028 0.002 0.00031
Figure RMS A/50 A/50 A/50
error (A=632.8 nm) $220 m ¢122 mm $180 mm
3 WA AW TR
Table 3 Original aligning tolerance of the system
Error Pri'mary SeC(?ndary Te;‘tiary
mirror mirror mirror
AX /mm Reference 0.02 0. 05
AY /mm Reference 0.02 0.05
AZ /mm Reference 0.04 0.1
Oz /(" Reference 10 12
gy /(M Reference 10 12
0z /(" Reference 20 20

WL 5 o B AT 24 % 15
P IR JER G WAL A 9 16 6 L T 0.5 F B 31
T 0. 4 WA F 6 oft T LA BIE 1A 24 2% 5 4
RGP A AN T 0. 015, W 7 ofr s 7T LU 51,
R R P 1A AR D 4 7 2 4 1 4 Rl 22 15 2
R T AR 9 — BCHE 5 LA R 5 19 22 HUL T T Y
A

3 RGAE A 5 BT BT AL R ARBLRE XS L

Table 4 Comparison of MTF invariance among the original system with tolerance and the

new system with and without tolerance

Original system (with tolerance)

New system (without tolerance)

New system (with tolerance)

Defocus D D DY DY DI Dy
—1.251 0. 6884 0.2213 0.03305 0.01477 0.03319 0.01473
—1.00A 0. 5840 0.2031 0.02450 0.01241 0. 02480 0.01237
—0.75) 0.4292 0.1504 0.01549 0.009482 0.01572 0.009470
—0. 502 0.2340 0.08085 0.009300 0.005606 0.009460 0.005675
—0. 251 0.06221 0.02139 0.003310 0.001812 0.003430 0.001906
0 0 0 0 0 0 0
0. 252 0. 08524 0.02976 0.002410 0.001521 0.002230 0.001387
0.502 0.2790 0.09833 0.008270 0.005236 0.007930 0.004994
0. 752 0.4910 0.1765 0.01668 0.009265 0.01617 0.009030
1.00x 0.6458 0.2202 0.02619 0.01231 0.02562 0.01214
1. 251 0.7297 0.2197 0.03516 0.01462 0.03461 0.01446
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Fig. 5 Comparison of MTF between tradition systems

with and without the tolerance
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Fig. 6 Comparison of MTF between the new systems

with and without the tolerance
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Fig. 7 MTF curves of wavefront coded system with

tolerance within extended DOF
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Table 5 New aligning tolerance of secondary

mirror and tertiary mirror

Secondary mirror Tertiary mirror

Error Original New Original New
tolerance tolerance tolerance  tolerance
AX /mm 0.02 0.05 0.05 0.13
AY /mm 0.02 0. 05 0.05 0.13
AZ /mm 0. 04 0.15 0.1 0. 25
x /(" 10 30 12 25
0y /(D10 30 12 25
0= /(" 20 50 20 50
#6 HARERDZSLSH A XD THY
1% BRIRHABLHE X5 1L

Table 6 Comparison of MTF invariance between the new

systems with original tolerance and new tolerance

New system New system

Defocus (original tolerance) (new tolerance)
D' Diis DW'* Diis
—1.254  0.03319  0.01473  0.05112  0.01589
—1.00A 0. 02480 0.01237 0. 03907 0.01334
—0. 751 0.01572 0.009470 0.02772 0.01047
—0.50A 0.009460 0.005675 0.01729 0.007114
—0. 251 0.003430 0.001906 0.008680 0.003512
0 0 0 0 0
0. 251 0.002230 0.001387 0.008330 0.003469
0.50A 0.007930 0.004994 0.01514  0.006805
0. 751 0.01617 0.009030 0.01933 0. 009276
1. 00A 0.02562 0.01214  0.02018  0.010993
1. 252 0.03461 0.01446 0.01754  0.012674
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Fig. 8 Comparison of MTF between the new systems

with and without the new tolerance
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