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Design of High-Density Coaxial Four-Mirror Optical System with
Field-Bias and Multi-Light-Channel Coupled
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Abstract: With the increasing development of light and small satellite technology, high-density optical
payload has become a new hotspot research in space optical field. The field-bias and multi-light-channel
coupled coaxial four-mirror optical system has the advantages of long focal length, large field of view and
high degree of lightweight, which can satisfy the high-resolution, multi-function and low-cost applications
of the optical payloads. Therefore, it has a widely application prospect in the field of light and small optical
remote sensing payloads. Based on Gaussian optics and third-order aberration theory, the initial configuration
of the coaxial four-mirror optical system is analyzed. An example of field-bias with visible spectrum and
MWIR spectrum coupled optical system which is suitable for push-scanning is given. The visible channel
has a focal length of 4m, working spectrum of 0.45um~0.85um, relative aperture of 1:10, the MWIR channel
has a focal length of 1.6m, working spectrum of 3.7um~4.8um, relative aperture of 1:4, and the FOV of both
channels are 1.4°%0.2°. The imaging quality and tolerance of the system are analyzed, from the results of the
analysis, the imaging quality of each channel approaches the diffraction limit, the total length of the optical
system is less than f*yisinie/5.48, the system has higher compression ratio, and has easily implemented quality
because of the relatively loose tolerance about processing and assembling.
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Fig.1 Layout of coaxial four-mirror optical system
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Fig.2 Initial configuration of the system
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Table 1 Parameters of coaxial optical system

Radius/mm Thickness/mm Conic Aspheric surface high-order term Mirror size/mm
Primary Mirror -1028.272 -420 -0.9868 8th D400
Secondary Mirror -224.486 676.2 -1.5875 — D83
FM — -175.3 — 98x65
Tertiary Mirror 403.217 230.5 -1.1245 8th 148x56
Quartus Mirror -981.876 -237.21 — ®53

B3 RGOk A
Fig. 3 Imaging optical path of the system
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IR RAE T (0.35°, 0.75°) 0.0155 0.0281
Y 7= 3]
RI3 MFRGRKGE (0.49°, 0.75%) 0.0179 0.0255
Table 3 Wavefront error (0.70°, 0.75°) 0.0198 0.0281
FOV VIS WFE RMS MWIR WEE RMS (0.70°,0.65°) 0.0197 0.0292
(0°,0.75°) 0.0183 0.041 (:0.70°, 0.85°) 0.0266 0.03
* 4 BRESTIEE
Table 4 Spot diagram of different spectrum
Channel
No. FOV
VIS Channel MWIR Channel
*W RMS=0.0027 RMS=0.0097
1 (0°,0.75°) ( ;-
N 100%=0.0063 100%=0.018
PN RMS=0.0021 RMS=0.0061
2 (0.35°,0.75°) . i J
N 100%=0.0051 100%=0.013
PN RMS=0.0020 RMS=0.0062
3 (0.49°, 0.75°) '
y 100%=0.0047 ' 100%=0.019
VR RMS=0.0021 RMS=0.0063
4 (0.70°,0.75°) .
N 100%=0.0038 A, 100%=0.019
VPN RMS=0.0020 RMS=0.0069
5 (0.70°, 0.65°) &
N 100%=0.0045 ; 100%=0.025
i RMS=0.0026 RMS=0.0076
6 (-0.70°, 0.85°) o W '
N 100%=0.0056 100%=0.022

()l OtIEIE (byh e shiEE
Kl 6 @i MTF ik
(a)Visible channel (b) MWIR channel
Fig.6 MTF curves of different channel
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(a)Visible channel (b) MWIR channel
Fig.7 Grid distortion of different channel
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Table 5 Tolerance allocation result of visible channel

Type Item Primary mirror Secondary mirror Third mirror Quartus mirror
Displacement x/mm 0.05 0.03 0.08
Displacement y/mm 0.02 0.05 0.05
Reference
Assembling Displacement zmm 0.1 0.05 0.08
Tilt /(") or 15 20 20
alignment
Tilt B/(") 10 10 20
Tilt y/(") 30 20 —
AR/mm 1 0.5 0.8 1
Manufacturing AK 0.0008 0.002 0.002 —
AB 5.0x1020 — 5%10°17 —
AC 5.0x10"» — 5%1020 —
Surface error
A/50 A/60 A/50 A30
RMS(A=632.8nm)
*6 FURAIMNBEAENTER
Table 6 Tolerance allocation result of MWIR channel
Type Item Lens 1 Lens 2 Lens 3 Lens 4 Lens 5
Displacement x/mm 0.02 0.05 0.02 0.04 0.05
Displacement y/mm 0.02 0.05 0.02 0.04 0.05
Assembling Displacement z/mm 0.04 0.08 0.04 0.1 0.1
Tilt /(") 15 20 15 15 20
Tilt BA(") 15 20 15 15 20
DLF 3 3 3 3 3
Manufacturing AK (concave surface) 0.002 — — 0.002 —
Surface error RMS(4=632.8nm) /30 /30 /30 /30 /30
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Table 7 Results of tolerance analysis

MTF

Cumulative probability

Visible (71.4lp/mm)

MWIR (25]p/mm)

50% 0.371
84.1% 0.363
97.7% 0.351
99.9% 0.332

0.395
0.347
0.318
0.305
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