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Fig.1 Schematic diagram of the folding imaging system
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Tab.1 Initial structure parameters

Surface Radius/mm Distance/mm Conic
M, —43.576 —4.850 3272
M, 229.697 4.700 91.869
M; 107.812 —4.895 —336.062
My —27.388 - -18.507
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Fig.2 Optical layout of the imaging system
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Tab.2 Basic surface parameters
Surface M, M, M3 My
Radius/mm —67.998 —239.1149 —132.9414 —64.7218
Distance/mm —15.485 18.15515 —12.74705 24.65042
Diameter/mm 66.2129 52.86353 52.75673 32.0385
Conic coefficient 0.29199 67.76022 2.859459 —25.448
xR 3 BRAEBKERE
Tab.3 High order aspheric coefficients
Surface M, M, M; My
A, 0.0015293882 —0.007 5416624 0.005 6460009 0.0015335974
Ay —1.096 289 6¢-006 4.375154e-006 —2.649721 8e-007 —1.296 045e-005
Ag 1.5847328e-010 3.5537337¢-009 —1.655 146 6e-009 7.489 172 1e-009
Ag 3.3404588e-013 3.7951706e-012 —3.5939478e-013 3.4871654e-011
Ao 5.8294423¢-016 —5.2626752e-015 1.6072703e-015 —4.9330029¢-013
Ay —5.4089482¢-019 4.9805961e-018 —3.6151876e-018 2.1115162e-015
Ay 2.624 827 8e-022 —2.536093 5e-021 2.996 809 8e-021 —4.6380052¢-018
A 5.322143¢-026 —8.990404 3e-025 —1.1493177e-024 4.0505877e-021
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Fig.3 Modulation transfer function (MTF) curve |
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Fig.5 Calculation of normal rays reflected off the test surface to

determine the CGH position
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Fig.6 CGH design for the primary mirror and the tertiary mirror
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CCD 14 2 9 1000 pixelx1000 pixel, =555 = Bk Il
BIET L E AR B 0.6 mm 5 1 mm, £ 462 #1552
MR AT AR T, (EAR—3- )2, =5 CGH
B (+3, 0), (0, +3) HIKAH A W AR T, W2k
¥ CGH & 5 FE B M 43 mm, CGH 3| =45 T0 5 FE
BIUCH 20 mm, WAAAEWNIEL 7 firs (+3, 0) UK A& 1)
% . RS R CGH BIME S B (Rl B A A
) AL BE B3, T K% CGH ) = 45 T9 5 15 85 ol hy
18 mm W W] DLk G AR T4, aniEl 8 B, =% R
] (628 W 9% B2 1 mm AR FLSE AR, A2 it

Reflected ray \ g3
\

CGH
/
Incident ray
Point
source

™ Ghost reflection
region on S3
= Footprint on S3
7 4 CGH 3G SHE 2 43 mm, B =5 TS B2 20 mm i (+3,

0) FaR AT FR A AR T
Fig.7 Annular ghost fringes generated by (+3, 0) orders when the
distances of CGH to the point source and the tertiary mirror are

43 mm and 20 mm, respectively
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Fig.8 Ghost fringes are eliminated when the distances of CGH to the
point source and the tertiary mirror are 45 mm and 18 mm,

respectively
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Fig.9 CGH design for the secondary mirror and the fourth mirror with a

4-inch f/3.3 TS
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Fig.10 Ghost reflection of the fourth mirror CGH (-1 order) with a 4-
inch f/3.3 TS
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Fig.11 CGH design for the secondary mirror and the fourth mirror with
a 6-inch f/3.5 TS
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Fig.12 Diamond turning of the monolithic primary mirror and tertiary

mirror
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Fig.13 CGH null test of the monolithic primary mirror and tertiary

mirror
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Fig.14 Surface error and null fringe interferogram of the primary mirror

and tertiary mirror
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Abstract:

Objective Photoelectric imaging system serves as the “eye” of all kinds of equipment, which plays an
indispensable role in scene detection and target recognition. To acquire more abundant target information, one of
the development directions is multi-band fusion detection. However, the existing multi-band imaging system
mostly adopts the discrete structure, with large system volume architecture, high manufacturing cost, and lack of
spatial consistency due to parallax between the discrete systems. The challenges pose difficulties in image fusion
and other back-end processing. Multi-band common aperture, also a common configuration, is generally used to
split the front optical path with optical components, and subsequently respond to the detection requirements of

different bands through the discrete rear optical path. To address these issues, coaxial folded mirrors for

visible/near-infrared imaging systems are designed in this paper.

Methods To guarantee the surface accuracy and relative orientation accuracy for multiple mirrors, an
interferometric null test with a computer-generated hologram (CGH) is proposed (Fig.5). Diamond turning
technology is applied to machining the mirrors. In this approach, two CGHs are designed for the null test of the

monolithic primary/tertiary mirrors and the monolithic secondary/fourth mirrors (Fig.6, Fig.9). Ghost image of
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disturbance orders of diffraction is effectively separated by properly choosing the power carrier and the axial
position of the CGH. A single CGH is capable of simultaneously measuring both the surface error and the relative
orientation error of multiple mirrors (Fig.8). The result of the interferometric null test shows multiple mirrors are
measured with nearly null fringes, indicating high accuracy in terms of surface form and orientation. Moreover,

no ghost disturbance is observed.

Results and Discussions  The optical components undergo the diamond turning process, and the mirror blank is
shared among the primary mirror and the three additional mirrors, allowing for simultaneous processing (Fig.12).
After processing, a CGH is used to conduct zero compensation measurements on both mirrors (Fig.13). The
measured surface shape error is shown (Fig.14), and the primary mirror and the three mirrors demonstrate a
combined surface shaper error of PV 0.874, RMS 0.124; Interference diagram reveals that the ghost image stripes
only exist outside the main mirror and the three mirror stripes, and they do not form interference. The primary
mirror and the three mirrors reach a near-zero fringe state at the same time, indicating a high level of surface
shape accuracy and mutual pose accuracy (reaching the sub-wavelength level), which meets the imaging

requirements of the system.

Conclusions The study proposes an interferometric null test with a CGH for the coaxial folded mirrors in
visible/near-infrared imaging systems. The method involves the creation of multiple holographic regions with
different functions on the same CGH substrate, which allows for the generation of the aspheric wavefronts of
different shapes after the diffraction of the incident test wavefront. Consequently, the zero position of different
mirror shapes can be tested at the same time. Following ultra-precision machining based on CGH compensation
measurement, the mirror shape accuracy and pose accuracy attain a sub-wavelength level, which realizes direct
assembly without additional assembly and adjustment for optimal imaging performance. Similarly, by positioning
reference processing, multiple similar systems are nested coaxially, which enables multi-band coaxial imaging
from visible light to near-infrared. Such capability holds obvious advantages for unmanned platform target
detection and fast image fusion processing.
Key words: visible/near-infrared imaging system;  folded mirror;  interferometry; CGH;

high-order aspheric surface
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