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Tab.1 The basic parameters of off-axis aspherical

mirror
Parameter Value
D 352 mmx192 mm
r —1190 mm
k —0.9001
dx 0
dy —148 mm
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Fig.3 CGH null compensator layout for off-axis aspheric testing
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T 118 0T 7 LA R A G 0 3o i b (O o 5% 1 37 B G A b
PRV AL, 7E 5 09 S A B AR BT T AU
BE, B AHEEER TR +1 AT S R, AR
Y& BEAE CGH 4k ] SF 28 10 mmx6 mm A9 4 T [X 48,
CGH |5 B ARFR M50 (30, 33). (—30, 33). (0, -33).
(=30, —33). (30, —33), ¥ 1 75 Ga fi b o7 B 53 A dn il 9
FR LA E AR % N A4 Mgl
A BRSSO, 0), AN AN R T (149.7, 98).

Pl 9 ST B % s T 0 A 7 S A

Fig.9 Spot pattern projection distribution map on mirror

202501564



Vol.54 No.6

http://www.irla.cn/article/doi/10.3788/IRLA20250156

Jun. 2025

(—149.7, 98). (0, -98). (178, 0). (178, 0).
2 &

SO T — R TR BTG A IT R Y S il
AT AT S B A v A R T AN T i o o RN
Fo 15 RERE B A AR 2R A% 2= B b AT 0 AN
7 A 5l S T X R A Al K X O ) [
BB EAT T AMEBLE, TR R M4 = T R SEHY
RERA AR 44 TRESLH), PR i T A%
THI7 R AT B AR BRI AN, AT 25 iR A%
TUAF AR X0 9 . e e 3 DT IN A O 2 B A
R GLUR AT 45 S P il i K1 X 25 X IR 0 25 B0
JEHATVOT AR, BT AR T LA ), BT 30
PR 77 %, n] LA Rt 52 B T Al Al 2R 9 2 o7 b
it %7 TR W SORE v R DG R ST R A
A — o A B TR

S 3k

[11 WANG Y N, LIU W Q, MENG X X, et al. Development of an
immersive virtual reality head-mounted display with high
performance(J]. Applied Optics, 2016, 55(25): 6969-6977.

[2] MA Linfeng, LIU Zhiying, HUANG Yunhan, et al. Optical
design and analysis of illumination system based on augmented
reality [J]. Journal of Applied Optics, 2022, 43(2): 179-190.

[31 ZHU Z B, WEI S L, FAN Z C, et al. Freeform illumination
optics design for extended LED sources through a localized
surface control method [J]. Optics Express, 2022, 30(7): 11524-
11535.

[4] ZHANG Shuang, QIN Hua, YANG Kai, et al. Particle swarm
optimization method for designing aspheric lens Gaussian beam
shaping [J]. Infrared and Laser Engineering, 2017, 46(12):
1206005. (in Chinese)

[S] LAMPRECHT B, ULM A, LICHTENEGGER P, et al
Origination of free-form micro-optical elements using one- and
two-photon grayscale laser lithography [J]. Applied Optics,
2022, 61(8): 1863-1875.

[6] LUO Jing, WANG lJinxin, JU Guohao, et al. Computer-aided
alignment for large-aperture off-axis three mirrors optical system
with artificially random air flow[J]. Optics and Precision

Engineering, 2022, 30(7): 802: 812. (in Chinese)

(7]

[10]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

20250156-5

LI Xinghua, ZHANG Dong, GAO Lingyu, et al. Study on line-
of-sight deflection error for off-axis three mirror system [J].
Infrared and Laser Engineering, 2018, 47(9): 0918005. (in
Chinese)

CHEN Shanyong, XUE Shuai, XIONG Yupeng, et al. Research
progress of ultra-precision measurement of optical surfaces for
manufacturing [J]. Laser & Optoelectronics Progress, 2023,
60(3): 0312011. (in Chinese)

CHEN Qinfang, LI Yingcai, MA Zhen, et al. Alignment of off-
axis conic aspheric mirrors in stigmatic null test [J]. Acta Optica
Sinica, 2011, 31(2): 0222001. (in Chinese)

LIANG Zijian, YANG Yongying, ZHAO Hongyang, et al.
Advances in research and applications of optical aspheric surface
metrology [J]. Chinese Optics, 2022, 15(2): 161-186. (in
Chinese)

MACGOVERN A J, WYANT J C. Computer generated
holograms for testing optical elements[J]. Applied Optics, 1971,
10(3): 619-624.

ZHOU P, BURGE J H. Fabrication error analysis and
experimental demonstration for computer-generated holograms
[J]. Applied Optics, 2007, 46(5): 657-663.

DUBIN M B, SU P, Burge J H. Fizeau interferometer with
spherical reference and CGH correction for measuring large
covex aspheres [C]//Proceeding of SPIE, 2009, 7426(S): 1-10.
PETERHANSEL S, PRUSS C, OSTEN W. Phase errors in high
line density CGH used for aspheric testing: beyond scalar
approximation [J]. Optics Express, 2013, 21(10): 11638-11651.
ZHANG Yuxin, LI Fazhi, YAN Lisong, et al. Long focal length
aspherical mirror testing with CGH and auxiliary lenses (invited)
[J]. Infrared and Laser Engineering, 2022, 51(9): 20220384.
(in Chinese)

SU Hang, WANG Xiaokun, CHENG Qiang, et al. Sub-aperture
stiching and CGH mixed compensation for the testing of large
convex asphere (invited) [J]. Infrared and Laser Engineering,
2022, 51(9): 20220576. (in Chinese)

X5E. BT 2 CGH RYIEBR A ERWIE [D]. R 5t: FE
TR, 2009.

SHEN Hua, ZHU Rihong, GAO Zhishan, et al. Design and
fabrication of computer-generated holograms for testing optical
freeform surfaces [J]. Chinese Optics Letters, 2013, 11(3):
032201.

ZHU D Y, WANG F, LI P, et al. Research on hybrid
compensation testing of convex aspherical mirror [J]. Optics and

Lasers in Engineering, 2020, 132: 106108.


https://doi.org/10.5768/JAO202243.0201001
https://doi.org/10.3788/IRLA201746.1206005
https://doi.org/10.1364/AO.448897
https://doi.org/10.3788/IRLA201847.0918005
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.37188/CO.2021-0143
https://doi.org/10.1364/AO.46.000657
https://doi.org/10.1364/OE.21.011638
https://doi.org/10.3788/COL201311.032201
https://doi.org/10.1016/j.optlaseng.2020.106108
https://doi.org/10.1016/j.optlaseng.2020.106108
http://www.irla.cn/article/doi/10.3788/IRLA20250156

% 64 EHEF: HELLREAME B MIERE T AN R FH) # 54 %

CGH null compensation testing method of off-axis aspheric
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Abstract:

Objective As the core component of high-performance space cameras, off-axis mirrors can be used to realize
the design of space cameras with large fields of view and long focal lengths. The high-precision surface map is
the guarantee of high-quality imaging of space cameras. In order to solve the high-precision surface map testing
of off-axis aspheric mirrors and ensure the imaging effect of space remote sensing cameras, a high-precision
surface map testing method for off-axis aspheric mirrors is established based on computer generated hologram
optical components, and the high-precision testing of off-axis aspheric mirrors is realized. This provides the
necessary conditions for the fabrication of ultra-precision optical systems.

Methods In order to improve the utilization of light energy and improve the detection accuracy, the off-axis
aspheric surface was moved to the axis by adding translation and tilt to carry out the null compensation design.
This method can avoid the compensation design of the coaxial parent mirror corresponding to the entire off-axis
aspheric surface, so as to greatly improve the energy utilization. The spatial position of the mirror to be measured
can be determined by designing the reference spot, the interference testing of the mirror to be measured can be
realized with high precision through aberration adjustment, and the interference diffraction order can be
effectively separated by using the carrier frequency, so as to achieve high-precision measurement of the mirror
surface to be measured.

Results and Discussions Null compensation design is performed by adding translation and tilt to move the off-
axis aspheric surface onto the axis. It avoids the compensation design of the whole coaxial mirror corresponding
to the entire off-axis aspheric surface, thus greatly improving the energy utilization. The relevant design results
are shown in Figure 3-Figure 8. The author conducted a detailed analysis of the optical path structure, including
the spatial relative positions of the interferometer, the CGH, and the off-axis aspheric mirror. To properly position
the aforementioned optical components, auxiliary zones were designed to achieve precise alignment among them.
The fitting residual of the main zone is zero, indicating that the design accuracy meets the requirements of the test
results. The fringe density in the main zone does not exceed 137 lp/mm, with a periodic spacing of no more than
7.3 um, which meets the fabrication capability of laser direct writing systems and enables high-quality patterning
of CGH fringes. The alignment zone pattern was designed using the +3rd diffraction order, featuring an annular
fringe configuration. With a fringe density not exceeding 251 lp/mm and a periodic spacing no greater than
3.98 um, this design remains compatible with laser direct writing systems for high-precision fabrication.
Additionally, during testing, the diffraction spots of various orders can be fully separated. This effectively
prevents light from other diffraction orders from interfering with the measurement results as stray light during
testing.

Conclusions A high-precision surface map testing method for off-axis aspheric mirrors are proposed based on
computer generated hologram optical elements. By adding translation and tilt to move the off-axis aspheric

surface to the axis for null compensation design, this method effectively avoids the null compensation design of
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the whole coaxial mirror corresponding to the entire off-axis aspheric surface, so as to greatly improve the energy
utilization rate of the system. Combined with engineering examples, it analyzes in detail how to consider the
precise alignment of each optical element, how to effectively separate each diffraction order in the design of the
main region, and how to design the fringe density of each region in combination with the actual manufacturing
level when using the design method for off-axis aspheric compensation design. From the design results, it can be
seen that based on the method, the null compensation design for off-axis aspheric surface can be effectively
realized, and the establishment of this method will provide some technical support for the manufacturing and
testing of high-precision optical systems.

Key words: off-axis aspherical surface;  interferometry;  null compensation;

computer generated hologram
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