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Abstract For the traditional large field-of-view (FOV) off-axis reflective optical system, the initial configuration solves
only axial aberrations, while the off-axis image quality is poor, and it is difficult to optimize large FOV image quality.
Considering the above problems, this paper establishes an initial configuration solution method with joint aberrations of
Nodal aberrations and Seidel aberrations. A global simulated annealing algorithm is used to automatically obtain the
solution of the large FOV off-axis reflective initial configuration. As a result, the "positive-negative-positive" initial
configuration of the large FOV off-axis three-mirror system is obtained directly, with good image quality in the on-axis and
off-axis FOV. Finally, a compact freeform surface optical system with a large FOV of 30" X 3" is designed on the basis of
this initial configuration, which has a focal length of 500 mm and an F-number of 5. The optical system has good imaging
quality, no eccentricity or tilt, and easy assembly and alignment, which can provide a reference for the design of the wide-
format push-broom imaging space optical cameras.
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Fig. 2

Optimization process. (a) Flowchart of SA optimization; (b) iteration convergence process for imaging quality evaluation

function of linear FOV initial structure
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Table 1 Boundary values and optimal solutions of initial

structure parameters of off-axis three-mirror optical system

Parameter Lower limit ~ Upper limit Solution
a 0.1 0.5 0.5910
a; 0.5 1.0 0.9990
£ /10° —1.5 —0.5 —0.6795
B./107° —1.5 —0.5 —1.0700
ky —5.0 5.0 —1.3490
ky —5.0 5.0 0. 5660
ky —5.0 5.0 0. 2080
R, /mm — — —1209. 809
R, /mm — — —357. 264
R, /mm — — —503. 847
d, /mm — — —342.602
d, /mm — — 342.607
dy /mm — — —349.454

B3 gl 3 B il = S % R G LA RARBUT A o (a) RGEAR R &5 (b) s A 1E] 5 (o) 10 1 1% 128 R 4

Fig. 3 Off-axis three-mirror optical system with linear FOV of 3° and image quality evaluation. (a) Optical system layout; (b) spot

diagram; (c) modulation transfer function
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Table 2 Specifications of off-axis three-mirror optical system

with large FOV and freeform surface

Parameter Value

Focal length /mm 500

F-number 5
Full-field of view /[ (°) X
B 30X 3
("]

Full-field grid distortion /% <1

MTF /(50 lpsmm ™) >0.4

B4 Wk 207X 3 M B il = RO R G0 L AR BTN o (a) RGEA0 R (815 (b) =550 B 5 (o) 38 il 42 33 o 4L
Fig. 4 Off-axis three-mirror optical system with FOV of 20° X 3%and image quality evaluation. (a) Optical system layout; (b) spot

diagram; (c) modulation transfer function

3 W 207X ST R = ROt R B ETE S
Table 3  Structural parameters of off-axis three-mirror optical system with FOV of 20° X 3°

) Thickness / ) High-order term
Surface Type Radius /mm Conic
mm 4th 6th 8th 10th
Primary mirror Standard —1365.694 —367.330 —1.440 — — — —
Second mirror Standard —397.798 369. 969 0.819 — — — —
Tertiary mirror Even asphere ~ —545. 526 —390. 000 0.542 —2.62X10" 8.23X10°" 9.06X10* 7.52xX10°7
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Fig. 5 Three-dimensional layout of off-axis three-mirror optical system with large FOV of 30°X 3°. (a) Cross-section layout of optical

system; (b) 3D layout of optical system
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Table 4 Parameters of Zernike freeform off-axis three-mirror optical system with large FOV

. Thickness / . High-order term
Surface Type Radius /mm onic
mm 4th 6th 8th 10th
Primary mirror ~ Even asphere ~ —1300.72 ~ —320.00  0.29 8.28X10 " 3.47X10 " —3.25X10 % 1.37X10 *
Second mirror Standard —361.92 300. 00 — — — — —
Tertiary mirror Freeform —1653.68  —319.98 — 4.05X107°" —1.28X107" —6.17X107" —4.04X107*
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Fig. 6 MTF of freeform off-axis three-mirror optical system with large FOV of 30" X 3°
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Fig. 7 Grid distortion
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Table 5 Zernike freeform parameters for tertiary mirror

Term Value Term Value Term Value
Z, — Zs — Zys 1. 3876
Z, — Zu — Z —

Z, — Z\s 7.5470 Zy 0. 0359
Z, —27.7772 || Zy 7.5675 Ly —0.0696
Z; 0.2033 Zy; —0.3138 Zse —

Z — Z.s — Ze —

Z, — Zy — Zy —0. 0604
Z, 12.7432 Zy —0.4371 Zs 0. 0086
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