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Abstract: As existing optical design software depends on the selection of an initial structure,a solving
method of initial structure for four-mirror optical systems based on genetic algorithm was proposed to
obtain the initial structure with good image quality and special structural configuration. The aberra-
tion of a coaxial four-mirror optical system was analyzed according to primary aberration theory. The
objective function composed of primary aberration coefficient with weight and constraint conditions of
structural configuration was established. Then, optimization solution was implemented for the objec-
tive function by introducing genetic algorithm and the coaxial four-mirror initial structure with good
image quality and special structural configuration was obtained. Finally,an off-axis four-mirror optical

system with a long focus of 1 200 mm,a large visual field of 20°X4° and a large relative aperture of
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F/4 was designed based on the initial structure. Structural configuration of the system is compact.
Modulation transfer functions of all fields are more than 0. 52 in the position of 50 Ip/mm. As com-
pared with traditional methods,the design method based on genetic algorithm does not need given ini-
tial conditions. It provides the initial structure with good image quality and special structural configu-
ration for four-mirror optical systems and has extensive application prospects in reflective optical sys-
tem design.
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Tab. 2 Parameter range
. Parameter Range
o (23] [071]
1 . az [071]
Qas [1 92]
1 B [—5,0]
Tab. 1 Specification of off-axis four-mirror optical system B [0,3]
5 r—— B [0,1]
: arameter peciiication k, [7 5, 51
Effective foc'al l'englh/mm 1 200 L, [—5,5]
Entranc.c pupil .dlamcotcr/mm 300 L, [—5,5]
Field of view/ (") 20X 4 L, [—5.5]
F-number 4
Wavelength/nm 486.1~656. 3
MTF(all fields)/(p * mm ') >0.5@501 s
) 2 .
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0.02, N=500, o F : o
) ’ [}
di | =d,|=1d,|=0.91d,], F 0 S
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Tab. 3 Parameters of initial structures
No. ai az as e Be Bs ky ks ks ky Weights
1 0.56 0.67 1.27 —3.00 2.80 0.21 —0.08 2.08 0.21 0. 29 [21 111 555]
2 0.52 0.72 1.37 —3.24 1.33 0.28 —0.53 0.70 1.78 0.27 [12 111 555]
3 0.53 0. 81 1.28 —4.53 1.13 0.33 —0.56 —0.23 0.45 0. 24 [11 211 555]
4 0.51 0. 80 1.48 —4.84  0.53 0.47 —0.55 1. 14 —0.77 0.21 [11 121 555]
5 0.50 0.58 1.43 —2.35 1.67 0.33 —0.47 1.28 0. 64 0. 26 [11 112 555]
3 s Q1 ) MTF) ’ ’
sQ2 ’ N MTF N o
5 o b b
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Fig. 3 Convergence curve of objective function

Fig. 4

5
Fig. 5

4

Layout of initial structure

MTF of initial structure

7°~11°

4
Tab. 4 Prescription data for off-axis four-mirror

optical system

Surface Surface type Radius Thickness
1 XY Polynomial —7 936. 88 —800. 49
2(Stop) XY Polynomial —11 509. 96 700. 00
3 XY Polynomial 1 187.72 —851. 35
4 XY Polynomial 1 712.57 1 000. 00
6

Fig. 6 Layout of off-axis four-mirror optical system

(a)
(a)Central fields

(b
(b)Edge fields
7

Fig. 7 MTFs of off-axis four-mirror optical system
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