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Design of Off-Axis All-Reflective Three-Gear Zoom Optical System with
Long Focal Length
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Abstract The zoom principle and primary aberration theory are used to study the design method of a mechanically
compensated all-off-axis reflective three-gear zoom optical system with long focal length. The initial structure solving
model for coaxial four-reflective mirrors zoom optical system is developed and based on the model, the adaptive variant
probability genetic algorithm developed is used to address it and the partial initial structure parameters of the coaxial system
is obtained; further, it is properly made off-center and tilt to remove the central obscuration issue of the coaxial optical
system, and the aberration of the off-axial system is corrected using optical design software Zemax. Using the design
method discussed above, an aspheric surface design is adopt in the optical surfaces of the system’s all-reflective mirrors,
yielding a high imaging quality off-axis four-reflective mirrors zoom optical system with three-gear zoom focal lengths of
300 mm, 600 mm, and 900 mm. The results show that the method provides an effective measure for an off-axis all-
reflective three-gear zoom optical system and that the system can be designed to meet practical needs.

Key words geometrical optics; optical system design; four-reflective mirrors; three-gear zoom; mechanical compensation;
long focal length
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Fig. 1 Structure and optical scheme of coaxial four-mirror reflective

zoom optical system
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adaptive variation probability genetic algorithm
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Table 1  Structural parameters of off-axial four-mirror reflective three-gear zoom optical system

Thickness /mm

Surface Type Radius /mm

/=300 mm f'=600 mm =900 mm
STOP Standard Inifinity 150. 00
Coordinate Break 0.00
M, Even Asphere —291.67 0.00
Coordinate Break —105.44
M, Even Asphere —121.36 0.00
Coordinate Break 141. 82 118.73 112.19
M, Even Asphere 477.05 0.00
Coordinate Break —135.35 —116.87 —108. 46
M, Even Asphere 132.27 118. 30 169. 87 230.43
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Table 2 Aspherical coefficients of each reflective mirror

Aspherical cofficient

Mirror
Conic 4™ order term 6" order term 8" order term 10" order term
M, —1.114 —2.051x10°" —3.742X10°" 2.194x10°" —3.764x10*
M, —3.544 6.310x10* —5.512x10"" —2.048x10° " 5.376X10°%
M, 16. 528 5.847x10° —6.097x10 " 1.745X10 " —1.807x10 *
M, —0. 307 1.639x10°° —5.011x10 " 1.830x 10" —2.237X107"

F 3 B Y A AR A O

Table 3 Final tilts and decenters of each mirror

R4 OLERGIURTERE ST R IR
Table 4 Field of view angle selected for imaging performance

analysis of optical system

Mirror  Tilt along X axis /(°)  Decenter along Y axis /mm

M, 1. 200 —130. 000 /=300 mm /=600 mm /=900 mm
M, —0.778 1.421 No- X/C) Y /() X /() Y/(C) X/C) Y/()
M, —10. 526 —87.322 1 —0.2 —0.3 —0.15 —0.2 —0.1 —0.1
M, —5.729 57.525 2 —0.14 —0.21 —0.105 —0.14 0.07 0.07
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Table 5 RMS radii of spot diagram of field of view angles listed in Table 4 at three-gear zoom position of optical system

RMS radius /pm RMS radius /pm RMS radius /pm

Field of view angle /() Field of view angle /() Field of view angle /()

/'= 300 mm f'= 600 mm /=900 mm
(—0.2°,—0.3%) 9.039 (—0.15°,—0.2%) 11.529 (—0.1°,—0.1°) 7.665
(—0.14°,—0.21°) 7.187 (—0.105°,—0.14%) 6.685 (—0.07°,—0.07°) 7.205
(0°,0%) 4.019 (0°,0%) 6.431 (0°,0%) 6. 454
(0.14%,0.21°) 5.948 (0.105°,0. 14%) 4.482 (0.07°,0.07°) 5. 857
(0.2°,0.3% 6.910 (0.15°,0.2°) 4.087 (0.1°,0.1%) 5.908
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