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Design on internal focusing optical system with zoom lens of freeform

Jiang Tingting, Feng Huajun, Li Qi"

(State Key Laboratory of Modern Optical Instrumentation, College of Optical Science and Engineering,
Zhejiang University, Hangzhou 310027, China)

Abstract: Optical systems equipped with focusing ability are crucial for space exploration. The internal focusing
optical system was designed which was based on the vertical deflection of the freeform surface. Specifically, the
system used a special structure of the freeform surface to establish a lens group. It used the zoom ability of the
vertical deflection to improve the imaging location thus adapting to different conditions such as wide range
imaging or diverse space environments. The zoom theory of the freeform lens group was analyzed, and zoom lens
of freeform was successfully applied to the optical system whose focal length was 100 mm. Then the imaging
quality and displacements were analyzed when the object and image distance were changed accordingly. The
results show that the Modulation Transfer Function (MTF) of the optical system is better than 0.3 at the Nyquist
frequency which means satisfying quality of image. The system is stable in imaging and can provide
compensation on the micron scale.
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Tab.1 Specific parameters of internal focusing optical

system

Parameter Value
Focal length/mm 100

F number 5.6
Field of view/(°) 12
Wavelength/nm 450-700
Total length/mm 115
Size of pixel/um’ 5.5x5.5
Object length/m 1.5-Infinity
Temperature/°C —100~100
Atmosphere/atm 0-1

&2 BHEEERENSEES

Tab.2 Specific parameters of freeform lens

Title Type Ay Radius Thickness Materials
Sphere - Infinity 1.5 H-ZPK7
Lens 1 . .
XY polynomial  0.0009 Infinity 0.1
XY polynomial 0.0009 Infinity 3 H-ZPK7
Lens 2
XY polynomial —0.0009 Infinity 0.1
XY polynomial —0.0009 Infinity 1.5 H-ZPK7
Lens 3
Sphere - Infinity 2
Sphere - 32.74 5.30 H-ZK11
Lens 4
Sphere - 97.91 20.26
Sphere - 42.76 5.64 H-ZK11
Lens 5
Sphere - -36.33 0.64
Sphere - -33.70 4.50 H-ZF3
Lens 6
Sphere - 103.82 1.88
Sphere - —32.88 3.02 H-ZF3
Lens 7
Sphere - 24.68 1.59
Sphere - 25.87 8.91 H-ZK9B
Lens 8
Sphere - 34.59 3.99
Sphere - 74.32 4.71 H-ZF12
Lens 9
Sphere - —44.04 46.37
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