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Design of visual optical system based on Varifocal zoom structure

HU Shen-bao, ZHANG Jing’, ZHANG Gong, ZHANG Jun-ming, ZHANG Yan
(College of Optoelectronic Engineering, Changchun University of Science and Technology,
Changchun 130022, China)
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Abstract: Most of the current visual training products available on the market use electronic screens to dis-
play objects of varying dimensions and distances, thereby stimulating the ciliary muscle through looking at
the screen for visual function training. However, this method involves blue light radiation, which poses a po-
tential hazard to the human eye. To address this issue, a visual optical system based on a Varifocal zoom
structure has been designed. The system achieves continuous magnification of optical power by manipulat-
ing the lateral movement of two sets of lenses perpendicular to the optical axis. This simulates changes in ob-
ject distance and stimulating ciliary muscle regulation training. This paper first derives the surface shape lim-
its of variable focal length lenses, incorporates the variable focal length spherical effect equation to optimize
the basic surface shape of Alvarez lenses, and uses Zemax software for design. The designed lens surface is
characterized by a third-order XY polynomial free-form surface, with a maximum relative vertical axis offset
of 5.6 mm between the two groups of lenses, achieving continuous magnification of refractive power

between +4D and —8D. The design results indicate that the full-field modulation transfer function exceeds 0.3
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at a Nyquist frequency of 30 lp/mm, with root mean square (RMS) radius values approaching the Airy spot

radius value and distortion below 2%. The imaging quality of this optical system is satisfactory.

Key words: progressive multifocal; optical power; Varifocal; Alvarez lens; free-form surface
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Fig. 2 Alvarez lens zoom principle. (a) Parallel glass plate;

(b) convex lens; (c) concave lens
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Tab.1 Parameters and indicators of continuous zoom

optical system

Parameter Value
Wavelength/nm 486~656
Full field of view /(°) 15
Entrance pupil diameter/mm 4
Focal power variation +4D~—8D
Distortion/% <2%
MTF 30line pairs >0.3
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Fig. 3 3D view of continuous zoom optical system
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Tab.2 Basic parameters of continuous zoom optical

system
Type A Radius Thickness Material
Standard - JakR 3 APL5014CL
XY polynomial —0.0006 —3.940E-09 1
XY polynomial —0.0006 —3.940E-09 3 APL5014CL
Standard - JERR 12
T ewe e N
Standard(stop)
(L) - 10.100 0
AR e s N

®3 XY ZHREHRHERY

Tab.3 XY polynomial free-form surface coefficients

Coefficient Value
X3 2.11x10™*
XY? 6.31x10™*
X? 2.01x10°°
Y? 1.38x10°¢
X 3.48x107°
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Tab.4 System tolerance settings

Type Operator Item Target
TIND Index 0.0005
Index tolerances
TABB Abbe 0.3
TIRR Irregularity 0.5
TFRN Radius/fringe 3
Surface tolerances TTHI Thickness/mm 0.002
TSDX(Y) Decenter/mm 0.02
TSTX(Y) Tilt/° 0.0167
TEDX(Y) Decenter/mm 0.015
Element tolerances
TETX(Y) Tilt/° 0.0167
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Fig. 10 Monte Carlo analysis chart
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