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Continuous Zoom Optical System for E-Vision Aid Device

Li Yiyu Chen Hao
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Wang Yuanyuan Zhu Dexi Jin Chengpeng Li Fan
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Abstract A 9.3 X continuous zoom optical system with fixed finite conjugate distance was designed for E-vision aid
device. By using optical design software, the configuration of the optical system and the evaluation of the optical
performance including modulation transfer function, spot diagram and diffuse spot in diameter were investigated. The
stability of the system performance was forecasted by using the tolerance sensitivity analysis and Monte Carlo
method. This mechanically compensated zoom lens combines four group components including a fixed front element,
moving variator, compensator, and a fixed rear element with a total of 11 pieces of lens. The optical system which

has a tube length of 76 mm and a front intercept distance of 262 mm can realize continuous zoom from 8.8~ 52 mm

without any image vignetting or obvious fluctuation in image quality.
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Fig. 1 Zoom optical system of two moving groups with

positive compenstor
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Table 1 Specification

Parameters Value
CCD size /mm 8.5
Magnification —0.03 ~ —0.28
Focal length /mm 8.7 ~ 52
Front intercept /mm 262
Rear intercept /mm 11
Optical tube length /mm <77
Object size at short focus /mm 190
Vignetting <10%
Wavelength Visible
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Fig. 2 Layout of optical system. (a) from object to

image surface at short-focus; (b)from first optical
surface to image surface at short-focus; (c)
mid-focus; (d)long-focus
3R ARG MR R, TS F1 T15 W 5%
ity 2 23 3] e 78 A A RN A2 20 10 8 B s Bl il 2L AR A
HIB TN 21 mm, BB P, *MEA
PR A 2.5 mm, 8 0k B 2R

50

20+

Focal length /mm
W
(=}

—_
(=]
T

10 20 30
Distance /mm

K3 o onis Bk, 924 . HE e 45 28 6 2 Y [E)
PR MLk B H SRR BE s ik AMEH S

J I 20 1y 18] BE

Fig. 3 Moving components trajectory, solid lines: spacing

between the fixed front element and moving variator;

dashed line: spacing between moving variator and

compensator;  dotted line;  spacing  between

compensator and the fixed rear element
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Table 2 Lens data

Radius  Thick-ness Focal length

/mm /mm /mm
OBJ Infinity 262.02
1 44, 30 6. 38
Fixed 2 —37.31 1.96
front 3 —510. 64 0.10 38. 80
element 4 28.19 3.04
5 89. 44 T5
6 21.04 1.27
7 10. 22 2.10
Variator 8 —26.94 1. 40 —7.81
9 9.03 1. 60
10 9.03 T10
11 13.29 3.50
12 —9.42 1.57
Compe-
13 —34.21 0.12 9.56
nsator
14 11.62 2. 40
15 —133.02 T15
STO Infinity 0.9
Fixed 17 —7.43 1.58
rear 18 4. 60 2.50 —11.53
element 19 —18. 25 11.0
IMA Infinity
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Fig. 4 MTF curve of zoom optical system. (a)short-focus; (b)mid-focus; (c)long-focus
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Table 3 RMS Radius /pm

FOV Short-focus Mid-focus Long-focus
0 4. 46 4.41 5. 60

0. 707 5.38 4. 80 8.33
1 7.53 6.27 9.85
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Table 4 Tolerance data

Parameters Range(=£)

Radius of curvature /fringes 5
Thickness /mm 0.03
Surface decenter /mm 0.03
Surface tilt (mm/radius) 0.03
Element decenter /mm 0.03
Element tilt /(%) 0.1
Surface irregularity /fringes 0.5
Index of refraction 0. 0001
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Fig. 6 Tolerance calculated with Monte Carlo method

(MTF value of 0. 707 FOV at mid-focus)
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Fig. 7 System prototype structure. (a)zoom optical system; (b) E-vision aids device prototype
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Fig. 8 Shooting with E-vision aids device. (a) short-focus; (b) mid-focus; (c)long-focus
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