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Design of Dual-Band, High Zoom Ratio and Continuous Co-focal Optical System

LI Xi -jie, LIU Jun, CHEN Yang
(School of Optoelectronic Engineering » Xi’an Technological University ,» Xi’an 710021, China)

Abstract: In order to increase the high resolution detection capabilities of zoom optical system in a
complex environment, and to solve the problems of the slow conversion speed of the optical path and
differences among the object information of different bands in the multi-band optical system, a visible
(0.38~0.76 pum) and middle infrared (3~5 pm) continuous co-caliber common zoom optical system with
working focal length of 7. 52~98. 35 mm and zoom ratio of 13X was designed . The zoom ratio variation
of visible and middle infrared at any zoom position was analyzed based on the positive compensation zoom
group theory. The three thin achromatic lens focal length compensation theory and dual-band expression
were derived. The power of zoom group and compensation group were matched rationally, making the
system have the same zoom ratio at any zoom position and focal length, which improved consistency of
dual-band target information. According to requirements, the dual-band athermal optical system with the
temperature of —40~ +60C was designed with the use of optical passive. The results show that the
system has compact structure, fast response and good overall image quality, which can achieve all-
weather day and night work.
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Table 1 Optical design specifications
Parameter Value
Work wavelength/pm 0.38~0.76/3~5
Zoom ratio 13X
F-number 4/3
Focal length range/mm 7.52~98. 35
Temperature range/ C —40~+60
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Fig. 2 Schematic diagram of the optical system
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Table 2 Last public detailed parameters of the system

Surface: type Radius/mm Thickness/mm

Object plane  Standard Infinity Infinity
1 Even asphere  170. 769 15.472
8 Standard 56.912 12.737
9 Even asphere —42.1 6.111
13 Standard 84.576 4.218
Field stop Standard Infinity 3.00
X3 E£EAH7.52 mm.60.02 mm.98.35 mm B} &
48 Jr (6] BEH

Table 3 Construction parameters of optical system with focal
length of 7.52 mm, 60. 02 and 98. 35 mm

Short focus Middle focus Long focus

ds, 2.1 30.07 41.32
dys 203.03 41.33 17.61
dyz 13.95 147.68 160. 15
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107" a0 = —6.537X107"; k=0, = —8.487X

(a) Structure diagram at focal length of 7.52 mm
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(a) MTF diagram at focal length of 7.52 mm

(c) Structure diagram at focal length of 98.35 mm
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Fig. 3 Visible light and mid-infrared light structure diagram
at each focal length of 7.52 mm ,60. 02 mm and
98. 35 mm
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Table 4 Relation between defocus amount under visible light

at different focal length position and temperature

Temperature  Short Middle Long System depth
/C EFL/mm EFL/mm EFL/mm of focus/pm
20 7.44 60.01 98. 31 18. 56
—40 7.46 60. 025 98. 31 18. 56
60 7.43 60.013 98. 32 18. 56
Systemdepth ) 501 004

of focus
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Table 5 Relation between defocus amount under mid-infrared
light at different focal length position and temperature

temperature  Short Middle Long  System depth
/C EFL/mm EFL/mm EFL/mm of focus/pm

20 7.43 60.08  98.38 75.6
—40 7.51 60.09  98.39 75.6
60 7.38 60.06  98.41 75.6
Defocusi
clocusing ) o 0.07 0.06
amount
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The MTF diagram and spot diagram of visible light at short focal length with temperature of —40C and 60°C
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