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Design of compact dual-field lens for visible light

Zhou Enyuan, Cao Yueqin, Shi Jianping, Chang Bo, Zhang Jinhui,
Lu Wenhou, Zhang Zhang, Xing Meihua, Lu Guojun

(North Information Control Research Academy Group Co., Ltd., Nanjing 211153, China)

Abstract: To make observing and sighting system realize detecting and recognizing function with simple and
compact structure, optical compensation method is selected to design compact dual-field lens working at visible
light. Firstly, camera was selected and focal length was calculated according to specifications of filed angle and
operating range, F' number was calculated according to pixel size and minimal illumination of the selected
camera, the characters of dual-field optical system were analyzed. Secondly, conventional fixed stop position
scheme and switchable stop position scheme were compared, it was concluded that the latter realized total optical
length, maximal effective aperture, zoom stroke compressed and larger relative aperture, better image quality.
Finally, compact dual-field lens working at visible light composed of 11 lenses, with total optical length 150 mm,
maximal effective aperture @42 mm, zoom stroke 35.97 mm was designed by switchable stop position scheme.
The lens ’s parameters were: short focal length was 32 mm, F number was 2.3, met the requirements that
horizontal field angle was larger than 12° and detecting range was farther than 5 km; long focal length was 126 mm,
F number was 3, met the requirements that horizontal field angle was larger than 3°, distortion was less than
0.5%, and recognizing range was farther than 5 km. Designing results show that for short focal length 32 mm and

long focal length 126 mm, MTF curves of all fields get higher than 0.45, RMS spot diagrams of all fields are less
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than or close to 4 pum, image quality is good enough. Tolerance analysis showed, at 135 cycles/mm, the
probability that MTF curves of all fields were higher than 0.3 was 90% above.
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Parameters

Tab.1 Related optical indicators of observing and

Specifications
Horizontal field angle/(°)
Dimension of target/m

=12(Detection) =3(Recognition)
Operating range/km

% 50 A

4.6x2.3(Equivalent length: 3.3)

=5

Atmospheric visibility/km =10

Ambient illuminance/lux =300
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Tab.2 Related specifications of the CMOS image

sensor used

Parameters Specifications

Image sensor 1/1.9 in CMOS image sensor

Valid pixels 1 920(H) x1080(V)
Pixel size 3.75 pm(H)x3.75 pum(V)
Minimal illumination 0.1 Ix
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Fig.1 Diagram of 32 mm focal length optical system with fixed stop

position scheme
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Fig.2 Diagram of 126 mm focal length optical system with fixed stop

position scheme
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Tab.3 Specific parameters of optical system with fixed

stop position scheme

Parameters Short focal length Long focal length
Spectral range/nm 486 - 656
Effective focal length/mm 32 126
F number 3.5
Object space angle/(°) 12.96 x 7.22 3.24 x1.82
Total optical length/mm 170
Maximal effective aperture/mm D52
Focal length of zoom group/mm -42.30
Zoom stroke/mm 62.60
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Fig.3 Diagram of 32 mm focal length optical system with switchable
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Fig.4 Diagram of 126 mm focal length optical system with switchable

stop position scheme
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Tab.4 Specific parameters of optical system with

switchable stop position scheme

Parameters Short focal length Long focal length
Spectral range/nm 486 - 656
Effective focal length/mm 32 126
F number 2.3 3
Object space angle/(°) 13.18 x 7.30 3.28 x 1.84
Total optical length/mm 150
Maximal effective aperture/mm D42
Focal length of zoom group/mm -24.29
Zoom stroke/mm 3597
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Fig.5 MTF curves of 32 mm focal length with fixed stop position

scheme
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Fig.6 MTF curves of 126 mm focal length with fixed stop position

scheme
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Fig.7 MTF curves of 32 mm focal length with switchable stop position

scheme
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Fig.8 MTF curves of 126 mm focal length with switchable stop position
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Fig.9 Distortion curve of 32 mm focal length
Fig.12 Spot diagrams of 126 mm focal length
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Fig.11 Spot diagrams of 32 mm focal length

Tab.5 Material tolerances

Ttems Value

1x1074-5x107*
0.3%-0.5%
2x107%-5x107°

Refractive index/mm
Abbe-number

Homogeneity/mm

R 6 INI/AZE (A=546.1 nm)
Tab.6 Manufacturing tolerances(4=546.1 nm)

Items Value
Fringe power/A 1-2
Surface irregularity/A 0.2-0.5
Central thickness/mm 0.02-0.05
Wedge/mm 0.005-0.01
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