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Design of Medium and Long Distance Automotive Lens for
Target Recognition of Vehicles
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Abstract In order to improve the recognition accuracy of medium and long distance vehicle targets and meet the
requirements of the forward preview distance of pilotless automobile, a type of medium and long distance automotive lens
suitable for passenger cars is studied through theoretical calculation and optical design software ZEMAX-EE. To meet the
requirements of the imaging range of the vehicle lens during actual use, the imaging range with different entrance pupil
diameters is calculated by using the depth of field formula, when the aiming distance is infinity. Then the lens parameter
design scheme which satisfies actual service conditions is determined, and it is easy to design and test. For the automotive
lens, the focal length is 40 mm, the field of view is 8.6°, the entrance pupil diameter is 7 mm, the depth of field is
30 m-+°, and the system total length is less than 38 mm. The simulation results show that the designed lens has good
image quality and can meet the design requirements in actual use.
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Fig. 1 Horizontal and vertical field angle of the lens. (a) Horizontal field angle; (b) vertical field angle
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Fig. 2 Schematic of focal length calculation
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Table 1 Relationship between pupil diameter and depth of field

Pupil diameter /mm Depth of field /m
7.5 32.258-+00
7.4 31.828-+c0
7.3 31.398-+o
7.2 30.968-+c0
7.1 30.538-+=
7.0 30.108-4c2
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Table 2 Specifications of the lens

Parameter Value
Focal length /mm 40
Field of view /°C 8.6
Pupil diameter /mm 7
Wavelength Visible light
Maximum distortion /% <0.2
Minimum depth of field /m 31.13-200
Pixel size /(pmX pm) 4.65X4.65
MTF >0.4(110 lp /mm),>>0.6(55 Ip /mm)
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Fig. 3 Structure of the lens before and after zooming. (a) Before zooming; (b) after zooming
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Table 3 Final structure parameters of the lens

Surface Surface type Radius /mm Thickness /mm
1 Standard 9.966 2.162
2 Standard —16.525 0.15
3 Standard —15.577 1.63
4 Standard —6.35 0.911
5 Standard 65.143 4,101
Stop Infinity 9.858
7 Standard —5.849 1.111
8 Standard —8.202 0.2
9 Standard 10.554 1.457
10 Standard 12.971 15.849
Image Infinity
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Fig. 4 Final structure of the lens
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Fig. 5 Image quality evaluation of the lens. (a) MTF curves; (b) distortion curves; (c) concentration curves of diffractive energy
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