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Designing Optical Systems for Close-Distance Vehicle Lenses in
Target Recognition

Zhu Yizhen, Li Shunyao, Zhuo Shuangmu, Yang Lan’

College of Science, Jimei University, Xiamen 361021, Fujian, China
Abstract A close-distance vehicle front-view Tessar lens with strong distinguishability and broad field of view was
designed based on artificial intelligence target recognition. Using ZEMAX software, parameter optimization design is
carried out by controlling geometric aberrations such as field curvature and distortion. When the designed lens has F-
number of 3.4, focal length of 6 mm, maximum field of view of 50°, and depth of field of 10 m, the modulation transfer
function of the entire field of view at the spatial frequency of 107 Ip/mm is higher than 0. 65, and the distortion is less than
0.305% , which meets the design requirements. According to the Monte Carlo study, the tolerances are within the
machinable range, making them suitable for conventional production and assembly.
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Fig. 1 Schematic of horizontal field angle of lens

AR BT oK FH T R RS T 1/3 9 (1 e h =
2.54 cm) CCD E 4 1& & 4% , CCD A3 & 26 w R~F h
5.6 mmX3.6 mm, CCD g & FH ] F 24 mm X
36 mm, § AT A5 AR VF R LR B A2 0 4 0. 035 mm,

a2 s, a] A R Sk 1 AR I R 1 i A
o TRk AR IR

_ ¥y Xx 56X5
/= y 4.6
2y R COD £ i 48 I 25 10 7K 1 56 B
N T8 e HAn R H A 3045 B Ax i o0 4% BHE 4

=6.08 mm, (2)

Yy f

A

K2 HEEHRR A

Fig. 2 Schematic of focal length calculation
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Table 1 Design indexes of Tessar vehicle lens

Parameter Value
Focal length /mm 6
Entrance diameter /mm 1.76454
Half field of view /() 25
Spectral range /pm 0.486-0. 656

Relative distortion /% <20.5

Modulation transfer function =0.5@107 Ip/mm

Spotradius encircled 80% energy /pum 3.2
Depth of field /m 10
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Table 2 Initiating structure parameter

unit:mm

Parameter Lens 1 Lens 2

Stop Lens 3 Image

Sequence 1 2 3

Radius 2.021 1.362 3.939 3.058
0.182

Thickness 0.670 0. 665 1.231

5 6 7 8
—19.940 —2.338
0. 849 6.351

Infinity
0. 802

Infinity
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Fig. 5 Three-dimensional view of Tessar structure
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Table 3 Lens structure parameters after optimization unit:mm
Parameter Lens 1 Lens 2 Stop Lens 3 Lens 4 Image
Sequence 1 2 3 4 5 6 7 8 9
Radius 2.246 2.704 22.058 11.910 Infinity —4.611 —1.147 —2.310 Infinity
Thickness 0. 546 0. 581 0. 300 0. 600 0.495 0.479 0.733 4.445
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Fig. 6 Field curvature and distortion curves before and after optimization. (a) Before optimization; (b) after optimization
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Fig. 7 Comparison of spot diagram before and after optimization. (a) Before optimization; (b) after optimization
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Table 4 Results of the most sensitive tolerance analysis

unit: mm
Type Value Criterion Change
TSDX 1 0.01000000  0.61998101 —0.04294991
TSDY 1 0.01000000  0.61998101 —0.04294991
TSDX 1 —0. 01000000 0.61998101 —0.04294991
TSDY 1 —0.01000000 0.61998101 —0.04294991
TTHI 2 4 0.03000000 0.62469954 —0.03642230
TFRN 3 1.00000000  0.62650862 —0.03642230
TEDY 1 2 —0.02000000 0.62804440 —0.03488652
TEDX 1 2 —0.02000000 0.62804440 —0.03488652
TEDX 1 2 0.02000000 0.62804440 —0.03488652
TEDY 1 2 0.02000000 0.62804440 —0.03488652

INEPAT LR, 4 d, TSDX Ny 2218 2 f O /A5 &2
25, TSDY N M y O /0 #HA 22, TTHIL N R B2
# , TFRN NP 428 22 , TEDY NIl y i O /000 &2
%, TEDX Kot x L /BRNA 25 .
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Table 5 Allowable tolerances for parts
Surface 1 2 3 4 5 6 7 8
Radius tolerance +3 +3 +1 +1 +3 +3 +3
Thickness tolerance /mm +0.03 +0.03 +0.02 +0.03 +0.02 +0.02 +0.02
Element eccentricity tolence /mm +0.02 +0.02 +0.02
Surface eccentricity tolence /mm 0.01 0.01 0.02 0.02 0.01 0. 005 0.005
Surface irregularity +0.2 +0.2 +0.1 +0.2 +0.2 +0.2 +0.2
Refractive index 0.001 0.001 0.001 0.001
Abbe coefficient tolerance /% +0.9 +2.6 +0.7 +0.4
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Table 6 Results of Monte Carlo tolerance analysis

Number of Monte Carlo samples /% MTF value
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