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Fig.l Reflective optical system structure
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Tab.1 Optical system performance parameters

Parameter Value
Wavelength/um 0.4-1.7
Focal length/mm 25.7
Field of view 2w 9.3
F number 2.8
Total length of system/mm 79.6
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Fig.4 Optical system structure diagram
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Tab.2 Monte Carlo analysis results

Analysis item Result Trial
Best 0.55373313
Worst 0.33268505 97
Mean 0.48063174 20
Standard deviation 0.05209953
Compensator statistics
Change in back focus
Minimum —0.060978
Maximum 0.060626
Mean —0.000021
Standard deviation 0.023908
90% >0.40803181
50% >0.49029420
10% >0.53964155
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Design of optical system for wide-spectrum visible-short

wave infrared imaging

Xuan Bin', Zhao Zeyu?, Luo Yaowei’, Wei Qun’, Zhu Yixian', Wang Yajun*’

(1. School of Mechanical Engineering, Nantong University, Nantong 226019, China;

2. Faculty of Electronic and Information Engineering, Xi'an Jiaotong University, Xi'an 710049, China;

3. Nanjing Huaopt Technology CO. LTD, Nanjing 210000, China;

4. Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)

Abstract:

Objective The industrial lens for machine vision inspection needs not only to meet the design requirements of

lightweight and large field of view, but also have high luminous flux. In this paper, based on the needs of machine

vision engineering applications, an optical system for wide-spectrum visible-short wave infrared imaging is

designed using the optical design software ZEMAX. The Wide spectrum visible-short wave infrared imaging
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system can operate in the band of 0.4-1.7 um. The system is composed of 7 groups of 10 lenses. The MTF value
is greater than 0.4 at the Nyquist frequency of 100 Ip/mm. The ' number of the system is 2.8, and the distortion is
less than 1.4%. All kinds of aberrations have been well corrected and balanced. And the system has good imaging
performance. It has certain reference value for the design of similar optical systems.

Methods The optical system structures are usually divided into refractive system, reflective system and hybrid
system. Different optical system structures have their own advantages and disadvantages. According to the
imaging performance of the system and the cost-performance ratio in industrial applications, the refractive system
can meet the requirements of large field of view, low distortion and compact structure. The refractive system is
used to observe through refraction of transmitted light, so it is widely used in optical structure selection. At the
time, by using the conventional processing and adjustment methods, it can meet the accuracy requirements. It has
the characteristics of stable image quality, small stray light and high element transmittance.

Results and Discussions According to the actual needs of industrial testing, the main parameters to be considered
in the structural design of the wide-spectrum visible-short wave infrared imaging optical system are lens material,
working band, focal length, ' number, field angle, total length of the system, etc. Based on the analysis of the
parameters of the wide-band infrared imaging system, the resolution CMOS area array detector is 2448x2 048.
The pixel size is 3.45 um. The target size is 2/3 inch (1 inch=2.54 cm), and the lens has stable optical performance
and good imaging quality in the operating temperature range of 0-50 °C. After the initial structure of the system is
determined, the design structure is further optimized using subsequent repeated aberration correction. The
optimized wide-spectrum visible-short wave infrared imaging optical system is composed of 7 groups of lenses,
and the number of the lenses is 10. The diaphragm is located on the rear surface of the fourth lens, and the front
surface of the tenth lens is aspheric. The total length of the system is 79.6 mm, the diameter of the entrance pupil
is 9.9 mm, and the F-number is 2.8. It can image in the visible light and short-wave infrared bands. After testing,
the point array of the system's field of view is very close to the Airy spot, which is close to the diffraction limit,
and meets the imaging requirements. The maximum astigmatism and field curvature of the system is 0.1 mm, and
the maximum distortion is 1.4%, which meets the requirements of the system design for field curvature and
distortion. The systematic tolerance is analysed based on diffraction MTF average. According to the experience
and actual technological level, firstly, relatively loose tolerance preset value of each parameter is given, and then
the tolerance analysis is carried out based on the design results, finally the particularly sensitive tolerance is found
out and the tolerance is reallocated. Through Monte Carlo analysis of MTF, the results show that at 100 lp/mm,
the nominal value of MTF is 0.559, the best value is 0.554, the worst value is 0.333, the average value is 0.481,
and the standard deviation is 0.052, the MTF of 90% of the lens= 0.410, the MTF of 50% of the lens = 0.427,
and the MTF of 10% of the lens= 0.540. Based on the results, the MTF can meet the technical index
requirements under the given tolerance. In order to better prove the performance of the optical system, the bruises
in the interior of agricultural products are taken with a visible light band camera and a short-wave infrared camera
respectively, which proved that the bruises can be clearly seen in the object image of this wavelength by SWIR
imaging. The ability of SWIR to penetrate plastic was proved by shooting through plastic bottles. The experiment
proves that the system has good detection effect in industrial detection.

Conclusions With the increasing demand of machine vision for composite image information, the modern optical
imaging technology will expand beyond the visible and near-infrared bands. Short-wave infrared will be more

widely used in the future because of its resolution comparable to visible light and unique optical performance.
Key words: broad spectrum;  optical design;  visible light imaging;  infrared imaging; = machine vision
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