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Correction Method of Narcissus Effect of Cooled Infrared System Based
on Differential Threshold

MEI Chaoyang, CUI Qingfeng, HU Yang, SUN Lin, GAO Xudong, ZHENG Hangin
(Changchun University of Science and Technology,School of Opto-Electronic Engineering,
Changchun 130022, China)

Abstract: The design of the cooled infrared system can not avoid the problem of cold reflection, so it is
necessary to complicate the optical system to weaken the influence of cold reflection. By analyzing the cold
reflection characteristics of the cooled infrared system, the differential threshold cold reflection correction
method is proposed, which can relax the restrictions on the cold reflection in the optical design stage,
without considering the cold reflection. After the system is optimized, ray tracing is carried out to simulate
the cold reflection phenomenon in the real scene, and then the cold reflection is eliminated by this method.
A cooled infrared optical system is designed. After using this method, the image is clear subjectively, and
many image quality evaluation functions are improved objectively. The results show that this method can
effectively reduce the cold reflection of the cooled infrared system, simplify the design of the optical
system, and is of great significance to the miniaturization and lightweight of the system.

Key words: Cooled infrared system; Narcissus effect; Differential threshold; Ray tracing; Image
restoration
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Fig.1 Narcissus effect of infrared optical system
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Table 1 System design index

Parameter Content
Focal length/mm 60
F-number 2
Wavelength/pm 3.7~4.8
Field of view/(°) 6
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Fig.4 The initial structure of cooled infrared optical system
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Table 2 YNI of each surface of the initial system

Surf YNI Surf YNI
1 1.814 16 8 —4.329 79
2 0.772 15 9 —4.318 81
3 —2.739 44 10 1.213 20
4 —0.249 92 11 0.955 30
5 1.821 16 12 —1.840 64
6 —2.681 29 13 —1.371 60
7 3.144 99 14 —1.296 58
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Fig.5 MTF curves of optical system
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Table 3 Limit the YNI of each surface of the system

Surf YNI Surf YNI
1 2.901 69 8 —5.300 57
2 1.304 08 9 —5.168 70
3 —2.47001 10 1.701 74
4 1.000 43 11 1.583 10
5 2.28211 12 —1.594 47
6 —3.013 99 13 —1.465 54
7 4.090 49 14 —1.390 52
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Fig.6  MTF curves of optical system
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Table 4 YNI of each surface of the final system

Surf YNI Surf YNI
1 2.041 98 8 —4.463 68
2 1.008 98 9 —4.433 69
3 —2.705 89 10 1.264 11
4 —0.100 05 11 1.000 14
5 2.007 39 12 —1.84161
6 —2.701 34 13 —1.380 99
7 3.328 76 14 —1.305 97
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Fig.7 Tracepro ray tracing diagram
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Fig.8 Schematic diagram of cold reflection spot
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(c) Direct addition and substraction restoration image
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Table 5 Objective evaluation of function value

Evaluation index Degraded Ordinary Proposed
PSNR 18.668 5 22.156 4 26.798 7
SSIM 0.901 0 0.952 4 0.9858

Fo6 HEREGHEIITM

Table 6 Objective evaluation of function value

Evaluation index Degraded Ordinary Proposed
PSNR 24.8720 31.8728 37.8157
SSIM 0.943 4 0.974 8 0.992 5
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