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Design of Objective Lens for Infrared and Visible Image Fusion by
Optical Passive Thermal Compensation

Aiping, GUO Liang, YANG Shaoming, GONG Yangyun, PU Enchang, LEI Xufeng, LI Zemin, WANG Chenyue

(North Night Vision Science & Technology Research Institute Group Co., Ltd, Kunming 650223, China)

Abstract: The registration accuracy of image fusion is an important performance index that is related to the
quality of image fusion. The infrared and visible image fusion objective optical system in this study adopts a
parallel optical path layout and an optical passive thermal compensation method to improve the registration
accuracy of image fusion. First, the contributions of mechanical thermal compensation and optical thermal
compensation are analyzed and compared to improve the image registration accuracy. Second, according to
the performance index of the image fusion objective system, the optical passive thermal compensation
designs of the infrared objective and visible objective are optimized. Moreover, the necessity of optical
passive thermal compensation design of the visible objective is analyzed. Finally, according to the imaging
quality and image registration effect of the image fusion objective system, it is concluded that the quality of
the fused image is high and that the requirements of the index can be achieved.
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Fig.2 Optical layout of infrared objective lens
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Table 2 Image registration accuracy with distance

L/m  Ad/mm Pixel Notes
30 0.026 15

40 0.019 11

455 0.017 1 the size of each pixel is 0.017 mm
50 0.015 0.88
60 0.013 0.76

R3S AT WO B AL

Table 3 Distortion of infrared objective lens and visible objective lens

1034

0.5m 0.707w 0.85w lo
20°C —0.61879%  —1.24937% —1.83023% —2.59627%
Infrared lens —40°C —0.61847%  —1.24882% —1.82957% —2.59568%
60°C —0.61883%  —1.2494% —1.83017% —2.59595%
20°C —0.61071%  —1.25465% —1.83872% —2.588%
Visible lens —40°C —0.61292%  —1.25212% —1.83447% —2.5828%
60°C —0.60927%  —1.25632% —1.84153% —2.59143%
o _ B
IR CMOS i
(a) 20°C
i
.
L) .
IR ” CMOS
(b) —40°C
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Fig.9 Field curve and distortion curve of infrared objective lens and visible objective lens
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Table 4 Image registration error of infrared objective lens and

visible objective lens

Theoretical Infrared Visible

image image image Error/mm

height /mm height/mm  height /mm
050 3.75 3.72680 3.72710 0.00030
0.707w 5.3025 5.23626 5.23597 0.00029
0.85w  6.375 6.25832 6.25778 0.00054
lo 7.5 7.30528 7.30590 0.00062
4 NEDH

LLANMIRATR] WO 0 53R 5. 3% 6 L E

PR 22, FEHABIENFME (AMERE£0.5 mm), LA
SRR AR 43 A 77 2K 3 e S PR O Boin T A 2248,
HR SRR P M 7 iE A 50 B0 TAS D J5 1 k%
Wk, M REIELSL MTF 284k, 4K 07 s b
Bk M RRE SR

RTINS R D /00 45 R R W 90% 1) 41 4o Sk AE
RENRINREL MTFEA/NT 0.135 B 3£ 8 [ZF;
KRB oW aE R R 90% 1) R WLt BT Sk 7F 23 4 Wi RR A
RAL MTF EAS/NT 0.301 . H AN T R 25 0e 125
BIReER 5. K6 MAEIR, AENAEHHE
ALK B B AR

RS IR EMAER
Table 5 Tolerance table of infrared objective lens parts

Parameter Tolerance Parameter Tolerance
N =+ 3aperture Surface tilt +1

AN +0.7aperture | Air distance +0.02mm
Aspheric error +0.00007 mm | Element tilt 4.5
Thickness of optical parts +0.02mm Element eccentricity  0.052mm
Focal plane displacement compensation £0.5mm - -

x6 WIMEEMAER
Table 6 Tolerance table of visible objective lens parts

Parameter Tolerance Parameter Tolerance

N =+4aperture Surface tilt +6

AN +0.6aperture | Element tilt +6
Thickness of optical part +0.03mm Element eccentricity ~ £0.052 mm
Air distance +0.05mm Ny +0.001
Focal plane displacement compensation ~+0.5mm Vg +1%
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Table 7 Tolerance analysis results of infrared objective lens

Lens percentage /% MTF minimum (Nyquist frequency)

90 0.135
80 0.158
50 0.196
20 0.248
10 0.275

R8I AZENHTEER

Table 8 Tolerance analysis results of infrared lens visible

objective lens

Lens percentage /% MTF minimum (Nyquist frequency)

90 0.301

80 0.351

50 0.455

20 0.531

10 0.597
5 £5ig
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