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Abstract: To solve the transmittance measurement problem of large-aperture infrared optical systems in
complete machines, a single-channel infrared transmittance measurement method based on grayscale imag-
es 1s proposed, and a transmittance measurement device is established. First, a blackbody and a target are
placed at the focal plane of the infrared optical system under measurement according to the specified posi-
tion relationship, and an infrared thermal imager is placed at the entrance port of the infrared optical system
to capture the radiation image. Then, the infrared thermal imager is placed in front of the blackbody to cap-

ture the radiation image of the blackbody. Finally, the mean value of the radiation image and the mean val-
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ue of the blackbody radiation image are calculated; the ratio of the two values is the transmittance of the

measured system. Upon measuring the infrared transmittance of a large-aperture infrared optical system by

using the proposed method, the results indicate that the method can accurately measure the transmittance

of large-aperture infrared optical systems. The absolute error between the measured value and the design

value is 0. 85%. Analyzing the uncertainty of the test results reveals that the transmittance measurement

accuracy of the proposed method is approximately 1. 04%. This method entails a simple measurement pro-

cess and is effective for evaluating the transmittance of large-aperture infrared optical systems in complete

machines.
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Fig. 2 Geometric relation diagram of black-body, target
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Fig. 3 Radiative transfer process of infrared optical sys-

tem energy calibration
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Fig.4 Block diagram of transmittance measurement device
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Fig. 5 Target image of transmission energy calibration for large aperture infrared optical system
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Tab.1 Result of transmission energy calibration

No. Black-body temperature/C Gray-mean
1 60 2242.285
2 70 2501.823
3 80 2905. 969
4 90 3 357.377
5 100 5460. 485
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Tab.2 Result of black-body energy calibration

No. Black-body temperature/°C Gray-mean
1 60 3402.930
2 70 4 428.631
3 80 5552.472
4 90 6 756. 346
5 100 8143.070
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Tab.3 Results of transmittance calculation

No. Black-body temperature/°C Gray-mean of transmission Gray-mean of black-body ~ Transmittance/ %
1 60 1725.525 3404.708 50. 68
2 70 2227.892 4429.153 50. 30
3 80 2778.483 5 549. 247 50. 07
4 90 3 351.767 6 758.575 49.59
5 100 3973.975 8 160. 042 48.70
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Fig. 6 Image of energy calibration for black-body
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