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On-orbit MTF evaluation of infrared spaceborne cameras based
on three-bar target patterns
QIAN Kun'?, XU Weiwei’, SI Xiaolong’, HUANG Wenxin’, ZHANG Liming’,
LI Jiawei’, YANG Baoyun’
(1. University of Science and Technology of China, Hefei 230026, China; 2. Anhui Province Key Laboratory of

Optical Quantitative Remote Sensing, Hefei Institutes of Physical Science, Chinese Academy of
Sciences, Hefei 230031, China)

Abstract: MTF(modulation transfer function) serves as a critical parameter for imaging quality evaluation of
infrared remote sensing satellites; however, its on-orbit detection faces two major challenges: insufficient
thermal stability of calibration targets and complexity in data processing. This study proposed a direct on-orbit
MTF detection method utilizing the synergistic three-bar and temperature-step targets. Through the target
optimized design and fuzzy PID (proportional-integral-derivative) temperature control algorithm, the targets
could achieve temperature uniformity (<0.5°C), stability (£0.6°C), and operational repeatability (>99%). By
integrating Fourier optics theory and radiative transfer modeling with the computational principle of "object-
image modulation separation”, MTF values could be directly extracted at Nyquist frequency from remote

sensing imagery. This approach could effectively eliminate errors caused by atmospheric interference,
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numerical differentiation, and parameter fitting inherent in conventional methods, providing high-precision

technical support for quantitative applications of high-resolution infrared satellite systems.

Key words: remote sensing; modulation transfer function; three-bar target method; image quality evaluation

method; infrared remote sensing satellite
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Fig. 3 Infrared target laboratory environment test
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Table 1 Laboratory test results of temperature uniformity,

stability, repeatability of target

Set Temperature/ Uniformity/ Stability/ Repeatability/
temperature/ °C C C C %

15 15.09 0.39 +0.22 —

20 20.06 0.41 +0.24 99

25 24.97 0.42 +0.25 —

30 30.04 0.47 +0.26 —
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Table2 Outdoor test results of temperature stability and

uniformity of targets

Set Temperature/ Uniformity/ Stability/ Repeatability/
temperature/ C C C C %

25-1 24.92 0.37 +0.46 99

25-2 25.01 0.37 +0.42

25-3 25.01 0.38 +0.49

30-1 30.01 0.45 +0.42 99

30-2 30.23 0.46 +0.54

30-3 30.16 0.46 +0.52
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Fig. 5 Spectral curve of high/low emissivity region of target
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