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Abstract

To address the problems of weak signals being susceptible to noise interference and insufficient
measurement stability in handheld infrared emissivity measurement systems, a data stabilization
method based on the Kalman filter is proposed for infrared emissivity measurement. The effects of
detector noise, circuit noise, temperature drift, and environmental thermal background fluctua-
tions on the measurement results are analyzed. Considering the steady-state variation characteris-
tics of emissivity, the true emissivity is modeled as a slowly varying state variable, and a one-dimen-
sional random-walk state-space model is established. Subsequently, a recursive estimation ap-
proach based on the Kalman filter is employed to optimize the emissivity measurement sequence
and effectively suppress random fluctuations. Experiments were conducted using a standard gold-
coated emissivity reference sample, and 150 consecutive measurement datasets were collected to
validate the proposed method. The performance of the proposed approach was compared with that
of the conventional moving average filtering method. Experimental results demonstrate that the
proposed method effectively suppresses random fluctuations and improves the stability of emissiv-
ity measurements. After Kalman filtering, the maximum relative deviation is reduced from 3.491%
to 1.171%, with a more concentrated error distribution and a significant reduction in the local rel-
ative standard deviation (RSD). The proposed method does not require prior knowledge of the ma-
terial emissivity and can be directly implemented in the embedded processing unit of the measure-
ment system, providing an effective approach for improving the accuracy and repeatability of in-
situ infrared emissivity measurements.
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Figure 1. Overall principle block diagram of the system
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Figure 2. Schematic diagram of the hardware for the emissivity measurement system
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Figure 3. Schematic diagram
E 3. EHnEE

DOI: 10.12677/app.2026.169075 819 I EEY/BEH


https://doi.org/10.12677/app.2026.169075

(ZLE S

Figure 4. Emissivity measurement instrument photograph
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Figure 5. Comparison plot of raw data and Kalman filtered data
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Figure 8. Comparison of relative error amplitude
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Figure 9. Diagram of the Kalman gain variation with sampling index
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Figure 10. Diagram of the time-domain comparison among moving average, kalman filter, and median filtering
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Figure 11. Diagram of the local comparison of glitch suppression among moving average, Kalman filter, and median filtering
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Figure 12. Diagram of the comparison of stabilization effects on infrared measurement data among Kalman filter, moving
average filter, and median filter
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