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Fig. 4 Gaussian function fitting three kinds of skew spectrum simulation units. (a) Positive skew distribution;

(b) normal distribution; (c¢) negative skew distribution
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Fig. 6 Asym2Sig and ECS functions fitting three kinds of skew spectrum simulation units.
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Abstract

Objective  The transmission visibility meter (TVM), being the main visibility measurement instrument, is
calibrated based on the spectral characteristics of the detection light source, which does not satisfy the 2700 K color
temperature light source standard defined by the Meteorological Optical Range (MOR) for visibility, making the
instrument unidentifiable with the definition of visibility after calibration. Although the technical basis for 2700 K
color temperature simulation is initially available, spectral simulation accuracy is low and it still cannot satisfy the
requirements for TVM observation and traceability under the measurement accuracy of the International Civil
Aviation Organization (ICAO). To address the current lack of a high-precision simulation method for 2700 K color
temperature, this study proposes a spectral simulation method for calibrating the light source of TVM based on a
digital micromirror for accurate simulation of the 2700 K color temperature spectrum. It also provides research basis
and technical support for TVM calibration and traceability chain establishment that meets the definition of MOR and
the standard of ICAO.

Methods Forty-nine spectral simulation units are divided using the TVM-calibration light source experimental
device. The Gaussian, Bigaussian, Asym2Sig, and ECS functions were used to fit three skew distribution spectral
simulation units, based on the measured skewness properties of the spectral simulation unit. Three functions of
Bigaussian, Asym2Sig, and ECS are selected as the fitting functions of the positive, normal, and negative skew
distribution spectrum simulation units, based on the fitting accuracy. The feasibility of using Bigaussian, ECS, and
Asym2Sig functions to replace the Gaussian function for the spectrum simulation experiment is proven using the 2700
K color temperature spectrum simulation comparison experiment based on least squares. Three continuous spectral
simulation units are selected at the wavelength where the maximum spectral simulation error is covered, and
Lighttools software is used to simulate and analyze the reason for the large spectral simulation error. A spectrum
correction method based on the maximum simulation error is proposed, and a local waveband experiment is
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performed to correct the spectrum simulation error and verify its correctness, based on the analysis of the influencing
factors of the spectrum simulation error. The simulation error of the 2700 K color temperature spectrum after the
experiment correction in the range of 380-780 nm is measured by conducting a full-band spectrum correction
experiment.

Results and Discussion The Bigaussian, Asym2Sig, and ECS functions fit the spectral simulation units for
positive, normal, and negative skew distributions, respectively. The residual sum of squares is all less than 1.5 X
10°*, the fitting accuracy of most simulation units is in the order of 10 *, the maximum fitting error appears at the
simulation units with a peak wavelength of 600 nm, and the residual sum of squares is 1.4 X 10 ° (Fig. 7).
Comparing the experimental results of 2700 K color temperature based on least-squares spectrum simulation show
that the spectrum simulation error using spectral Gaussian function fluctuates significantly, with a maximum spectral
simulation error of 33.4% at 388 nm, the maximum simulation error using Bigaussian, ECS, and Asym2Sig functions
is 25. 2% at 431 nm, and the spectrum simulation accuracy using a combination of the three distribution
characteristic functions is higher than that using Gaussian function (Fig. 8). The results of using the Lighttools
software to simulate and analyze the spectral distribution on the digital micromirror array surface show that the
spectral simulation unit has overlapping areas on the digital micromirror array surface, with each spectral simulation
unit influencing one another, causing the overlapping area to be controlled by multiple proportional coefficients
simultaneously. However, this does not comply with the principle that the scale coefficients of each spectrum
simulation unit in the least-squares spectrum simulation principle are independent of each other. Therefore,
spectrum simulation modulated by the principle of least-squares spectrum simulation has a low precision (Fig. 9).
The results of the experimental correction of spectral simulation error on the local band show that the spectral
simulation error is 5. 8% in the range of 410-460 nm after the experimental correction. This implies that the
spectral simulation satisfies the 2700 K color temperature spectral simulation error requirement under the 50 m
baseline required by ICAO in the local band and that the maximum simulation error is used to verify the correctness of
the spectral correction method (Fig. 11). The results of correction studies on the full-band spectrum show that the
maximum simulation error after correction is 6.2 %, which is 4.06 times larger than the overall spectral modulation
ability before correction (Fig. 12).

Conclusions This study proposes a spectral simulation method for calibrating the light source of TVM based on a
digital micromirror. The skew nature of the spectral simulation unit is analyzed, and Bigaussian, Asym2Sig, and ECS
functions are selected to fit the positive, normal, and negative skew distribution spectral simulation units,
respectively. The spectral simulation comparison experiment between using the Gaussian function and combining the
Bigaussian, ECS, and Asym2Sig functions is performed; the spectral simulation errors of the two functions are
33.4% and 25.2%, respectively. This shows that the Gaussian function can be replaced with a combination of three
functions for spectrum simulation. The analysis reveals that the main factors influencing the spectral simulation
errors are the presence of superimposed regions of spectral simulation units on the surface of the digital micromirror
array and the lack of independent control of each simulation unit. The correctness of the spectral correction method
based on the maximum simulation error is demonstrated using the local band of 410-460 nm. The final simulation
error of the 2700 K color temperature spectrum in the band of 380—780 nm is 6.2 %, which is 4.06 times higher than
the overall spectral modulation capability before the correction; simulation accuracy of 2700K color temperature
spectrum corrected by experiment satisfies the ICAO observation accuracy requirements for the simulation error of
2700 K color temperature spectra at 50 m baseline and provides a research basis and technical support for establishing
TVM calibration and traceability chain that satisfies the definition of MOR and the standard of ICAO.

Key words spectroscopy; transmission visibility meter; atmospheric visibility; spectral simulation; blackbody color
temperature; calibration method
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