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Research on spectral signal calibration algorithm for wideband

miniature spectrometers
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(1. State Grid Shanxi Electric Power Company, Electric Power Research Institute, Taiyuan 030001, China;
2. School of Electronic Information, Wuhan University, Wuhan 430072, China)

Abstract: To address the precision issues in wavelength calibration and light-intensity fitting for broadband
miniature spectrometers, this paper proposes a wavelength calibration method combining the derivative method
and the least-squares method, and a light-intensity fitting algorithm based on cubic B-spline curves. Through
wavelength calibration and light intensity data fitting of mercury lamp spectral data, the experimental results
demonstrate that the wavelength calibration error using the cubic polynomial fitting can be controlled within 0.16
nm, and the fitting goodness is significantly better than those of lower-order models. The cubic B-spline curve
fitting shows better smoothness and local fitting capability in light intensity data processing, with a coefficient of
determination of 0.999 7. Additionally, the charge-coupled device (CCD) spectral response curve was
calibrated, and a light intensity sensitivity compensation method was proposed. The research results indicate
that the proposed calibration and fitting algorithms can significantly enhance the measurement accuracy and
spectroscopic characteristics of miniature spectrometers.
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Table 1 Wavelength calibration errors for different polynomial fittings
BERE  REEK/m ‘ 3Pl ‘ 24 E ‘ lfﬁﬁ?tié‘

# A /nm 1% 2% /nm K /nm 1% 2% /nm ¥ /nm 1% 2% /nm
121 253.65 253.656 4 0.006 4 253.604 9 —0.0451 254.468 0 0.818 0
357 365.01 365.000 5 0.009 5 365.163 5 0.153 5 364.724 8 —0.2852
441 404.66 404.551 3 0.108 7 404.566 4 0.093 6 403.968 8 —0.691 2
508 435.84 435.994 8 —0.154 8 435.880 3 0.040 3 435.270 5 —0.569 5
745 546.07 545.968 5 0.101 5 545.8314 —0.2386 545.994 5 —0.0755
813 576.96 577.018 5 —0.058 5 577.143 6 0.183 6 577.763 5 0.803 5
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Table 3 Pixel resolution of spectral measurement

signals from miniature spectrometers

P X JA] /nm Gty P
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Table 4 Results of cubic polynomial fitting of deuterium

lamp spectrum

BILF S RN /nm 3B BLG K /am 3B LA R 25 /nm
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Table5 Experimental data fitted with cubic B-spline curves

P /nm ek /v
0.0 0.5
1.2 1.3
1.5 2.7
2.1 3.7
2.7 4.1
3.1 3.8
4.3 2.2
5.2 0.9
6.5 1.4
7.7 2.9
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Fig. 2 Fitting result of a cubic B-spline curve with an

interpolation step size of 0.08
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Fig.3 Fitting result of a cubic B-spline curve with an

interpolation step size of 0.001
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Fig. 4 Results of cubic B-spline curve fitting of deuterium
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Fig.5 Local results of cubic B-spline curve fitting of

deuterium lamp spectrum
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Fig. 6 Polynomial fitting of deuterium lamp spectrum
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