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Online Spectral Calibration by Multiple Wavelengths for Echelle Spectrometer
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Abstract In order to improve the speed and accuracy of spectral calibration for echelle spectrometers, an automatic
spectral calibration method by multiple characteristic wavelengths of mercury lamp is designed based on the spectrum
retrieval algorithm. Spectral calibration experiments are conducted with a mercury lamp as the calibration light
source. The results show that the spectral retrieval model is automatically corrected as long as the algorithm is
within the range of the spectrum deviation. Choosing more calibration wavelengths and more uniformly distributed
calibration wavelengths results in higher calibration accuracy. For the echelle spectrometer with wavelength range
from 250 nm to 600 nm, choosing more than five calibration wavelengths will make the calibration accuracy be
0.01 nm, which is the theoretical resolution of the spectrometer. The automatic spectral calibration method makes
echelle spectrometers more practical and valuable in engineering applications.
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Fig. 1 Comb-like spectrum of echelle spectrometer
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Fig. 2 Structure contrast of echelle spectrometer. (a ) With reflecting prism ; (b ) with transmitting prism
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Fig. 5 Flow chart of model matching
1
Table 1 Parameters of echelle spectrometer
Parameter Value
Wavelength range 220-600 nm
Focus length f 262 mm
Incident angle of echelle o, 46. 6°
10. 44°
512 pixel

Incident angle of prism q,

Size of CCD N

480 pixel X 456 pixel

Size of origin model mXn
, I g~ ap
1 mm,0. 003°,0.002°, N m.n ,
, ap g (—15,15) (—20,20),
5 pixel, f (—5,5),
s 9
« 2, o N N
6 , , (kyky)
, 3eee] . , By ook, =31 .
2
Table 2 Spectra of mercury lamp
Wavelength No. 1 2 3 1 5 6 7 8 9
Wavelength /nm  253. 652 296.728 313.184 365.016 404. 656 435. 833 546.075 576.961 579. 067
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Fig. 6 Influence of error coefficient on calibration accuracy
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Fig. 7 Influence of wavelength distribution on calibration accuracy
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