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Research on wavelength calibration technology for visible spectral radiometer

GUO Meng, WU Lingling” , CHEN Jing, LI Pulin
(School of Optoelectronic Engineering, Xi’an Technological University, Xi’an 710021, China)

Abstract: In order to solve the problems of peak shift, weak feature spectrum misjudgment, and artificial spectral line
recognition in the wavelength calibration process of visible light spectroradiometers, the adaptive threshold method and the
differential method were used to detect and recognize the feature spectrum. Meanwhile, the relationship between wavelength and
pixel was determined using the method of least squares and Lagrange interpolation. Theoretical analysis and experimental
verification were carried out and the optimum wavelength calibration equation was obtained. The results show that the feature
spectrum is detected and recognized sequentially based on the intensity of the spectral lines. The optimal equation was obtained
by the Lagrange interpolation method based on 404. 6565 nm, 435.8335 nm, 546.0750 nm, and 579.0670 nm, with a residual
standard deviation of only 3.2747 x 10 " nm, the wavelength calibration error distribution is within the range of +0.2 nm.
Therefore, this method improves the efficiency of wavelength calibration. It also avoids noise misjudgment and spectral line
recognition error and provides reference for wavelength calibration of other spectral instruments.
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Fig.1 Principle of adaptive threshold wavelength calibration
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Table 1 Specific parameters of each device

item parameters

mercury lamp

type : LHM254
probe( camera lens)

focal length ;50 mm

radius ;300 mm

focal length:150 mm

collimating mirror

focusing mirror

8 pm x200 pm,
D
ce number of pixels;3648
lines ;300 1p/mm
grating size :50 mm x50 mm
blaze wavelength:500 nm
slit 0.1 mm
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579.0670 nm, HAA 6 ANRFAEIEATE AT WG 1 R
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404. 6565 nm ,435. 8335 nm,546. 0750 nm,576. 9610 nm
F1579.0670 nm,
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Fig.5 Spectral lines of a mercury lamp
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Table 2 Characteristic wavelength and peak positions for different methods

. characteristic . . Gaussian
serial number pixel position -

wavelength/nm position

1 404. 6565 119 119. 6208

2 435.8335 306 306. 1324

3 546.0750 967 965.9072

4 576.9610 1143 1143.7210

5 579.0670 1156 1155.6497
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a—wavelength calibration equation of direct peak position detection b—
wavelength calibration equation of Gaussian fitting peak position detection
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Table 3 Residual distribution and mean squared error for the least squares

method
method residual/nm  mean squared error/nm
direct peak position detection +0.1097 0.06642
Gaussian fitting peak +5.86 x 104 3 5578 x 104

position detection
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Fig.8 Results of Lagrange polynomial interpolation
a—direct peak position detection: A A, A3A4 , A1 AsA3545, A AA4A5 b—
direct peak position detection: A;A3A4A5,A,A34445 ¢—Gaussian fitting
peak position detection: A;A,A3A4, A1 A2A345, A1 A,A4A5, A A3A4A5,
AyA3AyAs
TEE 8o M2k 1,2,3,4,5 4B
MAA AL A oA A5, A AL A A5, AJASALAs, AaAs A
S Al 14 v UL e 7 A AR BYD AR (R 2R, )
PEAARE T R i (13) ~ 2 (17) P
Ag(x) =7.7842 x 107°x° - 1.0914 x
107°x% + 0. 17068 + 384. 3825 (13)
Ao(x) =7.7913 x 107°x° - 1.0924 x

107°x% + 0. 17068 + 384. 3823 (14)
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Ao(x) =7.8969 x 10~°x° - 1.1091 x

107°x* + 0. 17074x + 384.3778 (15)
Ay (x) =8.2886 x 10°x° —1.2039 x

107°x> + 0. 17136x + 384. 3159 (16)
Ap(x) =8.3994 x 107°x° - 1.2401 x

107°x% + 0. 17176x + 384. 1745 (17)
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PRI % 22 06 i A i K AL B AT PR Al . 3R 4 FTR A
FLHEARAE E L HL S B H A B = 30T B A hL A B
H 465 (B 5% 2 55080

R4 BOAs R E 2R S A

Table 4 Lagrange polynomial residual distribution range

AAsAsdy A AsAsAs AAsAgAs AAsAgAs AaAsAgAs
residual of direct peak position detection/nm £3.41x10717  +2.84x107"%  +£1.69393x10°""  +2.98 x10 " +7.59 x10 "
residual of Gaussian fitting peak position detection/nm  +2.27 x 10 ~'2 +6.82 %1071 £1.09x10 71 £8.21 x10 71 £1.64x107°1°

I 4 AT, SR FHRLAS B9 H Ad (BT % 25 e/ N
DA A AL A A s R B LG 7 AR Bk 22
MifE £6.82 x 10 " nm JE N, £ 118 H R 2 brifE 22
H3.2747 x 10 “nm, PR A ALA00 AR
WA G e AL B AR I A o X LA E AN
BEHAT VAN AR T b =1 B, PR AR 8 A e JE
Hu=3. 2747 x 107" nm, P K b5 2 0 58 B K F R
68% ;TEAL T T b =2 I, PR AR E AT E E R u~
2 %3.2747 x10 "nm =6. 549410 " nm, I K A5 2 0] 4
FEIK-A 95% o ) FHFLAS BA H 356 1B 7% S5c 200 2 1) 8
KbrE R

Alx) = A,(x) =7.7913 x 107°%° —
1.0924 x 107°x* + 0. 17068x + 384.3823 (18)
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Table 5 Result of wavelength test

standard wavelength/nm measured wavelength/nm error/nm
460. 00 460. 11 0.11
532.00 531.96 -0.04
650.00 650. 16 0.16

TR0 S BEE 3 B Rl SR AN RO U
PR AR A BE A T S8, S 0 {855 s v 1L O 22 43
AE +0.2 nm JE A o

4 #& it

B ] LT 8 T A AR R I A7 7 0 L AR A
B RAE TR SN i 2 R 531 56 R, 32 1 T — il
O & R (ELK A SbR 2 7 % FF LAMOST
BRI KA N BDE T 58 S B R AR 2 R, (TR
HEXT BOBR TR 224 D i R A o A o ) B L, O HLIX
(EREE AT R Sl AR 88, A7 S50t sl O 1 3 2 Gl i
P PR BRI R E TS A O o SR 220 AU I
A BITELARIN T 15, A T S Pl v R 4% o g e
BTG LR 5 2 5 P 8 BT 25 S K HE BRLAG S Z R
BER o EAD, XA B LA I A 45 SR A T R T L 1
SE T RPN SR 0 PO A5 0 07 B 5 XoF B e/ — etk
AR Y H A L 0 1 R AR oo i de i s B0OC
7 5 R FHROERHB R AR A% B HEAT Bk, 45 R R, B
KAREREIT 0.2 nmo AH TAAGERDLIEE ST,
BeRARE R 2 T B M IR LR
RARTHBA AR NG BE , AT AT Sy H e i 2 A3 e 1
KA s A .

[1] LIULY, ZHENG F, ZHANG G Y, et al. Meteorological radiation
observation based on precision solar spectral radiometer[ J]. Spectros-
copy and Spectral Analysis, 2018, 38 (12): 3663-3672 (in Chi-
nese).

XUNEE, A0, sk &, &5, FETR R DG4 ST R4

ST, SeigaE 5 oaig s, 2018, 38(12) : 3663-3672.

[2] WANG Zh P, WU T B, LI Zh, et al. A universal measurement tech-
nology for infrared radiation characteristics[ J]. Infrared, 2020, 41
(8) :29-35(in Chinese).

ERE-, RGFE, R, SF. P R 2L R R I e R



664

T TS

2024 4£9 H

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[J]. £14b, 2020, 41(8): 2935.
WU Zh F, DAI C H, ZHAO W Q, et al. Spectral irradiance respons-
ivity calibration based on tunable laser[ J]. Spectroscopy and Spectral
Analysis, 2021, 41(3) : 853-857 (in Chinese).
Fakig, OB, BSR, S BT T IEIEEO6 Y G R S R
WA BEREAR (T ] JeiE SOEE T, 2021, 41(3) « 853-857.
RUAN N J, SU Y. A review of the development of ultraviolet space
probe abroad[ J]. Spacecraft Recovery & Remote Sensing, 2008, 29
(3): 71-78(in Chinese) .
BT R, Jrz. EAMES S B8 R R LR 1], AiKI& Bl 5
JEJEK, 2008, 29(3) : 71-78.
REDONDAS A, NEVAS S, BERJON A, et al. Wavelength calibra-
tion of Brewer spectrophotometer using a tunable pulsed laser and im-
plications to the Brewer ozone retrieval[ J]. Atmospheric Measurement
Techniques, 2018, 11(6) : 3759-3768.
ZHENG K Zh. Optical metrology [ M ]. Beijing: Atomic Energy
Press, 2002 138-145(in Chinese).
AT Sttt IM]L Jent: T RERRAL, 2002 138-145.
LI X X, NIU H B, LIU H L, et al. Wavelength calibration of direct
drive grating monochromator [ J ]. Automation & Instrumentation,
2022, 37(11) : 76-79 (in Chinese).
R, R, XS, o HERIREADOH AU B bR
ELT]. A5, 2022, 37(11) ; 76-79.
ZHANG Z H, WANG Sh R, HUANG Y, et al. High-precision wave-
length calibration of wide-band monochromator[ J]. Spectroscopy and
Spectral Analysis, 2012, 32(10) :2870-2874 (in Chinese) .
KT, EBOR, W, 5. STBUR O FOE R LU E
FRLI]. il 50k 047, 2012, 32(10) ; 2870-2874.
WU Ch L, FENG G Y, HAN X, et al. Wavelength calibration for
miniature fiber optical spectrometers [ J]. Laser Technology, 2012,
36(5) : 682-685(in Chinese).
AT, WESE, whil, % AT i A B K E bR o B
[J]. #OEHA, 2012, 36(5) : 682-685.
DONG B, ZHENG F, SHI X G, et al. Wavelength calibration of the
fiber optic spectrometer based on the polynomial fitting residual error
method[ J]. Journal of Changchun University of Science and Tech-
nology ( Natural Science Edition), 2017,40 (1) 14-18 (in Chi-
nese) .
K, A, A, FF FET ZUEIE IR BRI
MIBAERR B [T]. KFEB LR (ARFERRD)
2017, 40(1) : 14-18.
LI X, ZHANG G W, XUN L N, et al. Wavelength calibration of
shortwave infrared flat spectroradiometer [ J]. Acta Optica Sinica,
2008, 28(5) : 902-906 (in Chinese).
2, REM, SR, 5. EELINESOGIE AL HAK E bR
[J]. Je2#4, 2008, 28(5) : 902-906.
QIN H Q, ZHU J, ZHU Zh Q, et al. Adaptive wavelength calibra-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

tion algorithm for LAMOST[ J]. Publications of the Astronomical So-
ciety of Australia, 2010, 27(3) ; 265-271.

MA Y, XIA G, HUANG Ch, et al. A simple and accurate wave-
length calibration method for CCD spectrometer [ J ]. Infrared and
Laser Engineering, 2018, 47(S1) : S117002.

o, EOR, s, SRR SORER Y CCD SIS K
SERR L] LIAMNGHOE TR, 2018, 47(S1) : S117002.

LUO J Ch. Research on data processing algorithms and system de-
sign and implementation of fiber optic spectrometer[ D ].
Nanjing University of Science & Technology, 2020; 9-14 (in Chi-
nese) .

BEEER. JREPOLI OB R A BRI T S R LK
WA MEELTORAE, 2020 9-14.

GALBAN J, de MARCOS S, SANZ I, et al. CCD detectors for mo-

lecular absorption spectrophotometry. A theoretical and experimental

Nanjing

55D,

study on characteristics and performance[ J]. The Analyst, 2010,
135(3) : 564-569.

ZONIOS G. Noise and stray light characterization of a compact CCD
spectrophotometer used in biomedical applications[ J]. Applied Op-
tics, 2010, 49(2) . 163-169.

DAVENPORT J J, HODGKINSON J, SAFFELL J R, et al. Noise a-
nalysis for CCD based ultra-violet and visible spectrometry[ J]. Ap-
plied Optics, 2015, 54(27) . 8135-8144.

HU G Sh. Digital signal processing| M]. 2nd ed. Beijing: Tsinghua
University Press, 2003 ; 327-351 (in Chinese).

WA BT A IM]. 52 R dbat: AT A,
2003, 327-351.

HUANG Sh J. Diffraction equation of oblique incident light on grat-
ing surface[ J]. Physics Bulletin, 2004 (2) ; 7-8 (in Chinese).
WHEIL. ASCRAGHOCI R WA r B2 LT ], WAL AR,
2004(2): 7-8.

LIQY, WANG N Ch, YI D Y. Numerical analysis[ M]. 4th ed.
Beijing: Tsinghua University Press, 2008 ; 21-62(in Chinese) .
PR, R, HARX. BUEAHTIM]. 554 b dbat: W
Kef st , 2008 . 21-62.

SANSONETTI C J, SALIT M L, READER J. Wavelengths of spec-
tral lines in mercury pencil lamps[ J]. Applied Optics, 1996, 35
(1):74-77.

RODRIGUEZ A A, BRUNO L B, RAPETTI F. Whitney edge ele-
ments and the Runge phenomenon[ J]. Journal of Computational and
Applied Mathematics, 2023, 427(3) . 115117.

LIU L' Y. Calibration and characterization of precision spectroradiom-
eter[ D]. Changchun: Changchun University of Science and Tech-
nology, 2019 79 (in Chinese).

XINAE. FEEOCHHARATTT e SRERIE( D], K& KEHM
T K, 2019 79.



