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Fig. 1. Interferometric information corresponding to a column of scene targets: (a) Interferogram!'7; (b) ground scene™; (c) radi-

ation spectral distribution corresponding to scene points A and B.
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Fig. 2. Effect of the spectral response inconsistency among pixels on the recovered spectrum: (a) Spectral response curves among

pixels; (b) the effect of different spectral responses on the recovered spectrum.
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Fig. 3. Relative spectral response (RSR) function test sys-

tem of interferometric imaging spectrometer.
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Table 1.  Simulation parameters of the RSR function mea-

suring system for interferometric imaging spectrometer.
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Fig. 4. Influence of the spectral response inconsistency among pixels on the recovered spectrum under ideal noise-free conditions:

(a) RSR function corresponding to point 4; (b) RSR function corresponding to point B; (c¢) error spectrum for points A and B and

their relative error.

120703-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024)

120703

SR A KT RT N 4 B[] 38 1) R A L A 4 3 Y
L2 }-0.075—0.075 cm. &l 6(b) & A EIfY
23t TV UG AU R pR BRI R, ARG
TCET AN A PRE W RIRON AN ] [ 7 s T
i RARA —ATARTT I Z JF IR 770 nm ALY
DV M (LT 2 B8 2 A5 B R 1 4815 3L
SRS s AR R R LA it & IR AR
KA B ETENEAE, T A 20 AR A AR X1
N BTG, TE2]E 8(a), (b) iR
(AR e N R, FT LA i, B2 JAS B A X

T ML PR BN 4 25 78 R Z A SRR — 2L

DR VA A5 1 P A X D' 3% e 7 A S 7
P, il (7) SO R SR AR i
WA —SMEEATREAE. RS e LA LE J5 1
FIAHXS DR 2ZEUNIE] 8(c) Fr7. 285 AR G35 Wi A
— AL IEST, AT B R BB AR R 22 AR
TERTIY 1.02% FE2 0.08%, AIEFRGIE S Hr A
A AT e R . IR 220 B AR B A AR X
D W 1% 22 Y THT B4 Ml DT PE S 20 5 B AH
i e g i 25 M. H A R B SR IE JE G

&l 5

o o

T e N e & FAGTER L JE

TERREIGE 537 Bur 1%7T:|jr’qﬂrj‘fgﬁq;w§[§_[ I(t,2;) SpeclI(0,2)]
1/R(0;,x) BRLLIGHSAT " ,

TR | BRI | TR Kt B () A | IR | e sen s BE o) s

SPIERDGIE [ REnE MR R (02) [ B(o;)-R(oj,x) [~ KB IERENRE Spec[I(0),)]

T AR ASORA O D' 135 o 57 bR 500 ek s e

Fig. 5. Flowchart of measurement and calibration of RSR function of interferometric imaging spectrometer.
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Fig. 6. Under ideal noiseless condition, interferograms and recovered spectrum of the 256th pixel of the interferometric imaging

spectrometer (take the point A for example): (a) Interferogram; (b) spectrum.
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Fig. 7. Under ideal noiseless condition, Spec (770 nm, ) and its baseline fitting effect: (a) Spec (770 nm, ) ; (b) baseline fitting effect.
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SNR = 100; (f) relative error of spectrum at SNR = 100.
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Abstract

In imaging spectrometers, area array detectors are usually used as photoelectric conversion devices, but the
inconsistency of the spectral response among pixels can distort the collected target spectra. To improve the
spectral radiometric accuracy of imaging spectrometers, calibrating and correcting the inconsistency of the
spectral response among pixels is essential. The signal received by each pixel of area array detector of the
indirect imaging spectrometer is usually the superposition of the target multi-spectral radiation signals or full-
spectral radiation signals. Therefore, its relative spectral radiometric calibration requires measuring the spectral
response of each pixel at different wavelengths on the array detector. Under the ideal conditions, the response
values of each pixel in the area array detector are different, so the indirect imaging spectrometer cannot simply
calibrate the relative spectral response (RSR) function between pixels by using the method of “monochromator +
integrating sphere”. In this work, taking the interferometric imaging spectrometer for example, we analyze the
influence of the inconsistency of the RSR among pixels on the target spectral radiation measurement accuracy,
and propose a system-level RSR, function measurement method for the indirect imaging spectrometer based on
the Fourier transform modulation calibration source. In addition, we establish a mathematical model for
calibrating the RSR function,and provide guidelines for selecting calibration system parameters such as light
source, spectral resolution, and OPD sampling interval. The simulation results show that under the ideal noise-
free condition, the 1% spectral response inconsistency among pixels results in a relative error of 1.02% to the
recovered spectra. After RSR correction, the relative error of the recovered spectra of different rows decreases to
0.08%. Furthermore, in this work we simulate and analyse the influence of spectral signal-to-noise ratio on the
calibration accuracy of the RSR function, and point out that increasing the brightness of the calibration light
source, extending exposure time, and combining multi-frame interferograms can enhance RSR function
calibration accuracy in practical applications. The research result can provide a theoretical basis for realizing
the relative spectral radiometric calibration of indirect imaging spectrometer, which is of great significance in
promoting quantitative spectral remote sensing.

Keywords: indirect imaging spectrometer, Fourier transform spectrometer, relative spectral response,

calibration
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