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Abstract Computational spectral imaging based on broadband filtering modulation is a new type of computational
spectral imaging technology with great application potential in aerospace spectral imaging remote sensing field. At
present, this technology is mainly applied to the miniaturization of spectral measurement instruments, but there is a
lack of relevant research in the field of spectral imaging remote sensing. Therefore, the feasibility of the application
of this technology in the field of spectral imaging remote sensing is studied experimentally. First, the basic principle
of broadband filtering modulated spectral imaging is briefly introduced. Then, aiming at the practical demand of
space optical remote sensing engineering, the principle prototype system of broadband filtering modulation spectral
imaging is built by using color glass filters and industrial camera, and its spectral imaging capability is verified
experimentally. Finally, the obtained spectral images are analyzed and evaluated, and the main factors affecting the
measurement accuracy of the technology are studied. Experimental results show that the accuracy of spectral
reconstruction is about 23%, and the edge of spectral image obtained by this technique is clear, and the noise is
about 23 dB.
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Fig. 1 Basic principles of spectral imaging technology based on broadband filtering modulation
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Fig. 2 Schematic of reconstructed spectrum and

spectrum resolution
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Fig. 3 Prototype structure of broadband filtering-based spectral imaging and spectral transmittance of filter set.

(a) Prototype structure; (b) spectral transmittance
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Fig. 4 Calibration light source and calibration process of principle prototype
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Fig. 5 Spectral response of principle prototype and physical object of principle prototype.

(a) Spectral response; (b) principle prototype device

3.2 FRAEREREG

SR 703 B BT AR R O 1 AR B Y
B M 7 P D A AL o o B T O R AT LR, DA
G 5 AR HE G TR 1S = R] B A X R 25 ok FAIE B A
TGP HERATE . AR MG IR R Y SE B T R AN K] 6 P
T s FLH R 3 R AR E R R Y E AR B BROGIR L AT
1 M L HE JE AR 0 2 B BRI A A A A S
A RN R G . bR S LA BROE TR R 42 LU

I SO ZE RO IR Ot 2 YRR B AR
B, TR AR 2 1 T E IR . R b 5 o A o 1
TG AR 32 AR 73 BROG U, 45 B ME T 6 1 S5 1% R
G BROG IR BN AT AR SRy b v 2 506 IR T . T BB
BUXT 2 A i IR BE 47 B AG T 3R B O 3% o E A
TG 5 G IR T G35 A7 X Fo L VPl HC ) R
F T ) o S O Ol 1 — B i i 22 3 L ot Ak X
BT OIS

P06 S HIL O B o D' U8 AR 52 30 3ot AR

Fig. 6 Imaging experiment process of standard light source with principle prototype
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Fig. 7 Comparison between reconstructed spectrum and standard spectrum and their relative deviation.

(a) Comparisoon between reconstructed and standard spectra; (b) relative deviation
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Table 1 Combined uncertainty of calibration and measurement process

Parameter

Uncertainty source

Uncertainty magnitude /%

Stability of laser source

Uniformity of integrating sphere

Calibration process

Uncertainty of standard detector
Noise of spectral camera detector

Stability of laser source

Measurement process

Noise of spectral camera detector

Reference uncertainty

Combined uncertainty

Uniformity of integrating sphere

Calibration uncertainty of reference spectrometer
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Fig. 8 RGB image of target color card and reconstructed spectra of partial regions
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Fig. 9 Reconstructed spectral images of target color card in different bands. (a) 600 nm; (b) 720 nm
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