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Fig.2 3D diagram of a broad band spectral imaging system
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Tab.1 Design parameters of optical system

Parameter Value
Spectral range 0.4-1.7
FI# 3.2
Spectral sampling interval/nm 2.6
Magnification 1:1
Slit WxH/mm? 12.8x0.02
Diffraction order & -1

R 2 WNERFESH

Tab.2 Detector characteristic parameters

Parameter Value
Detector type InGaAs
Number of pixels 640x512
Spectral response/um 0.4-1.7
Detector pixel size/um? 20%20
Quantum efficiency >80% (peak)
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curve; (¢) Diffraction efficiency curves of grating orders
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Tab.3 Theoretical signal energy at normalized light

BtEEE

S

source energy, stray light energy and stray light

coefficient
Wavilrflngth/ —l order —2order —3order —4 order cséz“}t]iclﬁﬁ
1.0 0.1735  0.0011 - - 0.0063
1.1 0.1502  0.0041 - - 0.0266
1.2 0.1320  0.0157 0.000019 - 0.1064
1.3 0.1131 0.0383  0.0012 - 0.2588
1.4 0.0922  0.0640  0.0060 - 0.4316
1.5 0.0737 0.0862  0.0134 - 0.5747
1.6 0.0597 0.0979  0.0194 0.0008 0.6642
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Fig.5 Stray light coefficient of the system
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Fig.10 System stray light coefficient before and after suppression
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Tab.4 The onset and cutoff wavelengths of the pass-

band at different positions on the filter

Location/mm  Onset wavelength/nm  Cutoff wavelength/nm
4.741 430 520
4.461 500 610
3.780 560 700
3.139 630 790
2.497 700 880
1.854 770 970
1.210 840 1060
0.485 900 1140
-0.162 970 1230
—-1.133 1040 1320
—-1.783 1110 1410
—2.434 1180 1500
-3.128 1260 1590
-3.703 1320 1670
-4.362 1390 1760
—5.068 1470 1850
—5.348 1500 1 890
—5.668 1540 1930
— Location 1 — Location 6 — Location 11
— Location2 — Location7 — Location 12 )
— Location 3 — Location 8 — Location 13— Location 16
— Location 4 — Location 9 — Location 14 ~— Location 17
— Location 5 — Location 10 — Location 15— Location 18
100% r - 1 ]
80%
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§ 40% +
20% r
0 ! JAn \
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13 kst Aot R

Fig.13 Spectrogram of the linear variable bandpass filter
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Fig.14 System stray light coefficient before and after suppression
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Stray light analysis and suppression of broad-band spectral imaging system

Ji Kaiyi'?, Xing Yujie'"*", Niu Xinshang'?, He Chunling'?, Dun Xiong'***, Cheng Xinbin'?***

(1. MOE Key Laboratory of Advanced Micro-Structured Materials, Institute of Precision Optical Engineering, Tongji University,
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2. School of Physics Science and Engineering, Tongji University, Shanghai 200092, China;

3. Shanghai Frontiers Science Center of Digital Optics, Shanghai 200092, China;

4. Shanghai Professional Technical Service Platform for Full-Spectrum and High-Performance Optical Thin
Film Devices and Applications, Shanghai 200092, China)

Abstract:

Objective The greatest advantage of hyperspectral imaging technology over traditional detection technology is

that it can record both spatial information and "fingerprint" spectral information of the observed target, with

higher spectral resolution, higher detection capability, and can effectively identify and classify the target to be

measured. With the development of hyperspectral imaging technology, the technology related to its core

instrument, the Imaging Spectrometer, is also becoming more and more mature. Early developed Imaging

Spectrometer are limited by the performance of spectroscopic devices, the band coverage is usually narrow. In

order to achieve higher spectral coverage capabilities, multiple Imaging Spectrometer with completed stitching is

usually needed, its volume and weight is large. Therefore, the study of a single broad-band spectral imaging

system (0.4-1.7 um) has important research significance. Grating has become the mainstream beam splitting

element for broad-band spectral imaging systems because of its high dispersion capability and high environmental
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stability. The grating-based broad-band spectral imaging system suffers from the problem of crosstalk between
multi-order diffraction spectra, which introduces serious stray light, which has a great impact on the performance
of the optical system. Therefore, it is particularly important to carry out stray light analysis and suppression
schemes for broad-band spectral imaging systems.

Methods Starting from a typical Schwarzschild structured grating-type broad-band spectral imaging system
(Fig.1), the stray light of the optical machine system was analysed using the Monte Carlo non-sequential ray
tracing method, Tracepro software was chosen to implement the simulation analysis of the broad-band spectral
imaging system (Fig.3). The system stray light was evaluated based on the simulation analysis results (Fig.5), the
theoretical calculation of the system stray light was carried out (Tab.3), and the theoretical calculation matched
the simulation results. Secondly, based on the stray light path of the system obtained from the simulation, the
source of multi-order stray light of the broad-band spectral imaging system was analysed in depth. A scheme of
adding filters is proposed to suppress multi-level diffracted stray light. Two types of filters are designed: a sub-
area filter (Fig.8) and a linear gradient bandpass filter (Fig.11), respectively.

Results and Discussions The stray light coefficient is significantly reduced after the addition of the sub-area
filter, and the long-wave stray light is better suppressed with a maximum stray light coefficient of 0.011, but in
the short-wave band, the stray light is still larger with a maximum stray light coefficient of 0.0826 (Fig.10).
Therefore, the stray light in the long wavelength band can only be suppressed by using the sub-area filter, but the
stray light in the short wavelength band is not effectively suppressed, which cannot meet the requirement of
suppressing multi-order diffracted stray light in the broad-band imaging system. With the addition of a linearly
graduated bandpass filter, stray light is not only suppressed at long wavelengths, but also at short wavelengths,
and the stray light coefficient is reduced to the order of 107 (Fig.14). Therefore, the use of a linear gradient
bandpass filter for the suppression of stray light in a broad-band spectral imaging system can meet the
requirements of the system.

Conclusions This paper analyzes the stray light problem of Schwarzschild structured planar grating type broad-
band spectral imaging system. The analysis results show that there are two main types of stray light in broad-band
spectral imaging system: one is the long wavelength multi-order diffracted light in the optical path multiple
reflections and diffraction and short wavelength spectral channel overlap; the other is the short wavelength multi-
order diffraction, adding linear gradient bandpass filter can effectively suppress the system multi-order diffracted
stray light, which meets the requirements of broad-band spectral imaging system. The work of this paper provides
a theoretical basis for the design of grating type broad-band spectral imaging system, and can be used for high-

performance broad-band spectral imaging system.

Key words: broad-band spectral imaging system;  grating multi-order diffraction; filter;

stray light coefficient
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