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Fig.2 Schematic image of the curved slit on the detector
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Table 1 Combined parameters of slit shape and lens distortion

No. Value of fit h,;/mm h,/mm hs/mm h,/mm Dist, Dist,
1 6.13 0.005 6 0.0221 0.049 9 0.089 1 —0.90% —1.16%
2 4.84 0.006 2 0.022 5 0.049 2 0.089 5 —0.91% —1.18%
3 2.95 0.005 3 0.021 2 0.049 6 0.088 7 —0.86% —1.18%
4 2.82 0.005 5 0.0219 0.049 4 0.089 0 —0.81% —1.12%

T 3 DU Fob 45 48 1) 3 R RS BB A AN TR L H Diist, JEAS 10 Dist, 29 0.75 4% , 3 2 i 15 A 5% A B2 1 L
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Table 2 Combined parameters when grating line is 280 Ip/mm

Slit length/  Smile with the Smile with the

) ] ) h/mm  hy/mm  hy/mm  h,/mm Dist; Dist,
mm straight slit /um  curved slit /pm
30 — 260 —0.56 0.010 3 0.041 3 0.093 5 0.167 4 —1.82% —2.02%
40 —462 —1.79 0.018 4 0.073 8 0.167 7 0.3020 —3.32% —3.45%
50 —721 —4.702 0.028 8 0.116 2 0.265 4 0.481 6 —5.33% —5.30%

F3 KMRILEA 250 Ip/mmWEESSH

Table 3 Combined parameters when grating line is 250 Ip/ mm

Slit length/  Smile with the Smile with the

) ) ) hy/mm h,/mm hs/mm hy/mm Dist, Dist,
mm straight slit /um  curved slit /pm
30 —231 —0.41 0.009 2 0.036 9 0.083 5 0.149 6 —1.83% —1.98%
40 —411 —1.63 0.016 4 0.066 0 0.150 0 0.270 2 —3.30% —3.38%
50 —641 —4.126 0.0257 0.103 9 0.237 3 0.430 7 —5.31% —5.24%
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Table 4 The main indexes of imaging spectrometer

Parameter Value
Wavelength/nm 400~800
F number 3.5
Slit length/mm 22
Slit width/pm 11
Spectral resolution/nm 2
Channels 200
Pixel size/pm 11
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Fig.12 Optical path diagram of collimator lens
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Design of the Optical System of Coaxial PGP Imaging Spectrometer with
Eliminating Spectral Smile

FAN Xinghao"*’, LIU Chunyu"’, XU Minglin"’, LIU Shuai"’, ZHAO Yingming"*”’,
CUI Yazhen"**
(1 Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun 130033, China)
(2 University of Chinese Academy of Sciences , Beijing 100049, China)
(3 Key Laboratory of Space=based Dynamic & Rapid Optical Imaging Technology, Chinese Academy of Sciences
Changchun 130033, China)

Abstract: Hyperspectral remote sensing technology is an optical remote sensing technology developed on
the basis of imaging spectroscopy, which can realize comprehensive observation of spatial information,
spectral information and radiation information. The imaging spectrometer adopting the Prism—Grating—
Prism (PGP) spectroscopic element avoids the off-axis problem of traditional prism—type and grating—type
imaging spectrometers, and is conducive to the miniaturization and compactness of imaging spectrometers.
Aiming at the problem that the spectral smile of coaxial PGP imaging spectrometer is difficult to correct,
this paper proposes a method to rectify the curvature of spectral line by using curved slit and distortion of
the collimator lens and focusing lens. On the basis of retaining the advantages of PGP such as high
diffraction efficiency and coaxial optical path, this method can correct spectral smile and keystone of the
instrument. In this paper, the prism—grating—prism vector dispersion model is established by focusing on
the influence of lens distortion, the number of grating lines and prism angle on spectral smile and keystone.
By tracing the light vector and analyzing the intersection between the light vector and the image plane after
the light vector passes through the PGP element with different parameters, the influence of different
parameters on the smile was analyzed. It is worth noting that when the shape of the slit changes, the
direction of the initial light vector also changes. Therefore, this model can also analyze the effect of the slit
shape on the spectral smile and keystone. Further, the prism—grating—prism vector dispersion model is used
to analyze the spectral line bending characteristics of coaxial PGP spectroscopic elements: when the coaxial
condition is met, the PGP imaging spectrometer will inevitably have a large smile, and the spectrum is
bent in the short-wave direction. After adjusting the prism Angle, the number of grating lines and the lens
distortion, we analyzed the smile size of the combination of the above parameters, and came to an
optimistic conclusion: the smile problem of the imaging spectrometer could not be eliminated only by
changing the prism, grating and lens. However, the smile can be corrected well by the method of bending
the slit and matching the appropriate lens distortion. In order to improve the versatility of this method, this
paper gives an objective function for correcting spectral curvature and spectral line curvature by using the
PGP vector dispersion model, and uses genetic algorithm to optimize the objective function and calculate
the best combination of slit shape and lens parameters quickly. In order to verify the feasibility of this
method, this paper uses the calculation results of this method to design a curved slit PGP imaging
spectrometer with a slit length of 22 mm, an operating wavelength of 400~800 nm, a spectral resolution of
3nm, and an F number of 3.5 which has a spectral curvature of less than 2 pm and a spectral line curvature
of less than 2 pm. The optical system has a diffuse spot radius of less than 5.4 pm in the wavelength range
of 400~800 nm, and can distinguish slit images with a spectral interval of 2 nm. The energy concentration
of all fields of view can reach 90% in the 2X 2 pixel scale. The design results show that the use of curved
slit and distortion of the collimator lens and focusing lens can effectively correct the curve of the spectral
line, which has important guiding significance for the design of the coaxial PGP imaging spectrometers. In
this article, we calculated the optimal slit shape and lens parameters for different slit lengths and different
grating parameters, which proved that the method had universal applicability.

Key words: Spectrometer; Correcting spectral curvature; Curved slit; Prism-grating—prism; Imaging
spectrometer; Genetic algorithm
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