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Optical system of imaging spectrometer in short—wave infrared

with high NA for precision agriculture observation
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(Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Hefei 230031, China)

Abstract: An imaging spectrometer in the short infrared waveband of 1.0-2.5 wm was obtained for the
precision agriculture observation by air. The scientific performances parameters of the imaging
spectrometer were analyzed for the requests of the precision agriculture. The perfect astigmatism corrected
conditions were obtained based on the advanced Dyson imaging spectrometer. The enough axial and
lateral spaces among each parts of the system guaranteed the arrangement of mechanisms of the slit, the
detector and the optical elements. An imaging spectrometer with high optical performances as F number
1.5, the field of view 28°, the slit length 25 mm, the spectral resolution 12.7 nm and the spatial
resolution 1 mrad was designed. The aberrations were totally corrected and the tolerances of the system
were loose. The research will be helpful for application of precision agriculture remote sensing.
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Fig.1 Principle of the agriculture observation for the airborne

imaging spectrometer
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Tab.1 Characteristic spectrum of targets in

the precision agriculture observation

Observed targets Spectrum/nm
Organic matter and clay content in soil 420-2480
Phosphorus in soil 471-826
Nitrogen content in leaves of wheat and corn 550-1 000
Chlorophyll 400-700
Cotton yield prediction 467-931

Diseases and insect pests Visible

Vegetation fluorescence 670-780
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Tab.2 Performace parameters of the hyper—

spectral imager

Parameter Value
F number 1.5
Field of view/(°) 28
Spatial resolution/mrad 1
Spectral resolution/nm Swir<15
Waveband/nm 1 000-2 500

2 BiZRALZIRIT

i s B9 8 AT DA R FH 9 3 X s e G = B
B, R EERHT UG HEEIZRE
(Schwarzschild 328 R 46, #R43SCHk i H A T 5 R~
FENE PRER L 3 G0 AH BL L' A% 45 I A% R 306 1 AR A 3
RIEEM AR R G0, H BB N K AERR
T B2, X FPE5F 0] LUAE /N FRCRR WA S 30 R4
B B T i AR L 5 o BE R R kit e &
Bl A2 N 143.06 mm , AEER T R ECH 5.95; B
R84 138.76 mm, AEERTH R ECN 018, RGi M
7 50.1 mm, BUERH R &L T RS KR 25 pm,
1 024x1 024 4>, BETHREEREBEES AN 2 s,

Imaging plane

Secondary
mirror

Primary mirror

& 2 PR B Kl
Fig.2 Beam path diagram of telescope design

Kl 3 WBI RG4S

1.0 p—

——
= .
E\ 0.8 \
0
= 06r
Z 04}
E
S 0.2
=
” i i L L
] 10 20 30 40 50
Spatial frequency/cycles-mm’’

(a) BiLH: MTF fhk &

(a) MTF curves of telescope

1218007-3



ok TR

%124 www.irla.cn % A7 %
253 _ 545 LA, 51258 Dyson JGiEAX R AH L, B4k
20.0f 20,0t YA S B R R E S T IR EYE T RS

:
10.0F 10.0F

0 ! -
-0.05 0 0.05 —10.0% 0 10.0%

Field curvature/mm F-tanf! distortion

(b) 37 Hfy F e AR
(b) Field curvature and distortion
3 BB AR

Fig.3 Design results of telescope
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Fig.4 Basic optical path of the advanced Dyson spectrometer
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Fig.5 Optical path of the advanced Dyson imaging spectrometer
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Tab.3 Original and optimal parameters of

optical structure

Characteristic Value

Hemisphere lens Radius 62.68 mm, Thickness 25 mm

First lens Radii 75.65 mm, 72.52 mm, Thickness 8 mm

Secondary mirror Radii 282.2 mm, 266.1 mm, Thickness 9 mm

Grating Concave
Ruling 27 line/mm
Radius 200 mm
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Fig.6 Optical path of the imaging spectrometer
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Fig.7 Design results of the optimized optical system
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