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Abstract Aiming at the technical problems of existing unmanned aerial vehicle (UAV)-borne hyperspectral
imagers, a compact visible near infrared imaging spectral system is designed. First, an imaging spectrometer and a
plane array camera are integrated to design the common optical path. Then, the high frame frequency plane array
image is used to invert the position and attitude parameters of the camera. Finally, the high-precision spatial
information correction is carried out for the synchronously obtained push and sweep hyperspectral image. The
system has a working range is 400-1000 nm, a field of view is 43.6° in the width direction, a field of view is 20.0°
in the flight direction, a focal length is 13 mm, and a spectral resolution is better than 2.5 nm. ZEMAX software
is used to optimize the design and analysis of the system, and prism-grating prism (PGP) design is used for the
spectrometer, which has the characteristics of light weight, low cost, and high resource utilization.
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Table 1 Technical specifications of designed system

Specification Value

Focal length /mm 13
F-number 2.5

Field of view /[ (*) X (%) ] 43.6X20.0
Focal length of imaging objective /mm 40
NA of imaging objective 0.2

Spectral range /nm 400—1000
Spectral resolution /nm 2.5

Image plane size of detector /(mmXmm) 11.2X11.2
Slit size /mm 11

System size /(mm > mm>Xmm) 290X100X 65

Weight /kg 1.5
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Fig. 6 Design results of telescopic optical system. (a) MTF curves of telescopic optical system; (b) distortion curves of

telescopic optical system; (c¢) chromatic aberration curves of telescopic optical system

BB T A S, E 6 v LIE R, T/ER R
RE R 11 pms & R SF AT 45 25 (8] #0E550% R
45 lp/mm, [ IR AL 33 o6 5 (MTE) {8 £ FRAE
W 45 Ip/mm A KT 0. 75, 75 /2 B B 2 e R
I ER

4 PGP i {seit

4.1 PGP R THSEIERE

T A O AR e AT S LA RO A Ak
AR FAF T T RGO IS5 5 th TAEGE
P 1T BRI H A S R R A R 1 O R
FE T RSB ) A I 5 0 SO A I T
ik AEL . PGP 6 R G ML 2 PGP 4%
JCIF SR AN 7 TR . AR SO T AR BE G BT 5 R B
FEH) 3 C IR B, g7 —Fh LT PGP IR &5 2
BT, FEF RN SRR B R
kA O R LA K i Heb BE R TR AR B, A B, . I
WS EURT e BRI EES R,

T AESCERATI I Yl S B R AR AR O
LS Z I R 05 =B, YA, RIEIT B E
AT L e B AR 2 T B A S A R A A

sin 8, =nsin 0, , (D

...... d i i % |
gfatihg
t

L/ |

i /Bl B\ |

B b, 0, )

02 93

prism 1 o prism 2

El 7 PGP - tooi s
Fig. 7 PGP splitter structure

nsin 0, =sin 05 , (2)
Ko APTHRR, AR =AU R 015
sin B; =n, sin(B; —05), (3

AP, AAFRPERKA TREIGERITH R, A
SARBEEA A 5 el el 4 4k ok i
SREHPAT  HAFAE— A hi ks At /. 5 A A
SGHTISAA A AT CRIN B RO RV AL AR B A
e S S

0, =0, =arcsin(A./2nd) , 4
AP d REHIEE B R R UG B B 0 1 A A

B N
B, =arcsin{nsin[ §, —arcsin(1./2nd) ]}, (5)

2322001-4



2 41 % & 23 H1/2021 £F 12 B/ ER

e A XERE R A B R
B :arctan<w) , (6)

n,cos ¢ — 1
Koo AN, BRGS0 45 0615 R A
R ONR GBS SR U RGN B TE bR R

TE T ICHPRIEBE R BT 240, PGP (19 EEEOR SR b5
W 2 FroR . R XA BETT I o 9 - B A 14 e
MSEOH  BBETERE o A d, 50CERAY BT
B BARRSC AR 75 T B 1k B el 2 ot o 5 5 i T
(¥ B B B Y (R ey

% 2 PGP LRI HL

Table 2 PGP component parameters

Number of grating Thickness of sinking Prism Prism thickness /  Prism angle / Half
lines per 1 mm bottom /mm material mm @) height /mm
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Fig. 18 Reflectance spectra of hyperspectral data cubes and regions of interest. (a) Hyperspectral data cube;

(b) reflectance spectra of region of interest
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Fig. 20 UAV hyperspectral images and geometric
correction results. (a) Original line-array
hyperspectral image; (b) hyperspectral image

after initial correction using low-precision POS;

(c) area array image; (d) self-corrected

hyperspectral image
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