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Four Dimensional Spectral Imager with Integral Field Fiber Bundle
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Abstract As one of the most important development of remote sensing, spectral imager has been widely used in
military, geognosy, ocean and atmosphere measurement. However, the classic spectral imager, neither dispersive
spectral imager nor Fourier transform spectrometer, which has to take multiple exposures to scan spectral data cube,
do not suit with the situation that the scene change too fast. Four-dimensional (4D) fiber reformatting spectral
imager, in which a special optical fiber bundle sits in the image plane of the telescope and has linearly aligned at the
entrance to the spectrograph, can capture three-dimensional (3D) spectral data cube in a single exposure. So it
enable to measure fast moving target or fast changing scene. A breadboard system in the laboratory is described, the
average spectral resolution of the system is 4.2 nm in visible range. and a good imaging result of color target is got.
The fiber bundle errors are analyzed, and the calibrating method is given.
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Fig. 1 Four dimensional (4D) fiber-reformatting

imaging spectrometry

3 RIS RS

MG LR IS R G B A5 1 T Ok eR
HR S ARLHES L To R AR G SRR 2R Kk
T LHATHES  RIVERCRAR A 5 R A GLT W L,
XALE H AT AR KR EEN R, E DLt
FOE WL EAR N 40 pm (A7 FLE 27 HE B 1 K . 1
A ULOG R LT AN B R R E S . SGEF A
Stui ol 32 pixel X 32 pixel FY I 3 » 1 5 o W Je I
B 1024 pixel X 1 pixel 435 . 647 MK 0. 58 m,
HEZ RN Ry 52 o, SRR FH 45 T G0 25 LAAR P06 2F
JEHAT LT —E B EME . B 2(a T
FEEF AR RS L, B 2C(h) FiT (o) 43 3] 2 T St 12k g
1) i R

HR G AR B, 5 T s i S g R s Al 3

0511004-2



AL

JEEF LI & h DY 4 6 15 R AX

rectangle_end

linear end

2 MBEBOEAHR. (@ NFH; (b) i
B4 (oZ%inE %
Fig. 2 Integral field fiber bundle. (a) Fiber bundle;

(b) image of square end; (¢) image of linear end
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Table 1 Specification of breadboard system

Parameter Value
Spectral range /nm 450~850
Spectral resolution /nm 3.68
Spectralwidth sampling /nm 1.6
Pixel 31X21

VRS YSERE S
TE SR A2 B4 AT » S (0 v Fe oR AT 4R R iR i A7
JEE 9 2 B o 85 R KT AE 200~700 nm (1% 38 K 3 [
WA G0 A B 5T I 40615 18 T T 45 28 54 3 mf L
JE U BT A A I B e I R . ) 2L N R D
s AR S v JO7 1) S FS AR o7 B 39 8 e /)N — Ffe 41l
AHETIK A RTOE « 09 R, 206
ERR
TEEIE S bR KRR 2 R R PAEHT
GF AL BB R K B K AR ZE
BT OGIE 3 BER AN E i R KT R A58y 42 30 1) 3%
£k 576.96 nm 1 579. 07 nm &K — %<k, L LA
PISL B - 29K 578, 02 nm 8K bR & . 0
B Ja W B KA 25 4 0. 35 nm,
TR A B 22 57 DL R 52 6N
AN P RIS 2 R A5 Ty T YR 22 L O S A AR 1 52
250
200

150
Z
A

100

50 4
5
0
450 500 550 600 650 700 750 800 850
Wavelength A /nm

B4 bR a1 e R AT 1 il 4%
Fig. 4 Spectrum of high-pressure mercury lamp

after calibrated
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Table 2 Spectral calibration by high-pressure mercury lamp

Sampling point 1 2 3 4 5 6

Pixel position 50 83 102 129 158 169
Theoretical wavelength /nm 491.6 546.07 578.02" 623. 44 671.62 690.72
Fitted wavelength /nm 491.52 546. 29 577.97 623.17 671.97 690. 54
Error /nm —0.07 0.22 —0.05 —0. 27 0.35 —0.18

* The emission spectrum of high-pressure mercury lamp at 576. 96 nm and 579. 07 nm is too close to be apart.

only average wavelength is considered.
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Fig. 5 Experiment result of color target. (a) Color target; (b) experiment result
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