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Abstract: In order to overcome the inability of scanning multi-spectral imaging to capture multi-spectral data in
dynamic scenes, a single-exposure multispectral imaging method for moving targets was proposed based on phase
modulation. This method combined associated imaging technology, compressed sensing technology and spectral
imaging, introduced a spatial random phase modulator into the imaging light path, modulated and compressed the
three-dimensional map information data of the moving target object, then used the two-dimensional aliasing
signal obtained by the detector to reconstruct the three-dimensional map information to achieve a single exposure
and simultaneously obtained the three-dimensional map information of the moving target. It had the advantages of
high utilization rate of light energy, short imaging time, and simple system structure. The experimental results

show that when the average electron number of a single frame of CCD detection signal increases from 200 e at
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intervals of 100 e to 1300 e, as the average rRMSE value of the electron number increases, the relative root

mean square error of the reconstructed image decreases correspondingly, and the reconstruction improved image

quality; when the stepper motor drives the target object to continuously move at a speed of 30 Hz, a multi-spectral

reconstructed image of the moving object with better quality can be obtained; a spectrometer is used to test the

spectral distribution curves of different spectrum bands in the target object, and the results obtained are basically

consistent with the spectral distribution curves of the reconstructed image, which proves the effectiveness of the

method. The research results provide a useful reference for the application of multi-spectral correlation imaging

technology in UAV platforms, dynamic monitoring and other fields.
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Fig.4 Experimental results of single-frame multi-spectral correlation imaging
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Fig.5 Experimental results of single-frame detection signal and reconstructed image with different electron number averages
Jo B R MO 22 50 B ERIB 3y, 2001 IR AR T A 4

Kl 6 S rRMS EREHL T 24 22 A ¢ R th 4L 8
H 6 FTLUE 1, 2 i R4 (E R 200 e i, HAEIE
9 rRMS EfH 2 0.1989, >4 Hi FEU (A3 i 2 1300 e
BF, rRMSEfH N 0.0119, B % HL T %5035 18 (19 3% i,
rRMS EAH 3 T [, SAs [R5 i W i e e o

0.3

SN

0.1

rRMSE

——
“““l-—-__-___.__‘__.
—
—

200 400 600 800
Wavelength/nm

1000 1200

6 rRMS EFHLTHIIEC R ML K
Fig.6 Curve of the relationship between rRMSE and the mean number of

electrons

N Bris 3 B bR A9 26 S B R A, A
H A3 ML 30 Hz (193 & 47 sh 1k L 0.6 mm/s [

mE 7o) Fios. IR E, RO 45 694
LORHEEARME B 450 mm, 43z ZhAFE R 100 s B,
G ) & AL SR HEIEAE 8 T 60 mm; iz
B[] 3G I 3] 200 s B, B A ICE A5 T 120 mm,
B HETE AW 330 mmy; 2432 BT E] A 500 s B, R BT
H AR B J 300 mm, B2 4EIE AR 150 mm,
X EEE 7(a) 5 1E] 7(b) BT LA K BL: GISC #HALAA R 192
i H bi 2 6% B EE A 45 55 W5 A AILFE AS 5] s 2
Fr A4 H AR 914 1) RGB K542 sl BLEE 5E 4 4 [ 5 (1
FEAHTE B AL, RGB AL K BEHAHE 3 ek imaE, 1
Hi &1 4 7] k1 GISC AHPLREAE 1S 15 > tiikidaE, al L
A iz 2l H br 5 ER b B BOE N = 5 R oGk
FFIE.

R T 20 B SE 5 A AT AT, SR H USB4000-
VIS-NIR SGiE U H A5 #) 74 H 450~700 nm A [7] 5 €4,
PGS A AT T K, JF 5 GISC ARHLFAHE Y FE Y
PG S0 6 13 il 2R 18 A7 % oA, Al 8 Bt o SR
GO B AR iR b it sk, B 0
FNEL AR ER o3 i ith S 1 B 04 43 3 67 T 481, 513, 587,
608, 638 nm, Sl F A4 [ 5 v Xof g R 43 i it 2k i) 5

20210184-6



s Gk A2

www.irla.cn

7=0s
7=100's
7=200's
T=300 s
7=400 s
7=500 s

(a) i23) H#5 RGB %
(a) RGB image of moving target

(b) 183 B AR BT AL IR 45
(b) Single-frame reconstruction image result
of moving target

& 7 183 BARERIRI 2 2 0% e U5 2

Fig.7 Results of multi-spectral correlation imaging of moving targets at different moments
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Fig.8 Spectral distribution of color targets in USB4000-VIS-NIR spectrometer and GISC camera
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