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Abstract

The application effect of hyperspectral imaging relies heavily on the acquired signal-to-noise ratio (SNR)

of images. The hyperspectral imaging requires a high frame rate and a low SNR for a high spatial resolution. The

time-delay-integration (TDI ) mode cannot

be used to solve the problem of weak light energy. because the spectral

imaging contains the two-dimensional spatial-spectral information. A swing mirror is usually used to reduce the

application requirement.

However, not only the volume and weight increase, but also the acquired image is

discontinuous and the space reliability of the moving parts is reduced. Thus the ultra-high speed electron

multiplication and the imaging spectroscopy are combined organically, and a high-resolution hyperspectral imaging

chain model based on electron multiplication is built. This model can be used for a complete analysis of the SNR in

an imaging chain, if all elements such as radiation source, object reflectance. atmospheric radiation transmission ,

optical system imaging, spectroscopic

characteristics, detection spectral response and camera noise are

comprehensively considered. The LOWTRAN 7 software is used to investigate the atmospheric radiation

transmission. The illuminance at the image plane is calculated for different solar altitudes and object reflectance, and

the SNR under different working conditions is calculated according to the noise model of an electron multiplying

charge coupled device (EMCCD ) detector. Through the analysis and experiment of SNR, a suitable choice of

multiplication gain can make the SNR of weak spectral signals enhanced by 6 times.

Key words
reflectance
OCIS codes

: 2018-05-14;
(61405191) |

*E-mail: ciompyuda@163.com

: 2018-06-11;

detector; hyperspectral imaging; signal-to-noise ratio; electron multiplication; solar altitude ; ground

040.1520; 120.0280; 110.2970

: 2018-07-12
(20160101273JC, 20150520102] H)

1104002—1



[1]
= (A/D) \ :
[3]
b b Y
[4]
’ ’
[12]
o b b b b o
A A A b
; , s LOWTRAN
A} A} A} A A b
(561 s EMCCD
’ Ay ’ ’
S . R, £,
(SNR), o
2
’ 1 b
-
, (TDD s
o b o
b o
b b
b o
0 s s EMCCD, ,
b b b
ol (EMD )
(EMCCD)
A A Y A A A b
b
[11]
1
Fig. 1 Imaging chain model for hyperspectral sensing
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Fig. 2 SNR model of hyperspectral imaging system based on electron multiplication.

(a) Electron multiplication gain is 1 ;(b) electron multiplication gain is larger than 1
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1

Table 1
Pixel
resoluton 10 9 8 7 6 5 4 3 2 1

(Dataset) /m

Integration

Maximum integration time at different pixel resolutions

time 1.38 1.24 1.11 0.96 0.83 0.69 0.55 0.41 0.28 0.14

(Salinas) /ms

0.3 3 60° ,
R=0.6; 10° s
R=0.2; 10 m,
E2V EMCCD CCD201
3 43e”
( ,43e~ 43 )
o 3
5 nm 10 nm, & 4.5,
10,20,
) o 4 4.5, EMCCD
; (b) 10 nm

Fig. 3 Focal surface irradiance. (a )5 nm spectral interval ; (b) 10 nm spectral interval

4.2
LOWTRAN 7
’ 400 km,
96 % s
3 . (a) 5 nm
4 £=4.5 . (a) 5 nm;(bh)

5 nm; (c¢)

10 nm; (d) 10 nm

Fig. 4 SNR when £é=4.5. (a)5 nm spectral interval for back illumination ; (b) 5 nm spectral interval for front

illumination ;(¢ ) 10 nm spectral interval for back illumination ;(d ) 10 nm spectral interval for front illumination
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Fig. 5 SNR when €=10. (a) 5 nm spectral interval for back illumination ; (b) 5 nm spectral interval for front

illumination ;(c¢ ) 10 nm spectral interval for back illumination ;(d ) 10 nm spectral interval for front illumination
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7
Fig. 7 SNR versus electron multiplication

gain under weak light

9

8
Fig. 8 SNR versus electron multiplication

gain under strong light

Fig. 9 Imaging effects of the color target at different electron multiplication gains
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