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Abstract Signal-to-noise-ratio (SNR) is an important index for evaluating multispectral imaging performance. In
the early stage of designing a multispectral imager, SNR analysis should be performed for the determination of
subsystem parameters. The imaging chain model of multispectral remote sensing is introduced. Characteristics of
radiation source, object spectral reflectance, atmospheric radiation transfer, optical imaging, dispersive element,
detector spectral responsivity and camera noise are synthesized to come into an end-to-end analysis. A filter array
based multispectral imaging system is modeled. Computation of atmospheric radiation transfer is from MODTRAN
under conditions of different solar zenith angles and different surface features. The models of charge coupled device
are adopted for characterizing the noise features. SNR for different working conditions are shown for the designed
multispectral remote sensing system. The SNR analysis is helpful for demonstrating the best operation condition for
multispectral remote sensing system of this kind, as well as optimizing related optical system parameters for best
performance with lowest cost.
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Fig. 1 Image chain model of multispectral

remote sensing
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Table 1 Formulas for noise calculation

Noise type Equation

Shot noise

Pattern noise ( Nppxu ) =UN
Reset noise (N> = VETC
q
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Parameter
N. number of photoelectrons
Nyx—— number of dark electrons
U —— photo response non-uniform
k Boltzmann constant
T absolute temperature
C sense node capacitance
q electron charge
G on-chip amplifier gain
V on ship-amp-noise noise voltage
Af e noise bandwidth
Afee G off-chip amplifier gain
N charge well capacity
N number of bits
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Table 2 Parameters for a multispectral remote

sensing system

Parameter Specification
Spectral range /pm 0.4~1.0

Number of bands 8

Focal length /mm 105
F 4

Sensor height /m 7000

Instantaneous field of view /mrad 0.1
Integration time /ms 2

2% 3 PeregrineTM-486 CCD Z%k
Table 3 Parameters of Peregrine™-486 CCD

Specification
4096 X 4096
15 pmX15 pm
10 e” @ 1 MHz
100 k e~
0.05 e /(pixelss)
ADC dynamic range 16 bit

Parameter

Resolution
Pixel pitch
Typical read noise
Typical full well capacity
Typical dark current (—50 C)

0.5

Quantum efficiency
o I =
[\ w -

o
=

0 L L L L L L
04 05 06 07 08 09 10 11

Wavelength /um
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Fig. 3 Quantum efficiency of Peregrine™-486 CCD
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Table 4 Parameters of filer array

Full width at half

) Central
Band index ]
maximum /nm

wavelength /pm
42
46
55
65
71
85
90
94

20
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S O O O O O O O

F 5 MODTRAN A% & ) KA 51
Table 5 Atmospheric condition set in MODTRAN

Specification
7000 m
1976 US standard
30°, 45°, 60°

Parameter

Sensor height
Atmosphere model
Zenith angle range
No cloud or rain
Rural VIS 5 km

0~0.9

Weather condition
Aerosol model

Albedo range
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Fig. 4 SNR for different solar zenith angles
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