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Abstract — Based on the split-type Sagnac interferometer the principles of static high-flux interferential imaging spectroscopy were 
introduced. The noise of new type interferential imaging spectroscopy system is analyzed. The theoretical expression of total noise 
associated with the flux of the system is given. An analysis method is proposed, which combines imaging spectrometer system noise, 
CCD image sensor noise and spectral image to extract noise. The evaluation of the signal to noise ratio is also treated, it provides a 
new theoretical guidance for the accurate calculation of signal to noise ratio of imaging spectrometer and the effective use of noise 
reduction method. 
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I. INTRODUCTION 

Since the 1980s, with the emerging of Interferential 
Imaging Spectroscopy Technology, imaging spectrometer 
has developed toward miniaturization, high flux, multi-
channel and high resolution. Imaging spectrometer is a sort 
of machine which works on the one dimensional spectral 
information and two-dimensional spatial information. 
Nowadays, most imaging spectrometers use two-dimensional 
detector array in spectral imaging, and as to push-broom 
imaging spectrometer, if the columns of two-dimensional 
array detector mean spectrum, and so the lines mean push-
broom distance, as a result, every single frame of imaging 
spectrometer covers both spectral information and spatial 
information [1]. The most commonly used array of two-
dimensional array detector is Charge Coupled Devices (the 
“CCD”), and for the pursuit of higher resolution image 
outputting, a higher requirement for imaging quality are put 
forward. In order to make the imaging spectrometer meet the 
requirement for higher resolution and higher signal to noise 
ratio, the suppression of imaging spectroscopy system noise 
includes a CCD noise, is a very important work. There have 
been a number of researches regarding CCD noise analysis 
and evaluation, but there has no any theoretical calculation 
formula of the total noise of the imaging spectroscopy 
system been given thereof. The theoretical expression of the 
total noise of the system has been provided in this article, 
which can provide theoretical basis for further improving the 
performance of To further improve performance. 

II. SAGNAC INTERFERENTIAL IMAGING 

SPECTROSCOPY PRINCIPLE  

Based on split-type Sagnac interferometer of static high-
flux interferential imaging spectroscopy system, it is a time-
space mix-modulation style, and optical system thereof is 
shown in the Figure 1. Two-sided reflector and spectral side 

are at the same angle, and one side of the two-sided reflector 
has a misalignment quantity, compared with the symmetric 
position along the direction of spectral surface. Incident light 
is divided into 2 lights of transmission light and reflected 
light, by "half-permeable and half-reflectable" beam splitting 
film, and pass a triangle light channel in the opposite 
direction, and at the same Angle and certain misalignment 
(e.g. lateral displacement d) projecting on the exit surface. 
Placing imaging system in the exit surface, and the detector 
focal plane array (FPA) in the back focal plane of the 
imaging lens, and the two parallel light beams at the output 
surface are such as optical path, and the rear imaging system 
is aplanatic in the vertical surface of the lights which are 
misaligned, so Two parallel light beams will be at a certain 
optical path difference and gather in the same position of 
FPA and then interference will occur. But relevant noise 
analysis for the interference imaging spectrometer in CCD 
detection is relatively less, this paper takes Sagnac 
interference imaging spectrometer as example, and analyzes 
the system flux, photon noise and noise spectrum, and for 
restraining noise and analysis of signal to noise ratio 
provides a new idea, and for the performance of the Sagnac 
interference imaging spectroscopy have laid a solid 
foundation. 

When interferometer translated or rotated related to the 
object, the lights from the same object irradiated upon the 
interferometer in different angle, the optical path difference 
in the detector of divided two beams of light by 
interferometer changed also. In different time, the 
interference results could be gotten from different spots on 
FPA with the change of optical path difference. After 
extracting and rearranging the images of the same object 
recorded on the FPA in different time, the interference 
fringes of this object could be gotten, and then according to 
the Fourier optical principle, the radiation spectrum could be 
inverted and calculated [2]. 
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Figure (1).Split-Type Saganc Static High Flux Spectrum Interference 
Imaging System. 

The equation [3] by interference figure of polychromatic 
light is as follows: 

     2

1

cos 2I B d



    

                            (1) 
The spectrum of polychromatic light is produced by the 

equation below: 

     cos 2B I d   



                            (2) 

In equation: is the distribution of light intensity regarding 
the optical path difference; B(v) means the light intensity of 
the monochromatic light with frequency v. 

 

 
Figure (2).Schematic Diagram of Remodeled Sagnac Imaging 

Spectrometer. 
 

III. NALYSIS OF THE FLUX OF INTERFERENCE IMAGING 

SPECTROMETER 

Figure 2 is the schematic diagram of remodeled Sagnac 
imaging spectrometer, in which a beam of light from the 
light source was divided by the Sagnac spectral components 
into 2 beam of coherent light, which would be imaging on 
the rear aperture of the lens and detector, and after using 
computer to data image process the interference fringe, the 
object spectral information would be formed on the detector. 

Sagnac spectral element consists of two rectangular 
trapezoid [4], and between which there are coated semi-
permeable and half-reflective films, and the refractive index 
of the left and the right trapezoid are n1 and n2, respectively; 
a, b are two square edge length, of which c is misalignment 
difference; and 2 right angle trapezoids’ angles are 45° and 
135° respectively. A beam of light from the light source 
through the incident surface and 0 points, shine onto the 
semi-permeable and half-reflective film, at point A which is 
divided into two beams of light with the identical intensity. 

A beam of light passes through A, B, C three reflection 
points and D transmission point and finally radiated the 
output surface after through E point and out, another 
refracted light beam passed through A transmission point 
and F, G, H three reflection points, and eventually radiated 
the output surface after through P point and out. 

The incoming interface and the boundary between two 
media forms and are subject to the law of refraction [4]: 
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Take experiment according to the requirement in In 
which there are air refractive index, the incident angle of 
light, the light emergence angle, and respectively, the 
incident angle and angle of refraction of light on the interface 
of semi-permeable and half-reflective film. 

TSR and TPR are the total transmission rates of S 
component and P component for emergent light radiated out 
after passing through into the remodeled Sagnac imaging 
spectrometer, and the A, B, C, D, E points. TSP and TPT are 
the total transmission rates of S component and P component 
for emergent light radiated out after passing through into the 
remodeled Sagnac imaging spectrometer, and the A, F, G, H, 
P points. 
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In which B, C, F and G point are coated wholly reflective 
films, therefore: 

1 PGPFPCPBSGSFSCSB RRRRRRRR
 

A, D and H points are coated are coated semi-permeable 
and half-reflective films, thus on which the reflectivity and 
transmissivity of the S component and P component both are 
the same half with each other. Namely: 

5.0 PHSHPDSDPASASA RTTTRTR  
TSO, TPO, TSE and TPE are respectively the 

transmissivity of the light on O point and E point of S 
component and P component. 
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A beam of natural light with intensity I0 radiated into the 

system, and then was divided into S and P components. Then 
by flux equation, I0 is incident light intensity obtained after 
Sagnac interference imaging spectrometer and mainly 
determined by T of Sagnac interference imaging 
spectrometer. 
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(10) 
Sagnac is an important splitting element in Sagnac 

interference imaging spectrometer, which was constructed by 

glass combination ZBaF17 and QF14. And the refractive 
index of the left profile glass ZBa F-17 n1 is 1.664424, and 
of the right profile glass F-14 n2 is 1.592581. The lens focal 
length f is 250 mm, and CCD detector are placed on the lens 
focal, and thus the formula of solid angle is: to the area of the 
CCD detector. The elliptical area relative to the emergent 
light after passing through Sagnac spectral components is: 

21tgif tgiA                                                 (11) 
Therefore, the light flux equation of Sagnac interferential 

imaging spectrometer is: 
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IV. NOISE ANALYSIS OF SAGNAC INTERFERENTIAL 

IMAGING SPECTROMETER  

A. Photon Noise  

Apart from the noise of image device CCD, the noise of 
imaging spectrometer is also affected by the systematic noise 
of imaging spectroscopy generated from the spectral signals. 
This paper would mainly analyze the noise relative to the 
spectrometer imaging. The photon noise generated on CCD 
is in direct proportion to the square root of luminous flux 
incident upon CCD [5], i.e.: 

   
21

dark
photon e

i
N 



  

                           (13) 

In the equation,  is the luminous flux incident upon 
CCD from polarization interference imaging 

spectrometer, is the quantum efficiency of CCD, is the 
integral time, idark is the dark current, e is the elementary 
electronic charge. If the noise produced by incident photon is 
far larger than that by dark current, the dark current in 
equation (13) can be neglected. 

It can be seen from equation (13) that, apart from the 
integral time, the photon noise is also affected by the 
luminous flux. The luminous flux of a new polarization 
interference imaging spectrometer as per the principle of 
interference imaging spectrometer is [6]: 

      ABT                                            (14) 

In the equation, B   is the spectral intensity of 

incoming optical source, T    is the transmittance of 

spectrometer system,  is the solid angle of the optical 
source and aperture center, A is a ystem aperture and A ≤1. 
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In the actual design, the solid angle is limited by the 

spectral resolution R, wherein 









R

,  is the 
width of incoming spectral line,  is the wave number, 

  1-  and the following is satisfied: 
2R                                                                   

(15) 
From equation (14) and (15), then: 

       
R

AIABT  2

R

2


                       (16) 

From the above equation,       BTI  is the light 
intensity obtained after the spectrograph of incoming light. 

The luminous flux of Sagnac interferomet can be 
obtained from equation (12) and the photon noise of the 
spectroscopy system can be achieved by putting equation 
(12) into (13). 

B. Spectrogram Noise 

The foregoing noise can be considered to be generated 
from Sagnac interferomet system, but some noises are 
unpredictable and should be analyzed from the spectrogram, 
which is mainly divided by the stripe noises and random 
noises. 

The stripe noise can be expressed by smeraN
and [7-8]. 

  







  

 

n

1jk

1-j

1k
kk

read

trans
smera ss

t

t
N 

            (17) 
In the equation, ttrans is the charge transfer time in CCD, 

ttread is the charge readout time, j is number of columns in 
stripe noise, k is the number of lines before and after the 
stripe noise and Sk is the spectrum signal strength in line of k 

and:
 

2
1

s 



 

nk

, wherein n is the number of lines on X 
direction in CCD imagining area. 

Provided with a high spatial resolution and spectral 
resolution, the detecting continuity of Sagnac interferomet 
makes its imaging spectrometer data highly relative to the 
space and spectrum. If such coherent signals are extracted 
from the figure, the remaining part would be the random 
noises [9]. It can use the decorrelation method to extract the 
relevant spectral image and remain noises, which can be 
expressed by the multivariate linear regression, then: 

dDbDaD kpkjikji   ,1,,1,,kj,i, cD


               (18) 

In the equation, D


is the linear fitting value of image 
gray, D is the original imagine gray value, a, b, c, d are linear 
regression coefficients, i and j are coordinate values of line 
and column in the image, k is the wave band number and: 
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The residual image after the decorrelation is: 

kjikjikji DD ,,,,,,R



                                          (20) 

R is the residual value in the equation. Hence, the noise 
variance of imagine is obtained: 
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Wherein, w and h are the width and height of the 

imagine. 
Apart from this, the gray level and light intensity has the 

relationship of  DIClgD , which means
C

D

D 10I  , 
wherein C is the conversion coefficient. Hence, the 
equivalent noise photon is: 
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C. Total System Noise  

The researches on noises generated by devices during the 
process of CCD imaging have been made earlier in details. 
This part of noises still exists in the imaging period of 
Sagnac interferomet. If the dark current is expressed by 
Ndark, the readout noise is expressed by Nread, reset noise is 
expressed by Nreset, FPN is expressed by NFPN, the total 
noise of new polarization imaging spectrometer is the root 
mean square value of the above noises based on the 
independence of noise source, which can be expressed by: 
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                   (23) 
NSPIIS can be obtained by putting equation (12), (13), 

(17) and (22) into (23). 
The comprehensive analysis of Sagnac interferomet is to 

obtain the signal-to-noise ratio in a more accurate way. 
Although the calculation of signal-to-noise ratio has been 
already documented, deep analysis of noise, especially the 
photon noise and spectrum noise, has not been included [10]. 
Based on these foundations of research, this paper gave the 
noise of Sagnac interferomet, which could lay a foundation 
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for the imaging spectrometer with a higher signal-to-noise 
ratio and sensitivity. 

 

V. NOISE EVALUATION OF SAGNAC INTERFEROMET  

 
The spectral signal is the function of luminous flux, so 

signal-to-noise ratio of Sagnac interferomet 

is

 
 

 


 2
1

2
1SNR 

 based on the foregoing 
analysis. From the above equation, apart from the noise 
generated in operation of CCD sensor, the main noise source 
affecting Sagnac interferomet is the photon noise, which is 
relative to the photon number of incoming CCD, i.e. system 
throughput. It does not affect the change tendency of signal-
to-noise ratio of the system. If the system possesses a high 
throughput, the system’s signal-to-noise ratio would also be 
improved. The camera produced by Apogee (see Table 1) 
was taken as an example for numerical simulation of Sagnac 
interferomet and the change of signal-to-noise ratio based on 
the original research basis is also given here 

TABLE I  CCD CAMERA PARAMETERS OF APOGEE 

resolution/pixel 1536×1024 
Pixel Size/μm 9×9 

quantum efficiency 
(dimensionless) 

0.65@589/nm 

transt
/μs 

1.6 

readt
/ ms 

29. 978 

darki
/ e 

0.4@-30℃/p 

 
 

 
(a) 

 
(b) 

Figure (3). (a) Interferogram by Experiment (b) Spectrogram by 
Experiment. 

 

 
Figure (4). Change of Signal-to-Noise Ratio of Sagnac Interferomet as the 

Incoming Angle Changes. 

 

The phase rephotograph (Figure 3(a)) and spectrogram 
(Figure 3(b)) are obtained by experiment. =589nm,t=8mm,n 
=1.65835,n =1.48640 ， A Ω =1, if V=1 and angle of 

incidence 0i =  1o, it can be calculated by equation (12) 
and (13) that N ≈26.8e and according its grey level, N ≈
6.3e and N ≈8.6e. A high modulation degree should be 
required as possible as it can be when using a Sagnac 
interferomet. The modulation degree of Sagnac interferomet 
is: 

)/2cos(
minmax

minmax 
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                       (24) 
Hence, upon the foregoing noise analysis and calculation, 

if the maximum of modulation degree is V=1 and V=0.5, the 
change of signal-to-noise ratio of Sagnac interferomet as the 
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incoming angle changes can be obtained after the numerical 
simulation, as shown in Figure 4. 

It can be seen from the above Figure that, the signal-to-
noise ratio would be large if a spectrograph is provided with 
a high modulation degree. If the modulation degree 
maximizes to 1, the maximum of signal-to-noise ratio would 
also be reached. However, under the same radiation flux, the 
effect of total system noise Ns may limit the maximum of 
signal-to-noise ratio, which is resulted by the consideration 
of a more comprehensive and actual amount of noises. A 
higher signal-to-noise ratio can be achieved by adopting 
optimizing system design, using low-noise imaging sensor, 
improving the image processing technology and other 
methods. 

Ⅵ. CONCLUSION 

Based on the original theoretical foundations of Sagnac 
interferomet, this paper proposed the CCD imaging sensor 
noise, imaging spectrum system noise and impacts on 
imaging spectrometer noise by spectral image noise upon the 
flux analysis and noise analysis. The following conclusions 
could be obtained: 

1. This paper gave the expression of total noises of 
Sagnac interferomet and apart from the impacts on noise of 
imaging spectrometer by CCD, emphatically analyzed the 
impacts on spectrometer by the photon noise relative to the 
imaging spectrum system, calculated the spectrogram noise 
of the Sagnac interferomet and provided a new theoretical 
support for the exact analysis and calculation of the signal-
to-noise ratio. 

2. The total system noise and signal-to-noise ratio would 
be increased due to the increase of Sagnac interferomet, the 
feature of high signal-to-noise ratio would not be affected, 
which represented the high throughout, resolution and 
signal-to-noise ratio the new polarization interference 
imaging spectrometer has. 

3. The photon noise exerted a great impact on the 
spectrograph, but it limited the minimum level of 
spectrometer noise. Hence, in order to improve the signal-to-
noise ratio of spectrometer, the impact on spectral imaging 
by CCD devices and environmental noises should be 
reduced. 
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