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Abstract: Spectral calibration consists of the calibration of wavelengths and the measurement of the 

instrument's spectral response function (SRF). Unlike conventional slits, the absorbed aerosol sensors (AAS) 

are used as a slit homogenizer, in which the spectral response function (SRF) is not a conventional Gaussian 

curve. To be more precise, the SRF is the convolution of the slit function of the spectrometer, the line spread 

function of the optical system, and the detector response function. The SRF of the slit homogenizer is a flat-

topped multi-Gaussian function. Considering the convenience of fitting, a super-Gaussian function, which 

looks like a similar distribution to the flat-topped multi-Gaussian function, is used to fit the measured data in 

a spectral calibration. According to the results, the SRF’s shapes, due to the Earth port, resemble a Gaussian 

curve with a flatted top could be concluded, which contains an FWHM of 1.78–1.82 nm for the AAS. The results 

show that the correlation coefficients are about 0.99, which proves that the fitting function could better 

characterize the SRF of the instrument. 

Keywords: spectral calibration; spectral response function; absorbed aerosol sensors; slit 

homogenizer; slit function instrument 

 

1. Introduction 

1.1. Instrument Overview 

Air pollution has always been an interesting topic worldwide [1-3], especially in China. A haze 

covers most parts of the country, which has raised attention to a new stage since 2012. Most of the air 

pollutants are absorptive aerosols [4], mainly including dust storms, ash clouds, brown clouds, and 

haze. The primary purpose of absorbed aerosol sensors (AAS) [5,6] is to obtain the optical thickness 

of the aerosols and the absorbing aerosol index by detecting solar backscattering radiance in the 

ultraviolet and visible range. 

The spectral range of the AAS changes from 340 to 550 nm. The spectral resolution differs from 

1.7 to 2 nm. The pixel size of the CCD is 22.5 μm × 22.5 μm. The field of view (FOV) crossing the orbit 

direction is 114°. Thus, daily global coverage is thus made feasible. In the flight direction, the FOV is 

0.17°. As a result, the footprint relating to the nadir direction on Earth is about 4 km × 4 km (0.325° × 

0.17°). Except for the nadir mode, the AAS contains a Sun port for in-orbit calibration employing two 

diffusers. The diffuser enables the illumination of the spectrometer’s entrance slit whether irradiated 

by the Sun or an internal white light source. Calibration is carried out at all wavelengths and a total 

FOV of 114°. A photograph of the AAS is given in Figure 1. 
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Figure 1. Depiction of the AAS. 

AAS main specifications are summarized in Table 1. 

Table 1. GF-5B/AAS primary optical properties. 

Parameter Characteristics 
Spectral range (nm) 340–550 

Spectral resolution (nm) <2.0 nm 
FOV ±57° 

Spatial resolution 4 × 4 km (at nadir) 
SNR >1000 (10.89 μW/cm2. sr. nm) 

This paper includes four sections. Following the introduction and the instrument description in 

Section 1, the calibration equipment and procedure are introduced in Section 2,Sections 3 present the 

results of spectral calibration, which have good characterisation of the instrument. The conclusions 

are presented in Section 4. 

1.2. The Spectral Calibration 

The wavelength calibration [7,8] and confirmation of the SRF [9-11] are the components of 

spectral calibration. To establish a characteristic wavelength for each detector pixel, the objective of 

the wavelength calibration is to also yield a wavelength map λ(xij) (where xij is a detector pixel). The 

characteristic wavelength of a pixel is defined as the wavelength for which the response of the central 

peak of the instrument resides at the center of the specified pixel. 

The monochromatic image at the entrance slit of the spectrometer, located upon the detector, is 

represented by the slit function [12]. The latter describes the spectral response of each pixel for 

varying wavelengths. The SRF is modeled concerning a function y(dλ), in which y denotes a detector 

pixel and dλ represents the difference between the pixel characteristic wavelength and reference 

wavelength in nanometers (nm). The former wavelength is known as the source wavelength, for 

which the central peak of the instrument response is located at a specified pixel. Concerning all the 

wavelengths and accurate knowledge of the SRF, the FOV is crucial for the products and spectral 

calibration. 

Different from conventional slits, the AAS is employed as a slit homogenizer [13-16], which has 

an SRF that is not a conventional Gaussian curve [12,13], as shown in Figure 2. The SRF of the slit 

homogenizer is a flat-topped multi-Gaussian function. Considering the convenience of fitting, a 

super-Gaussian function, which looks like a similar distribution to the flat-topped multi-Gaussian 

function, is utilized to fit the measured data in a spectral calibration. 
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Figure 2. (a) Conventional slit and its SRF and (b) Slit homogenizer and SRF of AAS (FTMG: flat-

topped multi-Gaussian, SG: super-Gaussian). 

Figure 2 depicts that the SRFs are different when distinct slits are used. The application of the 

slit homogenizer could make the spectral direction imaging (along the orbit direction) more uniform, 

which means that different wavelengths approach the same shape and full width at half maximum 

(FWHM). To accurately acquire the slit function of different wavelengths, a dedicated slit function 

instrument (SFI) has been developed [12]. The SFI comprises an echelle grating monochromator, 

which can simultaneously produce several spectral lines at small intervals. Using a 300 W xenon arc 

lamp (Hamamatsu super quiet) as a light source, the slit function measuring instrument adopts an 

echelle grating light splitting mode. Through the secondary scattering by the spectrometer, the 

emergent light forms a multiline on the image surface. It can advantageously obtain the SRF of 

multiple spectral lines in the working band of the instrument simultaneously and is distributed 

evenly, improving the testing accuracy and reducing the operational complexity. 

In this paper, the spectral calibrations of the AAS are carried out before being launched. The 

measurements are taken over the 340–550 nm spectral range with a FOV of 114°. The calibration is 

performed in a thermal vacuum environment, while the wavelength shift and the SRF dependent on 

temperature are analyzed. 

2. Methods 

2.1. Equipment for Calibration 

The spectral calibration includes carrying out two main factors: the slit function measuring 

instrument (SFI) and the wavelength registration. The wavelength registration is performed in the 

Sun port, while the SRF is measured in the Earth port. To ensure the validity of the calibration data, 

the AAS on a rotating platform is placed in the vacuum chamber during the calibration. The vacuum 

level of the system is 6 × 10–4 Pa, and the temperature of each part of the AAS is controlled by the 

operating temperature of the satellite. 

A spectral line source prompts a limited quantity of spectral characteristics with well-known 

wavelengths and low spectral bandwidths. Thus, measurements taken using this source produce 

extremely precise information on the pixel wavelengths close to the wavelengths of the spectral lines 

that are employed. However, for detector pixels involving wavelengths in-between spectral lines, the 

characteristic wavelength of the detector pixels must be estimated by interpolation. Since spectral 

line sources generate extra spectral lines for a wavelength close to a spectral line wavelength, an 

estimation of the central position of the spectral line response may be distorted. It is imperative to 

choose the appropriate spectral line source. So, four forms of spectral line sources are employed: a 
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mercury (Hg) [17] type lamp, an argon (Ar) [18] type lamp, a krypton (Kr) [19] lamp, and a Neon (Ne) 

[20] lamp. 

To enable an accurate measure of the SRF, an optical source was designed that employs an 

echelle grating to generate an output beam that contains around 30 spectral peaks within the 

wavelength ranging in 340–550 nm, which relates to a substantial amount of diffraction orders for 

the echelle grating. Such peaks are spectrally well displaced and have a spectral width that is around 

a hundred times narrower when compared to the spectral resolution of the AAS. The absolute 

wavelength for the SFI lines is determined by the use of a wavelength calibration of the AAS. On the 

rotation of the echelle grating, the wavelengths of the lines that are produced may be stepwise shifted 

by 0.05 nm. The detector pixel’s response to an echelle peak produces the spectral slit function for the 

relevant pixel. The rotation of the echelle grating provides the shape of the spectral slit function. This 

is measured with a greater sampling and higher accuracy when compared to those determined using 

a spectral line source, for which the accuracy is limited by the pixel sampling of the detector’s spectral 

resolution. Because of the extensive FOV of the AAS, the calibration is performed on a rotating 

platform, and the results can also be calculated for the spectral smile of the AAS. The stimulus 

properties for the test are given in Table 2. 

Table 2. The properties of the experimental devices for spectral calibration. 

Sources Wavelength range (part only) 

Spectral Line Source (Hg) 365.016 nm, 404.657 nm, 435.834 nm, 546.075 nm 

Spectral Line Source (Ar) 335.853 nm, 355.43 nm, 394.901 nm, 415.86 nm, 496.508 nm 

Spectral Line Source (Kr) 377.342 nm, 450.235 nm, 473.900 nm, 476.574nm 

SFI 250nm-1100nm@0.03-0.05nm 

2.2. Calibration Setup 

Due to the spectral smile not differing with wavelength, it is necessary to calibrate all pixels of 

the AAS in FOV to obtain the wavelength map. However, the wavelength calibration measurements 

of the Sun port have a relatively low SNR; thus, the wavelength calibration is unworkable when 

offsetting for the deficiency. Therefore, a special collimating system has been designed for the spectral 

line source that improves the luminous flux. The experiment setup is shown in Figure 3. Multiple 

spectral lines of the spectral sources are detected by the AAS, as shown in Figure 4. According to the 

known spectrum, the wavelength of the other pixels can be obtained by interpolation or the least 

squares fitting method. 

 

Figure 3. A schematic diagram of the experimental setup for the AAS wavelength calibration. 
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Figure 4. A typical spectrum of CCD of the AAS. 

The SRF calibration is performed from the Earth port. To obtain the SRF in FOV, a rotatable 

turntable is required. A depiction of the SRF calibration is shown in Figure 5. The SRF is obtained by 

two different methods: while one is the AAS response to a single narrow wavelength that relates to 

a single echelle angle measurement, the other is via rotation of the echelle grating, in which the 

wavelengths of the lines that are produced can be stepwise shifted by 0.1 nm. The designed spectrum 

sampling frequency is a spectral resolution corresponding to 4 pixels of the AAS, and the pixel size 

of the CCD is 22.5 μm × 22.5 μm. Therefore, the SRF with low sampling points could be obtained 

using the first method. The rotation of the echelle grating provides the shape of the spectral slit 

function. The latter is measured by employing more sampling and higher accuracy when compared 

to utilizing a single echelle angle, where the accuracy is limited due to the pixel sampling of the 

spectral resolution via the detector. Given a field, the SRF for each pixel can be obtained by fitting 

these sampling points with a super-Gaussian, and the FWHM of the SRF represents the spectral 

resolution of the AAS. Furthermore, the spectral smile of a specific wavelength could be obtained by 

utilizing a rotating platform. 

3. Results and Discussion 

3.1. Wavelength Calibration 

Measurements employing three spectral line sources that deliver precise information on 

wavelengths, the relationship between wavelengths, and pixels can be established by cubic spline 

interpolation. The results are shown in Figure 5. The spectral range determined from wavelength 

calibration changes from 338 to 551 nm for the AAS detector, and the dispersions are 0.47 nm/pixel. 

The wavelength calibration accuracy is 0.03 nm. To better understand the optical properties of the 

AAS, the temperature dependency of the wavelength shift has been examined during the on-ground 

calibration operation. The position change of the characteristic wavelength can be obtained at three 

different temperatures, including an extremely high temperature (i.e., 24.6 ℃), an extremely low 

temperature (14.1 ℃), and a working temperature (19.9 ℃). The results are shown in Figure 6. Found 

that the maximum wavelength shift of the two extreme temperature conditions is less than 0.06 pixels, 

which could be corrected in orbit by using Fraunhofer structures within the solar spectrum. 
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Figure 5. Sun port wavelength maps for the AAS detectors via interpolation. 

 

Figure 6. Wavelength positions on CCD at different temperatures at wavelengths of (a) 546 nm and 

(b) 404 nm. 

3.2. SRF Calibration 

Optical equipment has been designed to accurately measure the SRF. The equipment employs 

an echelle grating to produce a 30 mm beam, which contains a tunable, uniform separation, and 

narrow spectral peaks in the range of 340–550 nm. Here, a slit function of 114° has been tested by the 

rotating platform with steps of 10°, while a spectrum of nadir observation could be obtained by an 

extract in the middle of the map, as shown in Figure 7. 
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Figure 7. (a) SRF map of 114 degrees for Earth port and (b) Spectrum of the center field of view. 

The SRF for AAS can be obtained by the extracted profile from Figure 7(b), and the SFI grating 

is at a fixed angle. To improve the sampling frequency, the positions of the peaks in the equipment 

traverse in a wavelength dimension by turning the echelle grating. The fixed pixel’s response to an 

echelle peak signifies the SRF of the relevant pixel. By implementing this procedure, the shape of the 

SRF is assessed with more sampling than is obtained by employing a spectral line. For the AAS, a 

super-Gaussian profile is utilized, which is the characteristic of the slit homogenizer. Eq. (1) presents 

the super-Gaussian profile. 

4
0 0(( )./ ) )

2 1 e c
y A A

λ λ− −
+ ⋅=  (1)

where A1, A2, λ0, c0 being the fitting parameters. Figure 8(a) is a plot of the SRF sampling when 

recording the spectral line response with a fixed angle, while Figure 8(b) displays the enhanced 

sampling of the SRF with many angles. A functional fit relative to the plot’s data points is provided 

within the figure. As shown in Figure 9, the ratio spectral resolution/sampling of the AAS is typically 

a value of 4. Whereas for the dedicated slit function measurements, an improved sampling of the 

spectral resolution is achieved at least ten times. The SRF’s shapes from the Earth port are similar to 

a Gaussian curve with a flatted top are concluded, with an FWHM of 1.728–1.82 nm for the AAS. The 

results show that the correlation coefficients are about 0.99, which proves that the fitting function 

could describe the SRF of the instrument. 
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Figure 8. (a) The SRF of different wavelengths with a fixed echelle grating angle of SFI and (b) The 

SRF of one pixel with many angles. 

 

Figure 9. (a) Spectral smile at 340 nm, (b) 400 nm, and (c) 550 nm. 

The SRF’s shapes dependent on temperature have been measured, as shown in Figure 10. The 

dots represent the measured data, the dotted line is a fitted curve, and distinct colors represent 

different temperatures (data1, data2, and data3 corresponding to 19.9 ℃ , 14.1 ℃ , and 24.6 ℃ , 

respectively). The center of the curve varying slightly with the temperature is shown, which is 
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consistent with Figure 6. In addition, when compared with the results at 19.9 ℃, the FWHM under 

other temperatures provides a slight broadening, with 0.06–0.1 pixels. 

 

Figure 10. The SRF depends on three different temperatures. 

3.3. Spectral Smile 

Setting the SFI at an angle, the spectrum can be scanned on the spatial array of the detector by 

using a rotating platform, and the coordinate of all the spectra in the FOV of the AAS can be obtained. 

By fitting the spectral row number, which is dependent on the spatial column number, a straight line 

can be obtained. This straight line may tilt on the image surface. To correct the image tilt, the residual 

value of the fitting straight line is used, and then the residual and spatial column is employed to fit 

the curve. By obtaining the highest and lowest points of the curve, the maximum space curvature can 

be obtained. Figure 9 shows the smile effect of differing spectra. In Figure 9, the points denote the 

measurement data and the solid line designates the fitted curve. The maximum smile is 1.4 pixels at 

wavelength 550 nm, for the 340 nm smile it is 0.27 pixels, and the minimum is 0.2 pixels for 400 nm. 

4. Conclusion 

The research described the instrument characteristics and performance, alongside the pre-

launch on-ground spectral calibration, of an AAS. The data relating to the calibration process was 

obtained by illumination of the entrance port of the AAS via a vacuum chamber with dedicated on-

ground testing equipment. For the pre-launch spectral calibration, all the spectral pixels were tested 

and determined from the tunable SFI fine-step scans. After spectral calibration, by controlling the 

different temperatures, the spectrum drift was measured. During the process of temperature change 

from 14.1 to 24.6 ℃, the center of the spectrum line has almost no change, but the FWHM varies by 

0.1 pixels. The spectral smile was measured using the SFI, with a maximum of 1.4 pixels. 
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