
Activity on the MATISSE tool 

 

The update of the MATISSE tool with new algorithms and functionalities will allow a quicker and 

powerful analysis of asteroids’ data, giving a strong contribution to the VESPA activity for 

Europlanet2020. 

The MATISSE tool is available at http://tools.asdc.asi.it/matisse.jsp. 

 

Implemented functions 

 

Currently, the following functions have been developed and are currently applicable on the 

MATISSE tool. 

 

- Akimov 

This function takes reflectance at a defined wavelength in input, as well as incidence, emission and 

phase angles, expressed in degrees. It gives in output the equigonal albedo (i.e. the reflectance 

corrected for topography effects, i.e. incidence and emission angle influence), obtained by applying 

the Akimov disk function (Shkuratov et al., 1999), i.e.: 
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latitude, and all the angles are expressed in radians. 

The input variables can be arrays or matrices and must have the same dimensions. The output will 

have the same dimension of input variables. 

This function can work for any asteroid and any spectrometer.  

An example of equigonal albedo image obtained by applying the Akimov function is shown in 

Figure 1. 

 

 

http://tools.asdc.asi.it/matisse.jsp


Figure 1. Equigonal albedo distribution at 1.2 m, corresponding to a Dawn/VIR observation of 

Vesta, obtained by implementing the Akimov function of the MATISSE tool. The image is 

projected on the Vesta shape model 

 

 

- Conversion 

This function converts a hyperspectral radiance image in a hyperspectral reflectance (specifically, 

radiance factor I/F) image. It takes in input a radiance cube (expressed in the format “bands, 

samples, lines”), a wavelength array (which must have the same size of the dimension “band” of the 

radiance cube) and the name of the file corresponding to the observation (expressed as string), 

giving the reflectance cube (in the format “bands, samples, lines”) as output.  

The relation used for conversion is shown in Filacchione and Ammannito (2014). The considered 

solar spectrum irradiance is obtained from the convolution of the Cebola+Kurucz spectrum with 

VIR spectrum resolution. The Cebula+Kurucz solar spectrum was obtained from the Renewable 

Resource Data Center of the National Renewable Energy Laboratory, and is an Air Mass Zero 

(AM0) spectrum derived from the combination of solar spectrum data from Kurucz et al. (1984) and 

Cebula et al. (1996). The resampled spectra are available at goo.gl/yMu58X (for visible channel) 

and at goo.gl/bdlhp0 (for infrared channel). 

In order to work correctly, the log file corresponding to the considered observation must label the 

spacecraft solar distance as “SPACECRAFT_SOLAR_DISTANCE”, which is the used norm for 

Dawn/VIR, Rosetta/VIRTIS, VeX/VIRTIS observations.  

Therefore this function should be applied to VIR and VIRTIS imaging spectrometer data. 

The function needs two IDL/GDL auxiliary routines, i.e. rd_tfile.pro and str2arr.pro. 

An example of a reflectance image, obtained by applying the Conversion function on a radiance 

image is shown in Figure 2. 

 

 



Figure 2. Reflectance distribution at 1.2 m, corresponding to a reflectance image, obtained by 

applying the Conversion function of the MATISSE tool on a Dawn/VIR radiance image of Vesta. 

The image is projected on the Vesta shape model 

 

 

- Vesta_nir_alb_ret 

This function applies photometric correction on reflectance, by using the relations obtained by 

Longobardo et al. (2014). Input variables are reflectance, and incidence, emission and phase angles 

(expressed in degrees). The correction is optimized for Vesta at wavelengths between 1 and 1.8 m. 

The input reflectance can be expressed as: a) a single spectrum; b) a matrix (e.g. reflectance at a 

defined wavelength on a bi-dimensional spatial image); c) a hyperspectral image (in the format 

“bands, samples, lines”. Whatever the format of the reflectance variable, the incidence, emission 

and phase angles must have the same size and dimensions of the reflectance variable.  

The function will give in output three photometrically-corrected reflectance values for each 

reflectance value given in input, i.e.:  

a) geometric albedo, obtained by applying the “low resolution” photometric correction, 

optimized for Approach and Survey phases of the Dawn mission, i.e.: 

𝑅/𝐷 = 𝐴𝑁 + (𝑏1 + 𝑏2𝐴𝑁)𝜑 + 𝑐𝜑2 + 𝑑𝜑3 

where R is the reflectance, D the Akimov disk function, 𝐴𝑁 the geometric albedo, 𝜑 the 

phase angle (in degrees) and 𝑏1, 𝑏2, 𝑐 and 𝑑 are coefficients calculated by Longobardo et al. 

(2014). 

b) reflectance at 30° phase obtained by applying the “low resolution” photometric correction, 

optimized for Approach and Survey phases of the Dawn mission;  

c) reflectance at 30° phase, obtained by applying the “high resolution” photometric correction, 

optimized for HAMO and LAMO phases of the Dawn mission, i.e.: 

 

 

0.92𝑅/𝐷 = 𝐴30 + (𝑏1𝐻𝑅 + 𝑏2𝐻𝑅𝐴30)𝜗 + (𝑐1 + 𝑐2𝐴30)𝜗
2 + (𝑑1 + 𝑑2𝐴30)𝜗

3    

where R is the reflectance, D the Akimov disk function, A30 the 30° reflectance that would 

be observed at a phase angle of 30° (hereafter 30° albedo), 𝜗 = 𝜑 − 30° (being 𝜑 the phase 

angle in degrees) and 𝑏1𝐻𝑅, 𝑏2𝐻𝑅, 𝑐1, 𝑐2, 𝑑1 and  𝑑2 are coefficients calculated by 

Longobardo et al. (2014). 

NOTE: The input variable should be radiance factor and not equigonal albedo, since retrieval of 

equigonal albedo is already included in the function. 

 

- Vesta_vis_alb_ret 

This function applies photometric correction on reflectance, by using the relations obtained by 

Longobardo et al. (2014). Input variables are reflectance, and incidence, emission and phase angles 

(expressed in degrees). The correction is optimized for Vesta at wavelengths between 0.4 and 0.8 

m. the input reflectance can be expressed as: a) a single spectrum; b) a matrix (e.g. reflectance at a 

defined wavelength on a bi-dimensional spatial image); c) a hyperspectral image (in the format 

“bands, samples, lines”. Whatever the format of the reflectance variable, the incidence, emission 

and phase angles must have the same size and dimensions of the reflectance variable. The function 

will give in output three photometrically-corrected reflectance values for each reflectance value 

given in input, i.e.:  

a) geometric albedo, obtained by applying the “low resolution” photometric correction, 

optimized for Approach and Survey phases of the Dawn mission, i.e.: 



𝑅/𝐷 = 𝐴𝑁 + (𝑏1 + 𝑏2𝐴𝑁)𝜑 + 𝑐𝜑2 + 𝑑𝜑3 

where R is the reflectance, D the Akimov disk function, 𝐴𝑁 the geometric albedo, 𝜑 the 

phase angle (in degrees) and 𝑏1, 𝑏2, 𝑐 and 𝑑 are coefficients calculated by Longobardo et al. 

(2014). 

b) reflectance at 30° phase obtained by applying the “low resolution” photometric correction, 

optimized for Approach and Survey phases of the Dawn mission;  

c) reflectance at 30° phase, obtained by applying the “high resolution” photometric correction, 

optimized for HAMO and LAMO phases of the Dawn mission, i.e.:  

0.92𝑅/𝐷 = 𝐴30 + (𝑏1𝐻𝑅 + 𝑏2𝐻𝑅𝐴30)𝜗 + (𝑐1 + 𝑐2𝐴30)𝜗
2 + (𝑑1 + 𝑑2𝐴30)𝜗

3 

where R is the reflectance, D the Akimov disk function, A30 the 30° reflectance that would 

be observed at a phase angle of 30° (hereafter 30° albedo), 𝜗 = 𝜑 − 30° (being 𝜑 the phase 

angle in degrees) and 𝑏1𝐻𝑅, 𝑏2𝐻𝑅, 𝑐1, 𝑐2, 𝑑1 and  𝑑2 are coefficients calculated by 

Longobardo et al. (2014). 

NOTE: The input variable should be radiance factor and not equigonal albedo, since retrieval of 

equigonal albedo is already included in the function. 

 

 

Developed algorithms 

 

Currently, the following functions have been developed and are going to be implemented on the 

MATISSE tool. 

 

- Hed_center1 

This function takes in input the band center of the HED 1 m band (due to pyroxene absorption) 

and the temperature relative to the observation (expressed in Kelvin degrees), and removes the 

thermal effects on the band center, by giving the band center at a temperature of 300 K. The input 

variables can be arrays or matrices and must have the same dimensions. The output will have the 

same dimension of input variables. The considered relation has been obtained by Reddy et al. 

(2012) for laboratory samples, and by Longobardo et al. (2014) for Vesta observations. It works 

well for HED, but may be not appropriate for pure pyroxenes (Longobardo et al. 2014). 

This function can be applied even for Vesta image/spectra, Vestoid and laboratory spectra. 

 

- Hed_center2 

This function takes in input the band center of the HED 2 m band (due to pyroxene absorption) 

and the temperature relative to the observation (expressed in Kelvin degrees), and removes the 

thermal effects on the band center, by giving the band center at a temperature of 300 K. The input 

variables can be arrays or matrices and must have the same dimensions. The output will have the 

same dimension of input variables. The considered relation has been obtained by Reddy et al. 

(2012) for laboratory samples, and by Longobardo et al. (2014) for Vesta observations. It works 

well for HED, but may be not appropriate for pure pyroxenes (Longobardo et al. 2014). 

This function can be applied even for Vesta image/spectra, Vestoid and laboratory spectra. 

 

- Lambert 

This function takes reflectance at a defined wavelength in input, as well as incidence angle, 

expressed in degrees. It gives in output the equigonal albedo (i.e. the reflectance corrected for 

topography effects, i.e. incidence and emission angle influence), obtained by applying the Lambert 



disk function. The input variables can be arrays or matrices and must have the same dimensions. 

The output will have the same dimension of input variables. 

This function can work for any asteroid and any spectrometer.  

 

- Lomsel 

This function takes reflectance at a defined wavelength in input, as well as incidence and emission 

angles, expressed in degrees. It gives in output the equigonal albedo (i.e. the reflectance corrected 

for topography effects, i.e. incidence and emission angle influence), obtained by applying the 

Lommell-Seeliger disk function. The input variables can be arrays or matrices and must have the 

same dimensions. The output will have the same dimension of input variables. 

This function can work for any asteroid and any spectrometer.  

 

- Pyro_corr_band1 

This function applies the photometric correction on the 1 m pyroxene band depth, by means of the 

relation obtained for Vesta (Longobardo et al., 2014). The input variables are the 1 m band depth, 

the geometric albedo at 1.2 m (obtained from the function Vesta_nir_alb_ret, see), the reflectance 

at 30° phase at 1.2 m (obtained from the function Vesta_nir_alb_ret, see) and phase angle 

(expressed in degrees). All the input variables must have the same dimensions and can be arrays or 

matrixes. The output is a variable, containing three corrected band depths, obtained by applying 

three different corrections, for each spectrum in input, i.e.:  

a) correction at 0° phase, obtained by applying the “low resolution” photometric correction, 

optimized for Approach and Survey phases of the Dawn mission, i.e.: 

𝐵𝐷𝑜𝑏𝑠 = 𝐵𝐷0 + 𝑠1𝜑     for 7°< < 25° 

𝐵𝐷𝑜𝑏𝑠 = 𝐵𝐷0 + 𝑠2𝜑     for 30°< < 60° 

No relation                            for 60°< < 90° 

where 𝐵𝐷0 is the band depth at 0° phase, 𝐵𝐷𝑜𝑏𝑠 is the observed band depth, 𝜑 is the 

phase angle (in degrees) and 𝑠1 and 𝑠2 are functions depending on geometric albedo 

obtained by Longobardo et al. (2014). 

b) correction at 30° phase, obtained by applying the “low resolution” photometric 

correction, optimized for Approach and Survey phases of the Dawn mission);  

c) correction at 30° phase, obtained by applying the “high resolution” photometric 

correction, optimized for HAMO and LAMO phases of the Dawn mission, i.e.:  

𝐵𝐷𝑜𝑏𝑠 = 𝐵𝐷30 + 𝑠2𝐻𝑅𝜗    for 30°< < 60° 

No relation                            for 60°< < 90° 

where 𝐵𝐷30 is the band depth at 30° phase, 𝐵𝐷𝑜𝑏𝑠 is the observed band depth, 𝜗 = 𝜑 − 30° 
(being 𝜑 the phase angle in degrees) and 𝑠𝐻𝑅 are functions depending on geometric albedo 

obtained by Longobardo et al. (2014). 

 

- Pyro_corr_band2 

This function applies the photometric correction on the 2 m pyroxene band depth, by means of the 

relation obtained for Vesta (Longobardo et al., 2014). The input variable are the 1 m band depth, 

the geometric albedo at 1.2 m (obtained from the function Vesta_nir_alb_ret, see), the reflectance 

at 30° phase at 1.2 m (obtained from the function Vesta_nir_alb_ret, see) and phase angles 

(expressed in degrees). All the input variables must have the same dimensions and can be arrays or 

matrixes. The output is a variable, containing three corrected band depths, obtained by applying 

three different corrections, for each spectrum in input, i.e.:  



a) correction at 0° phase, obtained by applying the “low resolution” photometric correction, 

optimized for Approach and Survey phases of the Dawn mission, i.e.: 

𝐵𝐷𝑜𝑏𝑠 = 𝐵𝐷0 + 𝑠1𝜑     for 7°< < 25° 

𝐵𝐷𝑜𝑏𝑠 = 𝐵𝐷0 + 𝑠2𝜑     for 30°< < 60° 

No relation                            for 60°< < 90° 

where 𝐵𝐷0 is the band depth at 0° phase, 𝐵𝐷𝑜𝑏𝑠 is the observed band depth, 𝜑 is the 

phase angle (in degrees) and 𝑠1 and 𝑠2 are functions depending on geometric albedo 

obtained by Longobardo et al. (2014). 

b) correction at 30° phase, obtained by applying the “low resolution” photometric 

correction, optimized for Approach and Survey phases of the Dawn mission);  

c) correction at 30° phase, obtained by applying the “high resolution” photometric 

correction, optimized for HAMO and LAMO phases of the Dawn mission, i.e.:  

𝐵𝐷𝑜𝑏𝑠 = 𝐵𝐷30 + 𝑠2𝐻𝑅𝜗    for 30°< < 60° 

No relation                            for 60°< < 90° 

where 𝐵𝐷30 is the band depth at 30° phase, 𝐵𝐷𝑜𝑏𝑠 is the observed band depth, 𝜗 = 𝜑 − 30° (being 

𝜑 the phase angle in degrees) and 𝑠𝐻𝑅 are functions depending on geometric albedo obtained by 

Longobardo et al. (2014). 

 

- Pyroxene_band_1_um 

This function calculates the descriptors of the pyroxene 1 m absorption band. The input variables 

are a wavelength array and a reflectance spectrum or reflectance hyperspectral image (in format 

“bands, samples, lines”). The output will consist in 12 parameters for each input spectrum (i.e. an 

array of 12 elements if the input is a single spectrum or a variable of “12, samples, lines” elements 

if the input is a hyperspectral image of “bands, samples, lines” elements), describing the absorption 

band: 1) band minimum; 2) band center; 3) band depth; 4) band area; 5) band slope; 6) band 

FWHM; 7) band HWHM; 8) reflectance at left shoulder wavelength; 9) reflectance at band 

minimum; 10) reflectance at right shoulder wavelength; 11) left shoulder wavelength; 12) right 

shoulder wavelength. Parameters are calculated by using the methodology of Longobardo et al. 

(2014), i.e.: 

- Left shoulder is fitted by a 4
th

 order polynomial between 0.55 and 0.80 m. Left shoulder 

wavelength corresponds to the maximum fitted reflectance in this interval; 

- Trough is fitted by a 4
th

 order polynomial between 0.80 and 1.10 m. Band minimum is the 

wavelength corresponding to the minimum fitted reflectance in this interval; 

- Right shoulder is fitted by a 4
th

 order polynomial between 1.10 and 1.69 m; 

- Continuum is a straight line, starting from left shoulder wavelength and tangent to right 

shoulder. The tangent point identified right shoulder wavelength; 

- Band center is the band minimum after the continuum removal; 

- Band depth is 1 − 𝑅𝑐 𝑅𝑐𝑜𝑛⁄ , where 𝑅𝑐 and 𝑅𝑐𝑜𝑛 are the measured reflectance and the 

calculated continuum reflectance at the band center; 

- Band area is the sum of the differences between continuum and fitted band and each 

wavelength contained in the band; 

- Band slope is the ratio between the differences of shoulders’ reflectances and shoulder’s 

wavelengths, respectively; 

- FWHM is calculated on the band after continuum removal and is the difference between the 

two wavelengths having a reflectance value differing from the continuum of half band 

depth; 



- HWHM is calculated on the band after continuum removal and is the difference between the 

band center wavelength and the wavelength, shortward of band center, having a reflectance 

value differing from the continuum of half band depth. 

The function can be applied to any spectrum, including at least two bands in each wavelength 

interval considered for band shoulders retrieval. 

 

- Pyroxene_band_2_um 

This function calculates the descriptors of the pyroxene 2 m absorption band. The input variables 

are a wavelength array and a reflectance spectrum or reflectance hyperspectral image (in format 

“bands, samples, lines”). The output will consist in 12 parameters for each input spectrum (i.e. an 

array of 12 elements if the input is a single spectrum or a variable of “12, samples, lines” elements 

if the input is a hyperspectral image of “bands, samples, lines” elements), describing the absorption 

band: 1) band minimum; 2) band center; 3) band depth; 4) band area; 5) band slope; 6) band 

FWHM; 7) band HWHM; 8) reflectance at left shoulder wavelength; 9) reflectance at band 

minimum; 10) reflectance at right shoulder wavelength; 11) left shoulder wavelength; 12) right 

shoulder wavelength. Parameters are calculated by using the methodology of Longobardo et al. 

(2014), i.e.: 

- Left shoulder is fitted by a 4
th

 order polynomial between 1.10 and 1.69 m. Left shoulder 

wavelength corresponds to the maximum fitted reflectance in this interval; 

- Trough is fitted by a 3
th

 order polynomial between 1.69 and 2.07 m. Band minimum is the 

wavelength corresponding to the minimum fitted reflectance in this interval; 

- Right shoulder is fitted by a 3
th

 order polynomial between 2.07 and 2.40 m. Right shoulder 

correspond to the fitted reflectance at 2.40 m; 

- Continuum is a straight line, between left and right shoulder wavelengths; 

- Band center is the band minimum after the continuum removal; 

- Band depth is 1 − 𝑅𝑐 𝑅𝑐𝑜𝑛⁄ , where 𝑅𝑐 and 𝑅𝑐𝑜𝑛 are the measured reflectance and the 

calculated continuum reflectance at the band center; 

- Band area is the sum of the differences between continuum and fitted band and each 

wavelength contained in the band; 

- Band slope is the ratio between the differences of shoulders’ reflectances and shoulder’s 

wavelengths, respectively; 

- FWHM is calculated on the band after continuum removal and is the difference between the 

two wavelengths having a reflectance value differing from the continuum of half band 

depth; 

- HWHM is calculated on the band after continuum removal and is the difference between the 

band center wavelength and the wavelength, shortward of band center, having a reflectance 

value differing from the continuum of half band depth. 

 

- Ref_extract 

This function extracts the reflectance at a wavelength defined by the user from a reflectance 

spectrum or hyperspectral image. The input variables are a wavelength array, a reflectance spectrum 

or hyperspectral image (in format “bands, samples, lines”) and the wavelengths where reflectance 

should be extracted. According to the Longobardo et al. (2014) procedure, the reflectance is 

calculated by averaging in a wavelength interval 8 nm (for the visible) and 38 nm (for the infrared) 

wide and centered at the wavelength defined by user, in order to maximize the signal-to-noise ratio. 

This function can work for any asteroid and any spectrometer.  

 



 

Future activities 

 

The following algorithms are going to be developed: 

- Spectra despiking 

- Bridging visible and infrared spectra for VIR/VIRTIS data 

- Retrieval of descriptors of other absorption bands (e.g., water ice at 1.5 m and 2 m; 

phyllosilicates at 2.7 m, organics at 3.2 m, ammoniated at 3.05 m, carbonates at 3.4 m 

and 3.9 m) 

- Retrieval of spectral slopes 

- Retrieval of spectral indices for olivine retrieval 

- Retrieval of wollanstonite, ferrosilite and enstatite content 

- Retrieval of dark and bright areas 
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