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Abstract 
 
The Hapke model [1] has been widely used to 
describe the photometric response of a surface 
(reflectance as a function of incidence and emergence 
direction). The angular sampling required to 
constrain the photometric parameters has been 
widely discussed, but often without strong 
mathematical basement. A recent study proposed to 
estimate the uncertainties using a Bayesian approach 
[2]. We introduce here the concept of “efficiency” of 
a set of geometries to sample the photometric 
behavior in the Bayesian framework. A set of angular 
sampling elements (noted a geometry) is efficient if 
the retrieved Hapke parameters are close to the 
expected ones. With numerical simulations, we 
compared different geometries and found that the 
principal plane with high incidence is the most 
efficient geometry among the tested ones. In 
particular, such geometries are better than poorly 
sampled full BRDF (Bi-directional Reflectance 
Distribution Function). 
 
1.  Introduction 
 
The Bi-directional Reflectance Distribution Function 
(BRDF) is the core quantity to describe the 
photometric behavior [1]. It represents the same 
location pixel (for picture element), observed with 
various angular elements (angel, for angular element) 
[3]. Hapke proposed a semi-analytical model of the 
BRDF of a granular medium [1]. Many authors have 
been using it to analyze laboratory data [4, 5], 
telescopic observations [6], in situ data [7], remote 
sensing data [8], due to its relative simplicity and fast 
computation. Following our previous study [2], we 
do not discuss the realism of the photometric Hapke 
model, but focus on the data analysis point of view in 
order to determine the efficiency of a set of 
geometries to retrieve the Hapke parameters. We will 
consider here only single scattering albedo (ω), 
macroscopic roughness (θ), 2-parameter Henyey-
Greenstein phase function (b, c). The opposition 
effects parameters (B0 and H) are out of the scope of 

this study since their dependence to small phase 
angle is obvious. 
 
 
2.  Method 
 
 In [2], a Monte-Carlo Markov Chain algorithm is 
proposed, which generates Nsamp samples of the 
parameters of interest. Such samples are 
(asymptotically) distributed according to the 
posterior probability density function, which merges 
the likelihood of observed data and possible prior 
information on the parameter distribution.  
In our experiments, we first fix the geometries 
(incidence and emergence directions). Then, we 
generate a synthetic observation set with the Hapke 
model using 12 different combinations (see Table 1). 
Then, we perform the Bayesian inversion [2] and 
track how close are the solutions in comparison to the 
known parameters. 
 

  
Table 1: Photometric configurations of the Hapke 
parameters used in the estimation of the efficiency 

distance E. All 12 combinations of those 4 
parameters are tested. 

 
The efficiency distance E is simply computed by 
considering the proportion of samples that fall inside 
the correct interval among the Nsamp samples that 
were drawn [9]. We then consider that a solution is 
good if it lies within a 1% error margin (1% smaller 
and 1% greater than the true value). For each of the 4 
parameters, we compute the proportion I and the 
corresponding distance D=-log(I). The efficiency 
distance is the sum of all 4 distances for all 4 
photometric parameters. Figure 1 shows the 
relationship between the efficiency distance E and 
the fraction of good retrieval. 
 
In order to have statistically significant results, we 
computed the analysis 10 times with random 
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initialization. Each inversion has been computed with 
Nsamp=100,000 samples. 
 
 
 
 

 
Figure 1: Fraction of the retrieval inside the 1% 

margin as a function of the efficiency distance E. 
 

 
3.  Results 
 
Table 2 shows the results for several angular 
configuration. It seems that the 23 geometries 
proposed by [10] performed as well as a random 
configuration. Obviously, the worst configuration is 
the configuration that is perpendicular to the 
principal plane. Interestingly, the principal plane 
performs better than the full BRDF. 
 

Table 2: Efficiency distance E for different angular 
configuration. 23 geometries proposed by [10], 23 

geometries taken randomly, 23 geometries 
perpendicular to the principal plane, 23 geometries in 
the principal plane (with 75° incidence and up to 82° 

emergence), 64 BRDF with 40° and 60° incidence 
and 10-70° emergence. 

Geometry Global efficiency E 

23souchon 11.37 
23random 10.91 
23worst 14.21 
23pplane 8.79 
64brdf 9.26 

 
Figure 2 presents the effect of decimation (removal 
of intermediate geometries) from the best 23 
principal plane configuration. The global efficiency 
distance E increases as the number of observation 
directions decreases and E rises significantly more 
for less than 5 angular configurations. 
 

 
 

Figure 2: Efficiency distance E as a function of the 
number of geometry in the principal plane for 12 
photometric behavior and the global E. The 23 

geometries are decimated but extreme emergence (0° 
and 82°) are always kept 

 
4.  Conclusions 
 

We introduced an index to measure the efficiency of 
a set of geometries (a collection of directions) to 
retrieve the proper Hapke parameters. Using the 
principal plane with high incidence angle seems the 
best solution with a limited number of directions. In 
particular, such geometries are better than poorly 
sampled full BRDF, even with a larger number of 
directions, due to the too large phase range. We also 
noticed that 5 directions is the minimum number of 
angular configurations in the best situation (principal 
plane) in order to expect well constrained 
photometric parameters [9]. 
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Abstract 

The results of imaging photometric, polarimetric, and 

long-slit spectroscopic observations of comet C/2014 

A4 (SONEAR) in 2015 are presented. Possible 

explanation of the unusual polarimetric properties of 

the dust in this comet is provided. 

1. Introduction 

Cometary dust preserves the materials left from the 

early stages of the solar system formation. For those 

comets that reach close distances to the Sun, the dust 

does not represent the pristine materials due to 

sublimation of its volatiles and other changes caused 

by the solar radiation. However, there are some 

comets whose orbits keep them far away from the 

Sun. Some of them exhibit considerable activity at 

heliocentric distances much larger than 4 au and, thus, 

allow us to study the dust not notably modified by 

solar radiation. Since 2011, we are conducting a 

comprehensive program of polarimetric, photometric, 

and spectral investigations of active distant comets 

with the 6-m telescope BTA (SAO RAS).  

 

Figure 1: Intensity images of comet A4. The left 

panel (a) shows the direct images of the comet; the 

right panel (b) represents processed intensity images 

emphasizing structure of the coma.  

In this work we study one of the distant comet 

C/2014 A4 (SONEAR), with perihelion distance q= 

4.18 AU. 

2. Observations 

The observations of C/2014 A4 (SONEAR) 

(hereafter A4) were made with the 6-m telescope 

BTA SAO RAS on November 5, 2015, when 

heliocentric (r) and geocentric () distances of the 

comet were 4.21 and 3.28 au, and phase angle () 

was 3.8 degree, in both cases. Imaging polarimetric, 

photometric, and long-slit spectroscopic observations 

of comet A4 were performed. The observations were 

taken with a multimode focal reducer SCORPIO-2 of 

the SAO RAS. A 1024×1024 CCD with a full field of 

view of 6.1'×6.1' and a pixel scale of 0.18 arcsec/px 

was used as a detector. Observations were acquired 

using the broad-band filters.  

3. Results 

The analysis of spectra and the spatial distribution of 

intensity, color, and linear polarization over the coma 

revealed the following features. 

3.1 Spectroscopy 

No emission lines could be detected. Haser model [1] 

was used to derive the upper limits to the production 

rates. We determined upper limits to the emission 

fluxes of the main neutrals of comets and ion CO
+
 

and upper limits to the production rates of the 

molecules CN, C3, C2. We also used a polynomial fit 

to derive the reddening of the spectrum. The 

polynomial shows linear dependence on wavelengths 

21.6 ± 0.2%/1000 Å within the 4650 ÷ 6200 Å 

wavelength region. 
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3.2 Image and polarization 
 

The comet showed significant activity with some 

features in cometary coma and long dust tail at large 

heliocentric distances. To reveal the low-contrast 

structures in the cometary coma, we applied the 

available image enhancement techniques: division by 

azimuthal average, azimuthal renormalization [2], 

and rotational gradient method [3]. After processing 

the image, we revealed bright outflows in the 

cometary coma. Obtained structures correspond to 

the dust released from the nucleus, which then moved 

within the coma as the comet proceeded along its 

orbit. The dust production was estimated as 

Afρ=361±1 cm in the r-sdss filter. The polarization 

images of the comet were taken in the r-sdss 

(6200/600 Å) filter. Polarization map, obtained at 

the heliocentric distance r = 4.2 au, shows spatial 

variations of polarization over the coma from about –

2% near the nucleus to –5%.. Thus, the negative 

polarization is significantly greater than the typical 

polarization (~ 1.5%) observed for the dust of the 

comets close to the Sun. Based on the computer 

modeling of the dust as a polydisperse ensemble of 

multishaped rough spheroids [6], were provided the 

explanation of the unusual polarimetric properties of 

the dust in this comet. 

 

4. Summary and Conclusions 

The main aim of our observations of distant comets is 

to study properties of their dust. Most probably dust 

in distant comets is different than dust in short-period 

comets, the study of polarization of distant comets is 

very important for investigation of their physical 

properties. Photometric and polarimetric observations 

of distant active comets with specific features (such 

as long tails, jet structures, and asymmetric comae) 

are of particular interest. Our photometric and 

polarimetric observations of dynamically new comet 

C/ 2014 A4 (SONEAR) showed a considerable level 

of activity (extended dust coma and tail) at 

heliocentric distances of 4 au. Since molecular 

emissions were not detected in the spectra of this 

comet, it allowed us to study reflective dust 

properties without gas emission effect. It is known 

that the shape of the cometary coma as well as the 

distribution of the coma brightness tells us about the 

cometary activity, but detailed mechanisms of the 

activity of comets at large heliocentric distances are 

not well understood. Polarization map of comet A4 

show spatial variations of the polarization. The 

obtained values of the degree of polarization are 

significantly higher in absolute values (of 

polarization over the coma from about –2% near the 

nucleus to –5%) than the typical value of polarization 

(∼1.5%) observed for the whole coma of most 

comets closet to the Sun. Our modelling shows that 

the specifics of the dust in the distant comet A4 is 

presence of significant amount of ice and organics 

which likely sublimate at the smaller heliocentric 

distances. 
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the Romanian Academy, 5 Cuţitul de Argint, 040557 Bucharest, Romania; 

 

Abstract 

We present the updated version of the MOVIS-C 

catalog based on VISTA-VHS DR5 release. The 

near-infrared colors - (Y-J), (H-Ks), (J-Ks) are 

provided for 53 447 Solar System objects, thus being 

the largest set of spectro-photometric data in the 

near-infrared region. Taxonomic classification based 

on a probablistic approach and machine-learning 

methods is provided for 9,097 asteroids included in 

this catalog. 

1. Introduction 

Spectro-photometric data in the near-infrared region 

provide the means to characterize the surface 

composition of Solar System objects. A large set of 

asteroid colors [1] in this wavelength region was 

obtained based on the VISTA-VHS (VISTA 

Hemisphere Survey) data. This survey used the Y, J, 

H, and Ks broad band filters which are centered at 

1.021, 1.254, 1.646, and 2.149 microns and a 1.65 

deg. field of view mosaic camera [2].  It imaged the 

entire southern sky hemisphere, about ~19000 square 

degrees. The observations were performed between 

November 4, 2009 and October 1, 2017. The last 

public data release, VHSDR5 (VHSv20161007), 

contains 141132 logs of stack-frames. 

The taxonomic classification of asteroids imaged by 

these large surveys provides the opportunity to obtain 

large scale distribution for asteroidal population, to 

study the faint objects and to select targets for 

detailed spectral investigations. 

We provide a description of the updated version of 

the MOVIS-C catalog. This includes the taxonomic 

classification. The color-color plots of the asteroids 

observed by this survey are compared with the 

equivalent colors of the meteorites spectra. 

2. Methods 

In order to recover the small bodies of the Solar 

System imaged by VISTA-VHS survey a dedicated 

pipeline was built [1]. This pipeline applied to 

VHSDR5 provides information for 53,447 Solar 

System objects, including 57 NEAs (near-Earth 

asteroids), 431 Mars Crossers, 612 Hungaria 

asteroids, 51,382 main-belt asteroids, 218 Cybele 

asteroids, 267 Hilda asteroids, 434 Trojans, and 29 

Kuiper Belt objects [3]. Over this sample, there are 

about 9,097 asteroids having both (Y-J) and (J-Ks) 

colors measured and magnitude errors bellow (Y-J)err 

< 0.136 and (J-Ks)err < 0.136. These limits 

correspond to the second quartile of the errors.  

 

Figure 1: The (Y-J) versus (J-Ks) plot of asteroids 

reported in the updated version of MOVIS-C 

catalogue. The Q2 data corresponds to objects with 

(Y-J)err < 0.136 and (J-Ks)err < 0.136, and the Q1 data 

to (Y-J)err < 0.059 and (J-Ks)err < 0.073. A diagram 

corresponding to main taxonomic groups is shown. 

A reliable taxonomic classification can be obtained 

for this sample. This was performed by applying a 

probabilistic approach and k-nearest neighbor’s 
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algorithm. The asteroids spectrally classified by [4] 

were considered as a reference set. Because the 

information contained by colors provide less 

constraints than spectral data, the 24 classes were 

clustered in several groups: Bk
ni

, C
ni

,  Cgx
ni

, Xt
ni

, Ds
ni

, 

Kl
ni

, Ad
ni

, S
ni

, and V
ni

. The subscript denotes the 

interference with other groups. 

For asteroid - meteorites comparison, we computed 

the synthetic colors of meteorites spectral data 

available in the RELAB database [5]. 

3. Results 

The Solar System Objects found in VISTA-VHS 

DR5 release are reported in the updated version of 

the MOVIS-C catalogue. This contains both the NIR 

colors and the taxonomic classification for objects 

with (Y-J) and (J-Ks) observed colors [3]. The 

catalogs are available in electronic form at CDS. 

The objects having the errors within the second 

quartile limits provide a reliable classification for 

statistical studies.  The classification includes 143 

bodies classified as Bk
ni

, 612 as C
ni

, 199 as Cgx
ni

, 96 

as Xt
ni

, 434 as Ds
ni

, 531 as Kl
ni

, 246 as Ad
ni

, 3303 as 

S
ni

, and 807 as V
ni

. This classification has a ~70% 

matching with the one provided by Sloan Digital Sky 

Survey [6].  

 

Figure 2: The colors computed from meteorite 

spectra available in RELAB database. A diagram 

corresponding to main taxonomic groups derived for 

asteroid population is overlapped with black color. 

The color-color plots of asteroids reported in 

MOVIS-C catalogue show a broader distribution 

those computed from meteorite spectra available in 

the RELAB database. This finding outlines a wider 

compositional diversity of asteroids not sampled by 

our current meteorite records. 

This large set of data also allows studying the 

compositional diversity of asteroid families based on 

their NIR colors [7] and the distribution of basaltic 

material across the Main Belt [8].  

The NIR colors are efficient for identifying end-

member classes such as V-types and A-types. By 

adding the albedo constraint we found that our V-

type and A-type candidates have identical size-

frequency distributions but a ratio of one to five in 

favor of V-types. This result adds additional 

constraints for the hypothesis of "missing mantle 

problem". 
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Abstract 

In the context of ESA’s future mission JUICE, this 

work is the start of a broad investigation on the 

reflectance models of Jupiter’s icy moons. It focuses 

on Europa and Hapke photometric model using 

images from the LORRI instrument on New 

Horizons. The parameters are estimated using a 

Bayesian approach that has been developed for 

similar work on Mars. We show that it is possible to 

constrain Hapke parameters on restricted areas of 

Europa and that they can be fairly different 

depending on the regions of interest. However, this 

study shows limitations that we hope to overcome by 

including more data from other missions such as 

Voyager. 

Introduction 

The JUICE (JUpiter ICy moons Explorer) mission 

from the European Space Agency (ESA) is scheduled 

to launch in 2022 and arrive at the Jovian system in 

2030 to study Jupiter and its icy moons for three and 

a half years. The spacecraft is being designed by 

Airbus Defence & Space in Toulouse, France, with a 

new and innovative navigation system. Any mission 

to the outer Solar System is challenging considering 

local radiative and thermal conditions as well as the 

distance to the Earth. The vision-based navigation 

algorithm implemented on JUICE will make the 

spacecraft more autonomous and more precise in its 

pointing by extracting navigation data from on-board 

image processing [1]. To offer the best of that 

algorithm, the spacecraft needs to have a proper 

knowledge of the photometric models of the moons 

that will be observed. 

Significant work has been done using the Voyager 

and telescopic observations [2, 3, 4]. But none of 

these models give satisfying results when simulating 

images and comparing them to reality. This work 

aims at studying local photometric properties with 

the Hapke model [5]. 

1. Data set 

We are using images taken by the LOng Range 

Reconnaissance Imager (LORRI) on the New 

Horizons spacecraft. Using [6] we adapted the 

calibration process to Europa, extracted the measured 

radiance and converted it to reflectance in REFF 

units. 

 

2. Method 

2.1 Correction of meta-data 

Before anything else, it is essential to correct the 

images metadata. We have corrected for spacecraft 

pointing errors as well as moon attitude inaccuracies. 

To do so, we simulated images using the image 

renderer developed by Airbus DS, SurRender [7]. 

Among other things, it allows for custom reflectance 

model input which is very useful for our study. We 

used meta-data downloaded on the NASA PDS [8] 

for the simulations and we compared them to the real 

images. We then computed the corrections in 

pointing to make them match using an optimization-

based registration function. The attitude of the moon 

was ultimately refined by computing the optical flow 

between simulated and real images. The registered 

movement (fig. 1) was converted to rotation. 

 

Figure 1: Example of optical flow on image 
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With accurate meta-data, each pixel was projected 

onto the moon so the observing geometry – incidence, 

emission and phase angle – could be computed for all. 

2.2 Model and Bayesian Inversion 

For this study we are considering Hapke direct model 

detailed in [5]. Six parameters are to be estimated: b, 

c, ω, θ, h and B0.  
 

We constrained these parameters in selected areas of 

Europa using a Bayesian approach that has been used 

on Mars in the past [9]. No a priori knowledge of the 

parameters were inferred except for their physical 

domain of variation. A Monte Carlo Markov Chain 

algorithm was used to sample the Probability Density 

Function (PDF) of the a-posteriori solution [9, 10]. 

The sampling algorithm has been optimized recently 

[11]. 
 

3. Preliminary results 

We conducted this local study on nine different zones 

of interest. Results are rather homogeneous for ω but 

show some variation for parameters b, c and θ. Fig. 2 

shows the distribution for the latter. Since we don’t 

have any data with phase angles lower than 20°, it is 

impossible to draw any relevant conclusion for h and 

B0.

 

Figure 2: Variation of θ over the different regions of 

interest 

Conclusion  

This study shows that we can constrain Hapke 

parameters on restricted areas of Europa. Thus, local 

photometric studies should be determined on this 

moon after additional work. However, we noted that 

we would need more data to gain confidence in these 

results and extend the study. 
 

We are working to add data from the Voyager 

spacecrafts as well as any relevant images from the 

Cassini and Galileo missions. Because these datasets 

are very different, each brings its own set of 

challenges, but we are confident this should help us 

constrain the photometric properties of Europa and, 

ultimately, those of Ganymede and Callisto. We will 

also investigate other photometric models and 

compare their best fit to fulfill our objective of 

deriving accurate reflectance models for all three icy 

moons. 
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Introduction 

Independent Component Analysis (ICA) applied 
to VIRTIS/Venus-Express nightside data [1] allowed 
us to separate various physical phenomena, based on 
their spectral signatures in reflected light (1-2.5 µm). 
Using the complete spectral range (instead of spectral 
parameters such as band depths) results in extracting 
complex patterns involving many spectral channels, 
in particular: O2 recombination in the high 
atmosphere on the night side, cloud pattern, limb 
darkening, and surface emission visible through 
atmospheric windows.  

However, the question of the physical relevance 
of the independent components retrieved has not 
been studied in detail, in particular for surface 
emission. It is here compared with an explicit 
physical modeling of the spectra performed to map 
surface temperature and its variations [2].  

 
1. Physical modeling 

The VIRTIS/Venus Express dataset was inverted 
to estimate surface temperature [2]. The flux is 
measured at 1.02 µm in a narrow window where the 
atmosphere is not entirely opaque, and is corrected 
for atmospheric effects. This modeling involves: 
subtraction of stray light (originating from the 
illuminated crescent close to the field of view, plus 
solar reflected light scattered on the night side); 
correction of limb darkening; correction of multiple 
reflections between the lower atmosphere and the 
cloud layer; conversion from radiance to temperature.  

Stray light is estimated from residual radiance 
between the atmospheric windows at short 
wavelength. Multiple reflections in the atmosphere 
depend on cloud opacity. It is corrected by dividing 

out a function of the cloud pattern measured at longer 
wavelength (1.31 µm). A step-by-step application of 
this method is provided for session VI0373_01: Fig. 
9e in [2] displays the flux from the surface, converted 
to brightness temperature. Since surface temperature 
is controlled by atmospheric pressure it essentially 
reflects surface elevation, with possible departures 
related to thermal anomalies or changing rock 
composition. This parameter therefore displays 
specific patterns when 1) the session covers an area 
with marked topography contrast and 2) cloud 
opacity is moderate. 

 
2. Multivariate analysis 

The same data where analyzed with Independent 
Component Analysis (ICA) by [1] so as to entangle 
several phenomena which may have overlapping 
spectral signatures. ICA being a linear analysis, all 
retrieved components consist in linear combinations 
of flux measured in the various spectral channels. By 
construction, ICA provides results that are less 
sensitive to measurement noise, and are more 
physically relevant than Principal Component 
Analysis (PCA) [3].  

The surface emission in particular is estimated 
from all the spectral channels that contain a 
contribution from the surface (~10 channels in the 
1.02, 1.1 and 1.18 µm windows), and the atmospheric 
effects are approximated by subtraction of flux 
measured at all wavelengths dominated by the cloud 
pattern. In the case of session VI0373_01, the cloud 
pattern is mostly estimated from several channels in 
the 1.29-1.31 µm range (which also includes limb 
darkening) and in the 1.74 µm peak (although in this 
session it is saturated in some places).  
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3. Comparison 

 

Figure 1: First 3 independent components retrieved on 
session VI0373_01.  
 

Fig. 1 displays the first 3 components retrieved 
from the ICA: cloud pattern, surface emission, O2 
emission (from top to bottom). They are essentially 

decoupled, although a slight mixture between surface 
and O2 emission is still apparent. The dark feature on 
Fig 1b is the high elevation area of Alpha Regio and 
Eve Corona.  

The retrieval of surface emission is at least as 
good as the one from [2], being less noisy and 
equally similar to the Magellan altimetry. Both 
estimates are well correlated except near the limb 
(Fig. 2). However, the signal is difficult to calibrate 
in radiance and temperature estimates are biased. 
Component 1 is also very similar to the cloud pattern 
estimated in [2], their Fig. 9d. The major differences 
are low frequency variations along the horizontal 
direction in [2], now reduced thanks to an improved 
flat-field.  

Figure 2: Surface component from ICA compared to 
physical model on session VI0373_01 (density plot).  

This study confirms the ability of ICA to retrieve 
physical quantities that otherwise require 
sophisticated modeling, in spite of the linearization 
performed by ICA.  
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Abstract
Determining planetary surface composition via remote
spectroscopy frequently requires the use of inverse
modeling, as the surface presents a complex mixture
of materials which cannot be directly identified from
the spectra. Depending on the complexity of the radia-
tive transfer model (RTM) used, however, the inverse
problem can be nonlinear and very high-dimensional,
and the computational cost of traditional optimization
methods becomes prohibitive. We demonstrate the
utility of a multi-step metaheuristic approach for the
inversion of high-dimensional RTMs, using the exam-
ple of Pluto.

Figure 1: Schematic representation of the various materials
present on Pluto and their possible mixing states [1]

1 Example case: Pluto
Since arriving at Pluto in 2015, New Horizons has sent
back vast quantities of data, including high-resolution hy-
perspectral cubes from the LEISA instrument. Data reduc-
tion and PCA has allowed us to identify the major types of
surface material and to qualitatively map their composition
[1]. These types of material interact in multiple ways, in-
cluding molecular, granular and vertical mixing (Fig. 1). A
first quantitative map based on a pixel-by-pixel model inver-
sion has also been created, but the model used is simplified,
only taking into account sub-pixel areal mixing [2].

Work is ongoing to produce an accurate surface composi-
tion map of Pluto based on the RTM Spectrimag [3], which

takes into account a multitude of free physical parameters in-
cluding grain size, material porosity, and material abundance
in the various types of mixtures. As the dimensionality of
the model can exceed 40, the search space becomes too big
for conventional optimization methods such as gradient de-
scent, and higher-level methods such as metaheuristics may
become more efficient.

2 Progressive metaheuristics
When the solution landscape for the inversion problem is
"rugged", metaheuristics such as simulated annealing have a
strong advantage, as they offer a good compromise between
exploration and exploitation. In a high-dimensional land-
scape, however, randomly drawing initial parameters might
not suffice to explore all promising solutions.

To avoid this shortcoming, our proposed method starts by
stochastically evaluating the magnitude of effect and vari-
ability of each parameter to obtain a ranking. We then
use standard metaheuristics to get candidate solutions for a
subset of high-importance parameters and progressively in-
crease the dimensionality by including parameters of lesser
importance.

We expect this approach to be very fruitful for inverse
problems with high-dimensional parametrization in general
and the compositional cartography of Pluto in particular, and
will discuss the methodology and preliminary results in de-
tail during the congress.
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1. Introduction 

Knowledge of surface temperature and its variations 

as function of illumination conditions is key for 

understanding the thermodynamical properties, the 

chemical properties and the physical structure of the 

regolith (porosity, roughness) of planets and small 

bodies in the solar system. The surface temperature 

can be retrieved from near-infrared spectra at 

wavelengths where thermal emission becomes non-

negligible with respect to the reflected components. 

At 5 µm, the longest wavelength measured by 

VIRTIS-M [1] on the Rosetta mission [2] which 

observed comet 67P/Churyumov-Gerasimenko 

(67P/C-G), the minimum brightness temperature that 

can be measured is ~150K [3] (instrumental noise 

equivalent temperature). The usual technique is to fit 

a Planck function to each spectrum, providing one 

temperature per pixel (e.g. [3], [4], [5]).  

However, the calculation of a distribution of 

temperatures per pixel is justified by the fact that the 

local topography changes at all scales resulting in 

variable illumination conditions (variable incidence 

angle and shadow casting) within the area covered by 

each pixel. This causes a distribution of temperatures 

which turns out in a distribution of thermal emission 

contributions [6]. 

Furthermore, the combination of different thermal 

emission contributions (the linear combination of 

several Planck curves) is not a Planck function. 

Consequently, fitting one Planck function to a 

spectrum results in retrieving a value for the 

brightness temperature that is not representative of 

thermophysical properties of the regolith, because it 

is not the average of all temperatures in the area 

covered by that pixel. 

2. Method: Inversion of multiple 

Planck curves 

Our approach is to perform a linear spectral 

unmixing of thermal functions, because the spectral 

thermal emission in each spectrum is the sum of all 

the thermal contributions that correspond to each 

facet of the surface, weighted by their areal 

proportion. We are developing a technique that is 

based on the Multiple-Endmember Linear Spectral 

Unmixing model (MELSUM) [7], which has been 

developed to fit reflectance spectra of particulate 

surfaces (or laboratory samples) by a linear 

combination of spectral endmembers (spectra of pure 

minerals, or spectra collected from relevant locations 

in the database). With this technique, a spectrum is 

considered as a vector, and the spectral library of 

endmembers as a matrix. The inversion relies on the 

covariance vector and covariance matrix. Its main 

feature is to be able to test one by one each linear 

combination of N spectral endmembers among a total 

of M available in order to retrieve the best one, and 

to ensure that all spectral endmembers selected 

contribute positively. Typically, N is 2 to 5, and M is 

~10 to 20. This technique has been applied 

successfully to map the surface composition of Mars 

[7] with the OMEGA imaging spectrometer on Mars 

Express, Vesta [8] and Ceres [9] with the VIR 

mapping spectrometer on the Dawn spacecraft. 

In order to retrieve a distribution of temperatures 

with MELSUM, each spectral endmember is a 

Planck curve that corresponds to one value of surface 

temperature. The assumptions in MELSUM are: 

- The sum of all weighing coefficient must 

not exceed 1 (the sum of all illuminated parts within 

the surface covered by one pixel must not exceed the 

total surface covered by that pixel). 
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- The weighing coefficients must not be 

negative (they can be 0 if the corresponding 

temperature is absent in the surface observed) 

- The temperatures that can be tested are 

limited by a range and a resolution (typically ≤1 K). 

- The maximum number of spectral 

endmembers (the maximum number of Planck curves) 

that can be used to fit a spectrum must be small (<5). 

This is necessary because the total number of 

combinations to be tested equals M!/(N!×(M-N)!), 

which increases rapidly as function of N. As a 

consequence, the number of representative 

temperature values within a given pixel cannot 

exceed 5: this is the main limitation of this technique. 

3. Results: First evaluation of our 

inversion model 

We have already tested with some success the 

spectral fitting approach for the retrieval of 

temperature values and their areal proportions within 

the area covered by one pixel. 1) We have 

demonstrated that we can fit the spectra with a sum 

of Planck curves. 2) MELSUM is a tool that is 

already functional for processing hyperspectral 

datasets. 3) Using MELSUM, we have observed that 

with a model constrained to use a maximum of two 

or three spectral endmembers (two or three values of 

temperatures), areas illuminated with a low incidence 

angle resulted in a selection of only one temperature 

(or two temperatures separated by the resolution 

interval of 1K), whereas areas illuminated with a 

high incidence angle forced the model to select two 

or three temperatures separated by an interval of 

several tens of degrees. Our first analysis (Figure 1) 

indicates that this behavior may be systematic, which 

is consistent with our expectations: under high 

incidence angles, a rough surface presents facets that 

are fully illuminated by the sun, and facets that are 

shaded (high contrast and variability in the 

distribution of temperature), whereas under low 

incidence angle, most facets appear fully illuminated 

from the point of view of the instrument, near the 

zenith position.  

These preliminary results are encouraging, and they 

justify pursuing this approach. The obvious area of 

improvement is computing performance, since it 

takes several tens of seconds to process a single 

spectrum executed with the Interactive Data 

Language (IDL, Harris Geospatial Solutions) on a 

64-bit operating system, with a dual core CPU 

clocked at 2.50 GHz (Intel i5-3210M). 

 

 

Figure 1: Spectral modeling of thermal emission 

contributions in Rosetta/VIRTIS-M IR spectra of 

comet 67P/Churyumov-Gerasimenko using 

MELSUM with two Planck curves (two surface 

temperatures) for each pixel. Spectra of shaded areas 

are systematically modeled by two temperatures 

separated by several tens of degrees, whereas 

illuminated areas are always modeled by 

temperatures separated by one degree. 

The current efforts consist in improving the 

performance and computer efficiency. In addition, 

each approach can be used to correct the spectra for 

thermal emission contribution, and thus to map 

absorption bands that are partially masked or 

distorted, such as the absorption band at 3.2 µm of 

organics, or carbonate absorption bands at 4. µm and 

beyond. These maps could also provide some 

feedback and could help calibrate the thermal 

emission correction models. 
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Abstract

The Planetary Fourier Spectrometer (PFS) instrument
on board the Mars Express mission generated a large
database of spectral information for the Red Planet
from the start of its mission. The objective of this work
is to correct major limitations of the instrument caused
by micro-vibrations which generate "ghosts" in the ac-
quired spectra. The observed spectra can be seen as a
convolution between the original clean Martian spec-
tra and perturbation kernels. A blind deconvolution
approach in the field of inverse problems is used to re-
move the ghosts from the measured Martian spectra
through an Alternating Minimization algorithm (AM).
Constraints are applied so that the estimates respect
the physical properties of the investigated signals.

1. Introduction
The ghost problem of the Mars spectra was first ana-
lyzed in [4]. In [6] and [5] a precursor methodology
of the one proposed here was presented. First, the ana-
lytical model was developed to justify the first-order
approximation by convolution [6]. There are three
sources for Mars spectrum ghosts: the sampling step
error and the cyclic misalignment of the cubic cor-
ner mirrors of the interferometer, both due to micro-
vibrations caused by other instruments on board the
mission satellite and the asymmetry error of the in-
terferogram due to the random start of the acquisition.
By mathematically modeling these errors and inserting
them into the definition of a monochromatic source,
we have observed that these errors are represented by
Diracs at specific frequencies and have a harmonic
propagation behavior inside the Mars spectra. There-
fore the kernel must be estimated with a sparsity in-
ducing algorithm that can handle complex values.

Based on that work, a first attempt of blind decon-
volution was proposed [5]. Typical results of this strat-
egy are shown in fig. 1. The averaged spectrum shows
a pronounced smooth aspect indicating that an algo-

Figure 1: In Figure 1 the first spectrum from above
is the measured spectrum from the PFS containing
ghosts marked by arrows. The second spectrum is the
result from [5] while the third is a synthetic simula-
tion. The last two are an average of 11 non-treated
spectra and an average of 11 estimated spectra with
[5] respectively.

rithm to estimate one Mars spectrum should be able to
deliver smooth solutions that additionally are real and
positive.

2. Methodology
2.1. Direct problem

m ∗ k = s (1)

Where: s ∈ C is the measured spectrum, k ∈ C is
the perturbation kernel, m ∈ R is the original Mars
spectrum, ∗ is the convolution.

2.2. Inverse problem
||s−m ∗ k||22 + λm||Dm||22 + λk||k||1 (2)

Where: ||s − m ∗ k||22 is the fidelity to the data
term, λm||Dm||22 is a smoothing regularization term
and λk||k||1 is a sparsity inducing regularization term.
This expression is non-convex but does become con-
vex if one of the regularization terms is fixed.
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2.3. AM Algorithm
To estimate m, we use an AM algorithm with two al-
ternating steps: to estimate Mars a projected Newton
algorithm [2] is used in the first step while the ker-
nel is considered known, then to estimate the kernel a
FISTA algorithm [1] is used while the Mars signal is
considered known:

Initialize m0, k0, αm0 , Jold = 0, ŝ = m0 ∗ k0

Ji = ||s− ŝ||22
While |Jold − Ji| > εstop

1. ∆ni
= (MT

i−1Mi−1 + λmi
DTD)−1 ·MT

i−1ŝ

mi = P ((1− αmi
) ·mi−1 + αmi

·∆ni
)

update αmi
, choose best λmi

from given range

2. ki = P

(
prox

k

(
ki−1 +

λki

L
m∗

i (s−mi ∗ ki−1)
))

choose best λki from given range
3. check stopping criterion:
Jold = Ji, ŝ = mi ∗ ki

Ji = ||s− ŝ||22 + λmi
||Dmi||22 + λki

||ki||1
End While

Where: ∆ni and αmi are the Newton’s step and step
size, Ji is the functional value at each iteration, P is
the projection on the constraints given, prox is the
proximal of ki onto a convex subset [3], L is the Lips-
chitz constant.

3. Results and Conclusions
In Figure 2 the same spectrum from the same orbit as
in [5] is presented: the measured spectrum, the result
from [5] and the result from our AM algorithm. Mars-
AM shows a smoother estimated spectrum, with an at-
tenuation of the ghosts and preservation of the absorp-
tion bands. Regarding the AM algorithm itself there
are three major improvements: automated choice of
λm and λk hyper-parameters at run time with different
strategies, the algorithm allows constraints to be ap-
plied on the estimated signals (real valued, positivity)
and the addition of an automatic stopping criterion for
the estimation. This new strategy opens new perspec-
tives on the correction of the full PFS dataset.
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Abstract 
Evidences have been found that the VIRTIS-H 
spectrometer’s signal can be contaminated with stray 
light in particular geometric conditions. The 
variability of this stray light with time and geometry 
was investigated. It is now possible to model the 
stray light for a given observation, in order to remove 
it from the signal. 

1.Introduction 
The Rosetta spacecraft was sent in 2004 and reached 
its main target comet 67P Churyumov-Gerasimenko 
in 2014. One of its main objectives was to study the 
cometary nucleus and to determine its main 
characteristics. To do this, the probe had a battery of 
instruments, including the cross-dispersion 
spectrometer VIRTIS-H [1]. This type of instrument 
allows, by first dispersing the light in the high orders 
by two networks, then separating these orders of 
diffraction by a prism, to simultaneously acquire the 
entire spectrum on a matrix of detectors, and this at 
high spectral resolution. VIRTIS-H has a 1300-3000 
resolution in the range 1.88-5.03 µm. 

2.Stray light in spectra 
Figure 1 shows how stray light contaminate the data. 
It is clear on Figure 1 that stray light is not dispersed 
as it is present also outside the area where signal is 
expected (the bright lines that correspond to orders of 
diffusion). In this case of backup mode data, the  
complete image on the detector has been conserved, 
but most of the time, in nominal mode, only the pixel 
where signal is expected are saved, to save 
bandwidth. This means that stray light contamination 
cannot be measured separately from the real signal. 
Figure 2 shows how stray light affects a measure: in 
this example, the spectrum correspond to an 
observation of the black sky, where no signal is 
expected. The spectrum displayed is then an artifact 

o n l y d u e t o s t r a y l i g h t c o n t a m i n a t i o n .  

!
Figure 1: Stray light observed on VIRTIS-H detector 
in cube H1_00389083498. There should be no signal 
between the dispersion orders (bright lines) 

!
Figure 2: Impact of the stray light on a spectrum: 
there should be no signal in this example. 

3.Variability of stray light 
In figure 3 are displayed two images corresponding 
to the signal at 3.1µm in cube T1_0040235835, but in 
two different channels in order 2 and 3 (there is an 
overlap between orders). The red line in Figure 2 
shows the locations in a spectrum: in order 3 (image 
on the left, the 3.1µm channel is never affected by 
stray light. On the other hand, in order 2, the 3.1µm 
channel can be contaminated with stray light. When 
there is no stray light, both channel show the same 
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signal, but when there is stray light, order 2 displays 
an higher value than order 3. The geometrical region 
where stray light is contaminating the data is outline 
in light red in Figure 3 (right). 

!
Figure 3: Variability of the stray light with geometry 
in cube T1_00402358355. Both images show the 
signal at 3.1µm, but on different orders. Only the 
canal on the figure on the right is affected by stray 
light (outlined in light red) 

5.Stray light removal 
The stray light can be removed from the signal by 
modeling it and then subtracting its contribution to 
the original data. As there is a strong variability of 
the stray light contamination with geometry, different 
models corresponding to different geometrical 
condition have been built. They are then scaled using 
an indicator of stray light in the data, to model 
empirically the stray light in any observation. 

!  

Figure 4: Example of stray light removal: the red 
curve is the original contaminated data, and the black 
one is after removal  

Figure 4 shows and example of stray light removal in 
a nominal cube (T1_00396861799). The red 
spectrum is the original contaminated data, and the 
black is the corrected spectrum. At first order, the 
stray light has been removed.  

6.Summary and Conclusions 
Stray light contaminate a large amount of VIRTIS-H 
spectral data. It is possible to remove it at first order 
from the polluted data, by modeling it in different 
geometrical conditions, scaling it and then 
subtracting the scaled model to the original data.  
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Abstract 
The OSIRIS-REx Visible-Infrared Spectrometer will 
map the surface of asteroid 101955 Bennu from 0.4 
to 4.34 µm. The spectrometer is sensitive to a large 
number of minerals that have features in this 
wavelength range.  In this study, we analyze the 
efficiency of detection software with spectra of pure 
minerals with the goal of providing guidance for fast 
spectral map analysis and confidence in mineral de-
tection during operations at Bennu. 

1. Introduction 
NASA’s Asteroid Sample Return Mission OSIRIS-
REx (Origins, Spectral Interpretation, Resource 
Identification, and Security Regolith Explorer) was 
launched in September 2016, and reaches its target 
late in 2018.  The mission will map and study the 
Near-Earth asteroid 101955 Bennu and select two 
possible sampling sites. If there is mineralogical 
variation across the surface of Bennu, then one 
region will have a higher science value than another 
region [1]. We are focused on developing fast 
mineralogical mapping with data from the OSIRIS-
REx Visible-Infrared Spectrometer (OVIRS) [2]. For 
quick analysis, spectral index (SPINDEX) calc-
ulation software has been developed, and is now part 
of an automated data processing pipeline. For each 
spectrum of Bennu, SPINDEX calculates 103 
spectral indices (absorption band depths and regional 
continuum slopes). The goal of this study is to 
calibrate each index with pure mineral spectra in 
order to select the best spectral indices for mapping 
Bennu.  The mission requires a map of all minerals 
showing band depth of 5% or more. 

2. Data Analysis 
Initially, our focus is on oxides (chromite and 
magnetite) and sulfates (epsomite). Pure mineral 
reflectance spectra are gathered from the RELAB 

(Reflectance Laboratory) online database (hosted by 
Brown University) and the PSF (Planetary 
Spectrophotometer Facilities) database (hosted by the 
University of Winnipeg). We then wrote software to 
resample the laboratory spectra to OVIRS spectral 
resolution and format them for input to SPINDEX. 
Additional programs were developed to visualize 
SPINDEX results, and perform careful analysis of 
absorption band positions. Magnetite is of particular 
interest as it has been suggested to be present on 
Bennu [3]. 

3. Results 
For SPINDEX, each spectral index is numbered and 
associated with a specific mineral.  Based on 
SPINDEX results, we can separate these bands into 
strong and weak bands, according to depth. For 
chromite (FeCr2O4 Bands 15-20), a total of 15 
spectra from the RELAB database were analyzed. 
Band 15 is the strongest but is not specific to 
chromite.  Hence, a positive detection is required for 
at least one of the other four weak bands (bands 17, 
18, 19, or 20). We find that band 18 is too weak to be 
of any use (its depth is always below the 5% 
threshold even for pure minerals), hence to detect 
chromite on Bennu, we must observe both Bands 15 
and 20, the next strongest band. One outcome of our 
analysis is an improvement of the three wavelengths 
defining band 20. In Figures 1 and 2, we present 
band 20 strength after continuum removal according 
to the old definition (Fig. 1) and according to our 
new proposed definition (Fig. 2). In Figures 1 and 2, 
the black dashed line symbolizes the 5% threshold 
and the dotted line is the wavelength center of the 
band.  This is an example of the type of improve-
ments we are making to SPINDEX. 

As for magnetite, only one band index exists in 
SPINDEX: Band 16. Our analysis of 33 pure 
magnetite spectra enables us to propose a new 
definition of the band, shown in Table 1, to better 
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take into account the absorption feature centered at 
0.52 µm. With this improvement, 30% of the 
magnetite spectra showed positive detection at Band 
16, as compared to only 12% previously. 
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Figure 1: Old definition of Band 20 relative strength 
with continuum removed. 
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Figure 2: New definition of Band 20 relative strength 
with continuum removed. 

Epsomite is one of the two sulfates detectable with 
OVIRS (gypsum is the other). Two specific bands 
(30 and 31) are dedicated to Epsomite. The results of 
analysis of 6 pure epsomite spectra (from the PSF 
database) show that both bands can be qualified as 
strong if we make an improvement to Band 31, 
shown in Table 1, to better take into account the 
shape of the absorption feature centered at 1.95 µm. 
Because it has two strong bands, epsomite, if present 
on the surface of Bennu, is very likely to be detected.   

Table 1: Old and new proposed definition of the 
SPINDEX bands tested in this study 

Band number, and 
mineral detected  

Old definition 
(left, center and 
right 
wavelengths in 
µm) 

New definition 
(left, center, and 
right 
wavelengths in 
µm) 

Band 15 
(Chromite) 

1.5-2.1-2.7 \ 

Band 17 
(Chromite) 

0.55-0.58-
0.61 

\ 

Band 18 
(Chromite) 

0.64-0.67-0.7 \ 

Band 19 
(Chromite) 

0.8-0.9-1.0 \ 

Band 20 
(chromite) 

1.1-1.2-1.3 1.12-1.27-1.41 

Band 16 
(Magnetite) 

0.45-0.5-0.55 0.41-0.52-0.64 

Band 30 
(Epsomite) 

1.3-1.45-1.75 \ 

Band 31 
(Epsomite) 

1.8-1.95-2.25 1.83-1.95-2.25 

 
4. Future Work 
In future work, we will analyze SPINDEX results for 
silicates and hydrated silicates. Ultimately, our work 
will provide a ranking of the most useful SPINDEX 
indices in terms of band strength and science value. 
This will constitute a “Guide to spectral indices” that 
OSIRIS-REx science team members can use for fast 
and confident interpretation of OVIRS spectral maps.  
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Abstract
We have carried out radiometric calibration studies for
the Rosetta navigation camera based on images of cal-
ibration stars as well as of the extended comet nu-
cleus. In addition, efficient algorithms for artefact cor-
rection have been investigated. The results are imple-
mented in a processing pipeline for generating cali-
brated data products to be delivered to the Planetary
Science Archive (PSA).

1. Introduction
During the operational phase of the Rosetta mission
images acquired by the navigation camera were pro-
cessed in near real-time [1] and distributed within the
project community. Data sets of uncalibrated images
were also made available via ESA’s Planetary Science
Archive [2, 3].

2. Radiometric Calibration
2.1. Point Sources
Images of stars potentially useful for calibration stud-
ies were acquired at a few instances during the cruise
phase. Regular images of suitable stars were later
scheduled during parts of the comet phase. The mea-
surements indicate no long-term trend of the camera
sensitivity. However, the dispersion of data points is
large due to a significant dependence of the signal on
the intra-pixel position of the point source for the par-
ticular CCD type used in the camera.

2.2. Extended Source
Quantitative calibration factors for the navigation cam-
era were determined by means of a cross-calibration
analysis with radiometrically corrected OSIRIC-NAC
images of the extended comet nucleus [4]. Sets of im-
ages acquired with both cameras approximately at the
same time and at appropriate nucleus distances were
selected for this purpose.

3. Artefact Correction
The following processing steps are applied in order to
correct various detector effects and artefacts.

3.1. Bias Field
A bias (and dark) field consisting of a constant offset,
gradients in column direction and coherent noise con-
tributions was derived from suitable dark images. The
bias field is subtracted from the raw image.

3.2. Smearing
The camera is not equipped with a mechanical shutter.
For images with small integration time, the exposure
of the CCD during read-out leads to a smearing of the
images along the columns. For non-saturated images
this artefact can be efficiently corrected by applying
appropriate techniques [5].

3.3. Vignetting
An analysis of stacked images showed no evidence for
sensitivity variation over the field of view – except for
a pronounced vignetting effect in the corners of the
CCD. A vignetting field was derived from the avail-
able stacked images. An example for the vignetting
correction is shown in Figure 1.

3.4. Warm Pixels
For large integration times, an increasing number of
pixels show anomalous sensitivity behaviour. A dis-
tinctive feature are pairs of adjacent pixels with devi-
ating pixel counts. These effects are corrected by aver-
aging or interpolation based on affected pixel masks.

3.5. Calibration
After applying the correction steps above, the ra-
diometric calibration factors derived from the cross-
calibration study are applied to convert the pixel
counts into physical radiance units.
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3.6. Uncorrected Artefacts
A few types of artefacts such as ghost images, cosmic
rays and stray light are difficult to treat in an automated
manner and are not considered in the correction proce-
dure.

4. Conclusion
At the time of writing this abstract, the quantitative
studies for deriving the calibration factors and auxil-
iary fields for artefact correction have been finished.
The corresponding algorithms have also been imple-
mented in a processing pipeline. However, the masks
used for warm pixel and pixel pair correction still need
to be further refined. Once this has been achieved,
data sets of radiometrically calibrated navigation cam-
era images in PDS format will be generated systemat-
ically and provided to the PSA for archiving.
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Abstract
A typical optical spectrum of a comet with well
developed coma shows molecular emissions dom-
inated by carbon chain molecules. The Jupiter
family comets 41P/Honda–Mrkos–Pajdušáková and
45P/Tuttle–Giacobini–Kresák were spectroscopically
observed using the 0.5m telescope at the Mount Abu
Infra-red observatory during the period of Decem-
ber 2016 to May 2017. The optical spectra of these
comets were obtained using the low resolution spec-
trograph (LISA) mounted on the telescopes at Mount
Abu. As expected in the optical region,the comets ex-
hibited a lot of molecular emission bands including
CN,C2,C3,CH and NH2. The spatial profiles of some
of these molecules were studied using the traditional
theoretical model given by Haser. The low productions
rates estimated for these comets indicate an extensive
processing of the comet nucleus.

1 Introduction
Comets are cold icy bodies in the solar system that
were formed in the solar nebula and are considered to
be the signature bodies to understand the formation of
the solar system. Cometary molecular emissions are
well known and have been studied since a long time.
A typical optical spectrum of a comet with well devel-
oped coma shows molecular emissions [Kumar et al.,
2016] dominated by carbon chain molecules like C2

and C3. NH2 and CN are two other species which
show prominent emission lines in the optical spectrum.

These emissions are a result of fluorescing daugh-
ter products which are generally produced from photo-
dissociation of the parent species sublimating from the
nucleus. Many of the parent species of these products
are yet to be confirmed. Results from Rosetta space-
craft have revealed exciting processes that takes place
in a cometary nucleus. However, it is vital to observe
and study comets in different orbits, to get an overall

picture of their formation and evolution. In this work,
we have observed and analysed the optical spectra of
two Jupiter family comets 41P/ and 45P/.

2 Observations and Reductions
The observations were carried out with LISA spec-
trograph mounted on the 0.5 m(f/6.8) telescope
(PlaneWave Instruments CDK20) at the Mount Abu
Infra-red observatory (MIRO), Mount Abu, India. The
sky conditions were photometric during the observing
period.

Table 1: Observational Log

Comet Date Heliocentric Solar Phase Exposure

Distance rh
(AU) (degrees) (Seconds)

41P/ 19/04/2017 1.04 70 400

45P/ 09/01/2017 0.56 130 1200

Details of the comet observations are given in table
1. The exposure times mentioned in the table are for
each individual frame. A more detailed description of
the instrument LISA is given in Kumar et al. [2016].
The slit was placed at the photo-center of the comet
and was manually tracked through the guiding CCD
throughout the exposure time. The observations were
made using the scheme, sky-object-sky, for the proper
background sky subtraction.

3 Results and Conclusion
Both the Jupiter family comets exhibited a lot of
molecular emissions in their spectra. The optical spec-
tra of the comets are shown in figure 1. The col-
umn density profiles for C2 and CN were obtained
for both the comets by integrating the flux at various
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Figure 1: Optical spectra of comets 41P/ and 45P/ obtained from using LISA spectrograph on the 0.5m telescope at the Mount Abu
Infra-red observatory, India

. These profiles were then fitted using the standard
Haser model. The C2/CN ratio differs significantly in
both the comets. This is due to relatively low emis-
sions from CN radical in comet 45P/. Pressuming that
HCN is the dominant parent of CN in comets, our
results are in accordance with the fact that HCN has
been found to be highly deplted in comet 45P/ DiSanti
et al. [2017]. The production rates of these molecular
species calculated for comet 41P/ turns out to be of the
order of about 1021 molecules per second.

This is extremely low, as compared to the pro-
duction rates seen in the Oort cloud comets. This
could be due to excessive processing of the volatiles
of the Jupiter family comets, due to extremely short
orbits and subsequent frequent exposure to high den-
sity solar flux impinging the comet surface. There-
fore, the low production rates can also be a result of
low volatile content in the subsurface of the comet.
There have been many instances of outbursts of short
period comets [Ishiguro et al., 2016; Pajola et al.,
2017]. Although, these molecular emission bands are
daughter and grand-daughter products, the behavior of
their production rates and scale lengths strongly de-
pends on the parent molecules. The parent molecules
originate in the surface layers of the cometary nuclei.
They are influenced by many of the orbital param-
eters like perihelion and aphelion distances and or-
bital period, inclination, etc. Both of these low incli-
nation Jupiter family comets have close resemblance
(in terms of orbital parameters) to the short-period
comet 67P/Churyumov–Gerasimenko studied in detail

by Rosetta. Therefore, their study gives vital confirma-
tion on the similarity or otherwise of the Jupiter family
comets.
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Transient Tracker: An easier way to  
(photometrically) catch an asteroid or comet. 
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Abstract 
Transient Tracker is open source software designed 
to identify asteroids and other transient/variable 
objects in image sets. Transient Tracker’s features in 
final form will include: astrometric and photometric 
solutions, identification of moving/transient objects, 
identification of variable objects, and lightcurve 
analysis. Here we present our first major release 
candidate and seek community input. 

In this release of Transient Tacker, we build on these 
libraries to add source identification for point / point-
like sources, and to do photometry. Our software is 
released under the Apache 2.0 license on github 
(github.com/CosmoQuestTeam) and documentation 
is at cosmoquest.org/TransientTracker.  

1. Introduction 
Since the earliest days of digital source detection, 
teams of astronomers and planetary scientists have 
been trying to devise highly accurate methods for 
processing images, and extracting and understanding 
their sources. With a myriad of packages on the 
market, there is still no truly dominate software 
solution, but rather, many graduate students and 
researchers still find themselves writing code from 
scratch rather than trying to learn how to use difficult 
freeware like IRAF, or paying for commercial 
solutions like IDL or MaxIM DL. 

With Transient Tracker, we seek to build a solution 
that may not solve all problems, but will be easily 
extensible so that it can serve as a foundation for 
solving many problems. In this presentation, we 
overview its core features, ease of customization, and 
how the software can be used to submit results. 

2. Planned Features 
In creating Transient Tracker, we take inspiration 
from 5 different pieces of software: IRAF, Salsa-J, 
Astronometry.net, Astrometrica, and VPhot. Each 

codebase is designed to meet the needs of very 
different audiences while accomplishing overlapping 
tasks. From IRAF, we recognize the need to make it 
easy for scientists to add features, while also learning 
how not to create an interface. At the other extreme, 
Salsa-J and Astrometry.net show that students and 
the public will do science if they have an easy 
interface that supports all image formats and all 
computer platforms. Astrometrica and VPhot further 
demonstrate that people like to be able to export their 
data so that it can be directly uploaded to archives 
such as the Minor Planet Center or IAU Central 
Bureau for Astronomical Telegrams. Taking lessons 
learned from these code bases, we are working to 
build an entirely open source platform for data 
reduction and processing. 

Transient Tracker is designed in Java with a 
codebase that can be added to through Github1, and 
an API that easily allows new modules to be added. It 
will be wrapped for use in a browser, but has the 
ability to run standalone as well. It will have a two-
mode interface; a simple interface that uses default 
values for settings, and an advanced setup that pairs 
and easy to use settings tool with rich documentation. 

To jumpstart image processing, we built on the NIH 
hosted ImageJ image processing package [1], which 
was also used as the basis of SalsaJ. This allows our 
user community to use TIFF, GIF, JPEG, PNG, 
DICOM, BMP, PGM and FITS images and provides 
a broad foundation of image manipulation features to 
build upon, including the math features needed for 
dark subtraction, flat fielding, and image stacking. 
ImageJ already supports the addition of plugins and 
has rich documentation. Essentially, in the spirit of 
the open source community, we are forking the 
ImageJ code base (hosted on NIH servers) and 
adding to it the features needed for the astronomy 
and planetary science communities. 

                                                 
1 https://github.com/CosmoQuestTeam/ 
TransientTracker-PublicRelease 
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2.1 Image reduction 

Transient Tracker provides all the image math 
routines necessary to process raw data from a 
telescope. We are building into the existing ImageJ 
libraries automation to facilitate standardized image 
processing, as well as support for different kinds of 
image and pixel rejection. 

2.1 Source finding & Photometry 

Following the path of the classic software DAOphot, 
we start off by identifying sources that are a user-
entered number of sigma above background (default 
is 6). With these sources in hand, the images typical 
FWHM is determined, and aperture photometry can 
be performed. At this time, Transient Tracker doesn’t 
support PSF fitting, however that may be added via a 
plugin. Aperture photometry can be used to find 
relative magnitudes. With additional effort, and 
either known calibration factors, or images of 
standard fields, built in routines can be used to 
transform relative magnitudes into a standard 
magnitude system.   

2.2 Astrometry 

With source catalogues in hand, it’s possible to 
match observed stars to standard astrometry 
catalogues. We will model our approach on 
Astrometry.net as detailed in Lang et al. (2010) [2]. 
While our photometry routines will only work on 
non-loosy data, users will be able to do astrometry 
(with varying accuracy) on all image types, including 
compressed files like jpgs. Users will also be able to 
select moving sources in image sets and output that 
target’s data in the format for reporting to the MPC. 

2.3 Additional built in tools 

In order to make this software as useful as possible, 
we are also including basic astronomy tools that are 
regularly used in image processing and analysis. 
These include a JD calculator, airmass calculator, and 
a FITS header reader and editor. These tools are 
designed to allow users to do everything they need 
without ever leaving the interface. 

3. Software testing 
Our goals for our software are: 1) to produce 
scientifically useful results that have accuracy 

comparable to IRAF, 2) for our software to be 
sufficiently easy to use that students can find 
asteroids as part of a homework assignment, and 3) 
for it to be easy for researchers to add their own 
routines to the software.  

In order to test our software’s accuracy, we will do 
side-by-side image analysis, comparing our results 
with IRAF and the SkyX Professional. We expect the 
results given by all three packages to consistently be 
within error of one another, with the errors from our 
software being no greater than those of the two 
comparison packages. 

We will further usability test our software with 
amateur astronomers, school groups, and university 
students to verify that it is easy to use and novice 
users can produce accurate results. 

Finally, we will host hack-a-thons at major 
conferences. This will allow us to see if our target 
audiences can create and add into the code any 
additional tools they may want to see. We anticipate 
holding the first Hack-a-thon in late Q4 of 2018. 

Acknowledgements 
This project is supported in by NASA grant 
numbered NNX17AD20A and NNX16AC68A. Any 
opinions, findings, & conclusions or 
recommendations expressed are those of this project 
& do not necessarily reflect the views of the National 
Aeronautics and Space Administration 
(NASA).  We’d like to thank the Celestron and 
Oceanside Photo and Telescope for providing us 
equipment to test our software. 

References 
[1] Rasband, Wayne, ImageJ, http://imagej.nih.gov/ij/ 
docs/index.html 

[2] Lang, D., Hogg, D.W., Mierle, K., Blanton, M., & 
Roweis, S. (2010) Astrometry.net: Blind astrometric 
calibration of arbitrary astronomical images. The 
Astronomical Journal 139, 1782 

 

. 

 


