
HAL Id: insu-02334508
https://insu.hal.science/insu-02334508

Submitted on 26 Oct 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A catalog of stereo anaglyphs of comet 67P/Churyumov-
Gerasimenko - Application to the detection of deep ice

pits
Philippe Lamy, G. Faury, D. Romeuf, Olivier Groussin, Joelle Durand

To cite this version:
Philippe Lamy, G. Faury, D. Romeuf, Olivier Groussin, Joelle Durand. A catalog of stereo anaglyphs
of comet 67P/Churyumov- Gerasimenko - Application to the detection of deep ice pits. EPSC-DPS
Joint Meeting 2019, Sep 2019, Geneva, Switzerland. pp.EPSC-DPS2019-719-1. �insu-02334508�

https://insu.hal.science/insu-02334508
https://hal.archives-ouvertes.fr


A catalog of stereo anaglyphs of comet 67P/Churyumov-

Gerasimenko – Application to the detection of deep ice pits 

P. Lamy (1), G. Faury (2), D.  Romeuf (3), O. Groussin (4), and Joëlle Durand (5) 

(1) Laboratoire Atmosphères Milieux et Observations Spatiales, Guyancourt (2) Institut de Recherche en Astrophysique et 

Planétologie, Toulouse, (3) Université Claude Bernard Lyon I, Villeurbanne, (4) Laboratoire d’Astrophysique de Marseille, 

Marseille, (5) CNES-Science Operations and Navigation Center, Toulouse, France (philippe.lamy@latmos.ipsl.fr) 

 

Abstract 

The OSIRIS/NAC camera aboard the Rosetta 

spacecraft has acquired approximately 27000 images 

of comet 67P/Churyumov–Gerasimenko at spatial 

scales down to a few centimeters. We exploit the 

numerous sequences of images separated by a few 

minutes suitable for stereo reconstructions to produce 

anaglyphs offering three-dimensional views of the 

comet, complementary to other technics, as a tool to 

understand the topography of the nucleus. Each 

anaglyph is documented by a set of 17 parameters 

which provide the contextual information. Over 1400 

anaglyphs have been produced and cataloged so far; 

they are available on a dedicated website and can be 

searched using the associated parameters. As a first 

application, we present direct evidences of sub-

surface ice at the bottom of deep pits, so-called “ice 

pits” identified on high-resolution anaglyphs. Their 

geometry and size are obtained from stereographic 

reconstruction. Both their high reflectivity and their 

blue color substantiate the presence of ice. 

1. Introduction 

 Three-dimensional rendering of the shape and 

surface of minor bodies of the solar system is 

essential to the understanding of their formation, to 

the characterization of their surface topography and 

to the study of their surface processes. Anaglyphs 

have seen a recent resurgence probably due to the 

need of conveniently presenting three-dimensional 

(3D) images to a general audience on computer 

screens via the Web, CDs, and DVDs. As a 

consequence, space agencies (NASA in particular) 

and space imager teams have released hundreds of 

anaglyphs of solar system objects conveniently 

archived on dedicated websites. In addition, it has 

recently been realized that anaglyphs have their own 

merits for scientific analysis, in particular to make  

 

small-scale topographic measurements. The OSIRIS 

NAC camera [1] aboard the Rosetta spacecraft has 

acquired approximately 27000 images at different 

distances and therefore at different spatial scales of 

comet 67P/Churyumov–Gerasimenko, from global 

images of the bi-lobed nucleus and its jets down to 

topographic details of a few centimeters on different 

regions of the nucleus. The bulk of these images have 

been obtained in sequences and the combined 

displacement of the Rosetta orbiter along its 

trajectory and the rotation of the nucleus allow 

associating many pairs of images appropriate to 

producing anaglyphs for stereoscopic viewing of the 

comet. 

2. Construction of the anaglyphs 

With a single high resolution camera, the NAC, the 

stereo effect had to rely on its displacement. In 

practice, two effects come into play: the motion of 

the spacecraft and the intrinsic rotation of the nucleus, 

they relative importance depending upon the distance 

between the camera and the nucleus. In order to 

reproduce human vision with a stereoscopic base of 7 

cm, the typical distance between our two eyes, 

suitable pairs of images were selected on the basis of 

the parallax between the two images of ≈2° (in 

practice, we allowed a range of 0.5° to 4°). After 

thresholding and rotating the images to bring their 

relative displacement horizontal, the anaglyphs were 

created using the StereoPhoto Maker software in the 

standard red/cyan system: left image in red and right 

image in cyan (green+blue). An example is given in 

Fig. 1. Each anaglyph is documented by a set of 17 

parameters which provide the contextual information. 

In addition one image of each anaglyph is projected 

on a 3D model of the nucleus [2] to show its location. 

At time a writing, 1400 anaglyphs have been 

produced and are accessible on a dedicated website: 

https://rosetta-3dcomet.cnes.fr/. It is estimated that a 

total of 3000 to 4000 anaglyphs could be produced 
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once the whole set of NAC images has been 

scrutinized. 

 

Figure 1: An example of anaglyph offering a 

dramatic perspective view over both the small lobe 

(Bastet and Maat) and the neck (Hapi) 

3. Application to the detection of 

deep ice pits 

Bright features are ubiquitous on the nucleus of 

comet 67P/Churyumov-Gerasimenko and are often 

interpreted as ice patches [3]. Evidences of the 

presence of sub-surface ice are only indirect based on 

the activity of the comet [4]. Several high-resolution 

anaglyphs of our catalog provide for the first time 

direct evidences of sub-surface ice at the bottom of 

three deep pits, so-called “ice pits”, see Fig. 2 for an 

example (pit “A”). This pit has an elliptical shape 

with overall dimensions of 15x19 m. A stereographic 

reconstructions has yielded a depth of 47 m. The 

bright patches at the bottom of the pits have spectral 

reflectivity spectra conspicuously different from the 

surrounding terrains with shallower spectral slopes. 

The implied “blue” color together with the large 

reflectivity are indicative of material enriched in 

water-ice. This particular pit “A” has been associated 

with the highly collimated jet #14 listed by Vincent 

et al. [5]. 

 

 

Figure 2: Anaglyph of pit “A” located in the Khepry 

region of the big lobe. 
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