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A Planetary Spatial Data Infrastructure (PSDI) 

for Enceladus:  PSDI is the collection of spatial data 
users, policies, access mechanisms, and the spatial data 
itself that enables effective application of spatial data 
to scientific problems [1]. For any body, a complete 
PSDI must include three foundational data products: 
geodetic control, topography, and orthorectified imag-
es [2]. These foundational products can be used in 
combination with other datasets to generate numerous 
higher-order spatial framework data. The PSDI must 
also include an assessment of the spatial efficacy of 
these datasets. In previous work we created a robust 
geodetic (photogrammetric – no ground is included) 
control network for Enceladus [3], providing one of 
the foundational product for an Enceladus PSDI. Here 
we describe our efforts to densify and utilize this con-
trol network to create a new global shape model (to-
pography) for Enceladus: a second foundational data 
product. Critical to this effort is an assessment of the 
regional variability in resolution and accuracy of the 
model (e.g., due to changing stereo conditions). Once 
completed, the shape model can be used to create an 
orthorectified image dataset where adequate resolution 
in the shape model exists. This effort is therefore cen-
tral to the development of a PSDI for Enceladus. 

Existing Global Topography Data for Encela-
dus: Previous global shape models of Enceladus have 
been produced from limb fits [4, 5], including spheri-
cal harmonic expansion of limb data to degree 8 [6] 
and 16 [7] (the latter also includes some photogram-
metric tie pointing). Regional or semi-global topogra-
phy has also been generated from stereo imaging, 
which provides higher resolution data, but over re-
gionally confined areas (up to 50% of the satellite) [8, 
9]. These topographic datasets are of high quality; 
however, they have their limitations. Those derived 
from limb data are global in extent but relatively low 
resolution (degree 16 can resolve features of order 100 
km), whereas those derived from stereo data alone are 
not global. Few of the current shape models, with the 
notable exception of [7], include a full assessment of 
the spatial distribution of uncertainties.  

The USGS Enceladus Geodetic Control Net-
work and Conceptual Approach to Shape Determi-
nation: Under a previous effort we constructed a 
global photogrammetric control network for Enceladus 
[3]. The network used 586 images of Enceladus and 
included 10,362 tie points and 173,704 individual im-
age measures. Least square bundle adjustment resulted 

in a root mean square residual of 0.45 pixel, corre-
sponding to ground point uncertainties of 66, 51, and 
46 m in latitude, longitude, and radius, respectively. 
This control network was used to update the NAIF 
SPICE (Navigation Ancillary Information Facility, 
Spacecraft, Planet, Instrument, C-matrix (pointing), 
and Events) pointing kernels (ck) for 621 Enceladus 
images.  

Shape from a dense photogrammetric control net-
work. The updated images form our previous network 
provide the basis for a new, high-density photogram-
metric control network that can be used to derive En-
celadus shape. In general, least square bundle adjust-
ment solves for the position of every tie point in three-
dimensional space. A sufficiently dense control net-
work therefore provides a point cloud (lat., lon., radi-
us) representing the shape of the body. The robustness 
of the shape model still depends on the availability of 
quality stereo in the dataset, but every image contrib-
utes to the local solution. The method combines the 
higher resolution capability of stereo methods but pro-
vides a global dataset.  

This general approach was successfully used to 
create the first global digital elevation model of Mer-
cury [10]. In that work, the ISIS3 [11] application find-
features was used to create an extremely dense control 
networks for Mercury MDIS (Mercury Dual Imaging 
System) data [10].  The findfeatures application uses 
the OpenCV feature-based matching algorithms for tie 
pointing, includes robust outlier detection, and is nu-
merically efficient [10]. Application of findfeatures to 
the Enceladus dataset resulted in a combined network 
with more than 2 million tie points, and 10 mission 
measures on 621 images (Fig. 1). Unfortunately, these 
numbers belie significant challenges with the findfea-
tures approach. The resulting network is not fully con-
nected, and instead consists of six independent “is-
lands.” The lack of connectivity results from a lack of 
“depth” [cf. 3]: many tie points connect only two im-
ages (two measures), even when there are many over-
lapping images that should be connected. In many cas-
es, only images with similar viewing geometries are 
connected, reducing the likelihood of adequate stereo.   
The application of findfeatures to datasets as challeng-
ing as the Cassini Enceladus imaging data [see 3] may 
require further development. 

Given these challenges, we have pursued an alter-
native approach to tie pointing (developed for Mars 
THEMIS data [12]) in which individual networks were 
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created for each of our 621 images. These networks 
included every overlapping image and consisted of a 
grid of tie points spaced 20 lines and samples apart. 
Tie point registration was performed using ISIS3’s 
area-based matching algorithm (via the pointreg appli-
cation), and then all 621 individual networks were 
combined into a single global network. The result was 
a fully connected network with 890,000 points and 38 
million measures (averaging roughly 1 point per 1.1 
km). Although less dense than the network derived 
from findfeatures, <<1% of the tie points have only 
two measures. It therefore (potentially) provides a 
more robust stereo solutions across Enceladus. Least 
square bundle adjustment of this preliminary network 
results in an average residual of ~0.6 pixels, but con-
tinued improvement to the network (outlier removal) is 
expected.  

 
Figure 1: Example of point distribution from findfea-
tures. Although a dense network can be created, fea-
ture-based matching is challenging, resulting in a dis-
connected network with poor stereo. 

  
The Preliminary Shape Model and Next Steps: 

We used the ISIS3 application cnet2dem to create a 
global shape model for Enceladus (Fig. 2 and 3) from 
our dense control network. Enceladus’ global triaxial 
shape is immediately apparent, as are the ridges and 
troughs around the south polar terrain (Fig. 2). Alt-
hough the “resolution” of the model is highly variable, 
closer inspection (e.g., Fig. 3) shows that surface fea-
tures (craters) as small as 7 km in diameter are clearly 
resolved, even when the degree 0-3 shape is not re-
moved.  

The shape model shown here is preliminary. We 
are continuing to improve the control network from 
which it is derived, and are working to determine the 

best approach to convert it to a shape model. Once 
these efforts have been completed, we will perform a 
robust analysis of the spatial variations in shape model 
quality (resolution and uncertainty). The shape model 
will be provided to the public via the USGS Imaging 
Annex. 
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Figure 2: The preliminary global shape model of En-
celadus (dark is low, bright is high). The dominant 
pattern reveals Enceladus’ triaxial shape, although 
other features (and noise) are evident. 
 

 
Figure 3: A portion of the shape model (left) and cor-
responding location on Enceladus (right) demonstrat-
ing that actual features (e.g., craters) can be detected. 
The red dot locates the same feature in each panel. 
Enceladus’ triaxial shape has not been removed. The 
clearly resolved craters are ~7 km in diameter.  
 

References: [1] Laura, J. R. et al. (2018) Earth 
Space Sci., 5, 486-502. [2] Laura, J. R. et al. (2017) 
ISPRS Int. J. Geo-Inf, 6, 181. [3] Bland, M. T. et al.  
(2018) Earth Space Sci., 5, 486-502. [4] Thomas et al. 
(2007), Icarus, 190, 573-584. [5] Thomas, P. C. 
(2010) Icarus, 208, 395-401. [6] Nimmo, F. et al. 
(2011) JGR, 116, E11001. [7] Tajeddine, R. et al. 
(2017) Icarus, 295, 46-60. [8] Schenk, P. M. and 
McKinnon, W. B. (2009) GRL, 36, L16202. Giese, B. 
et al. (2010) EPSC, 5, 675. [10] Becker, K. J. et al. 
(2016). LPSC 47, #2959. [11] Kestay, L. et al. (2014) 
LPSC 45, #1686. [12] Fergason, R. L. et al. (2013) 
LPSC, 44, #1642. 

1090.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)


