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Introduction: We present a technique to create a 

digital shape kernel (DSK) for 2014 MU69, nicknamed 
Ultima Thule (Fig. 1), for use with New Horizons Long 
Range Reconnaissance Imager (LORRI) and Multi-
spectral Visible Imaging Camera (MVIC) images. This 
technique was created in preparation for images ac-
quired during the New Horizons Ultima Thule flyby. 

We will create the DSK from a shape model of Ul-
tima Thule, derived using stereopairs acquired by 
LORRI and MVIC cameras on the Ralph instrument. In-
itial images are available, as of January, 2019, and ad-
ditional images are planned to be downlinked from the 
New Horizons spacecraft by the end of February, 2019. 
 

 
 
Figure 1: The Kuiper Belt Object (KBO) Ultima (bot-
tom right, ~19 km diameter) and Thule (top left, ~14 
km diameter). The LORRI image ID used for this fig-
ure is 0408624825. 
 

DSKs are used to enable SPICE application, and 
provide shape information to accurately process and 
project images acquired from spacecraft cameras. This 
processing, in turn, allows for accurate geometric meas-
urements of planetary surfaces for irregular bodies to be 
taken for scientific analyses. The DSK will be made 
publicly available through the Planetary Data System 
(PDS) to use with the NASA Navigation and Ancillary 
Information Facility (NAIF) SPICE toolkit [1] and the 
Integrated Software for Imagers and Spectrometers 
(ISIS) [2].  

 
 

Figure 2: Flowchart summary of process to create an Ultima 
Thule digital shape kernel (DSK) and shape model. This 
methodology will utilize applications provided in the SPICE 
toolkit [1], the Integrated Software for Imagers and Spec-
trometers (ISIS) [2], Ames Stereo Pipeline (ASP) [3], and the 
Ceres Solver [4].  
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Methodology: Our technique includes processing 
two stereopair images at a time (Fig. 2). These images 
will first be processed with ISIS using existing SPICE 
kernels. This step allows for more accurate matches to 
be made between images using automated detection in 
later steps with Ames Stereo Pipeline (ASP) [3]. Be-
cause Ultima Thule is an irregularly shaped body, we 
will use realignment methods that do not require map 
projecting the images. This method will reduce spatial 
distortion, allowing for easier matching of features and 
locations between the two images. 

Bundle adjustment will be performed using the 
Ceres Solver [4] in ASP. This step allows for the adjust-
ment of camera pointing information based on apparent 
locations of surface features in the two images. Bundle 
adjustment allows for even more accurate alignment of 
the images for better matching of the same features and 
locations. Match points will be made using an auto-
mated process. If needed, manual match points will be 
made to allow for better registration between images us-
ing the stereo_gui application in ASP. 

The amount of parallax distortion of features in each 
image will be used to create a three-dimensional point 
cloud, using applications in ASP. We will then align all 
pair-wise created point clouds into a single point cloud. 
To conduct this process, we will use the pc_align appli-
cation in ASP. 

The point cloud will then be used to create a large 
scale digital elevation model (DEM), and then a shape 
model mesh. The generated shape model will be pro-
vided in the form of a .OBJ file (a geometry definition 
file). We will then adjust the shape model dimensions 
so that they match the known radii of Ultima and Thule. 

Locations in the shape model that are outliers, and 
therefore inaccurate estimates of surface elevation, will 
be removed from the shape model. The shape model 
will then be converted into a DSK using the SPICE 
toolkit application MKDSK [1]. 

To prepare for the arrival of Ultima Thule stereopair 
images, we tested our method on a stereopair of similar 
quality for Itokawa (Fig. 3). To conduct this test, we 
used Hayabusa Asteroid Multi-band Imaging Camera 
(AMICA) stereopair images st_2490253205_v and 
st_2493031594_v. 

 
Discussion: Ultima Thule exhibits a surface that 

may exhibit a large variation in albedo. This type of al-
bedo variation causes a large error in shape-from-shad-
ing (photoclinometry) techniques [5]. Therefore, we 
will apply shape-from-shading methods in regions with 
low variations in surface albedo when deriving a DSK 
of Ultima Thule. 

The DSK generated from this method can be used to 
more accurately process New Horizons images, and it 

can be used with the SPICE toolkit and with ISIS. The 
shape model produced can be used in a Geographic In-
formation System (GIS) software, including the Small 
Bodies Mapping Tool (SBMT) [6], and LORRI images 
can then be draped over this shape model for better vis-
ualization and more accurate measurements and anal-
yses of Ultima Thule surface features.  
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Figure 3: An example of a shape model created from our 
methodology, applied to the asteroid Itokawa. a) Point 
cloud of Itokawa shape model, created from Hayabusa 
Asteroid Multi-band Imaging Camera (AMICA) stere-
opair images st_2490253205_v and st_2493031594_v. b) 
An image of Itokawa’s surface, draped over the derived 
shape model. Note that the body shown in a and b are 
different for illustration purposes.   
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