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Introduction:  The focus of this work is to process 

the Dawn Framing Camera (FC) multi-band data for 
Vesta to improve spatial, spectral, and photometric ac-
curacy and create global clear and 7-color mosaics at the 
best resolution possible (using images at ~60 m/pixel 
acquired during the High Altitude Mapping Orbit 
phase). Our end goal is to investigate two science ques-
tions: 1) model and constrain the anomalous photomet-
ric behavior of Vesta’s surface using FC clear and color 
images, 2) investigate the effects of space weathering on 
the regolith using protocols successfully applied to other 
basaltic bodies in the Solar System (e.g., Moon). 

Vesta Shape model: We built an updated version of 
the shapemodel of Vesta with stereophotoclinometry 
(SPC) using all the FC clear filter data from the Vesta 
phase. We improved as many artifacts as possible that 
were located in craters. We generated new SUMFILES 
and new SHAPE.txt containing the Vesta shapemodel 
that we converted to a new version of a Digital Shape 
Kernel (DSK) SPICE kernel (.bds) using NAIF routines. 
From the SPC, one SUMFILE is generated for each im-
age and contains a summary of the results for the SPC 
solution with updated ephemeris for camera pointing 
(CK) and position of the spacecraft (SPK) and list of all 
the landmarks detected in the image. The ephemeris 
contained in the SUMFILE can be used to update the 
instrument pointing and spacecraft position in the cor-
responding ISIS image cube. This approach applies 
Gaskell’s global control network solution derived from 
SPC processing to ISIS image data for better image-to-
image registration. 

Registration of color images: We started with reg-
istration of color images from HAMO2 cycle 6 (1957 
images). We prepared the images to register using the 
routine PROCESS_IMGC and created new SUMFILEs 
using the routine MAKE_SUMFILESC. We first tested 
the registration of color images by running a few images 
with the routines REGISTER (rough alignment of the 
image with the topographic map of reference) and 
AUTOREGISTER (to align image on landmarks accu-
rately. For a given image, AUTOREGISTER adds de-
tected landmarks in the SUMFILE and update position 
of the image in the SUMFILE after applying auto-align-
ment. During this process, we check the quality of the 
correlation with the landmarks and remove poorly cor-
related landmarks from the list in the SUMFILE. We 
tested the routine AUTOREGISTER in batch mode and 

did not use REGISTER as the images are already match-
ing the shape model well and we only need to refine the 
registration with AUTOREGISTER. Then we used this 
routine in parallel mode to process images faster for all 
the HAMO2 color data. Clear filter images used to build 
the shape model are already well registered between 
each other and to the shape, so there is no need to use 
this routine. We used all their SUMFILEs along with the 
IAU shape model as a basis for the color images regis-
tration. The use of ephemeris data from the SUMFILEs 
for all the FC images will allow for better image-to-im-
age registration. We will test the registration we ob-
tained for the HAMO2 dataset. But, in case the registra-
tion is not sufficient, we already investigated another 
potential method of registration of the color images. Re-
cently, ISIS routines for feature-based matching based 
on OpenCV algorithms that are open source have been 
implemented and already used successfully for 
MESSENGER images [1]. 

Updated ephemeris: In order to use the 
SUMFILES created during the construction of the 
shapemodel (for clear images) or created by registering 
to the clear images (for color images) to update the SPK 
and CK kernels (spacecraft position and pointing), we 
implemented a new routine in ISIS called sumspice. 
This process involves updating the pointing of the in-
strument and position of the spacecraft from the con-
tents of the SUMFILE directly in the ISIS image cube 
files. Since the pointing and position are updated by 
SPC techniques that are used to generate the shape 
model, the revised ephemeris in the SUMFILEs should 
improve individual image geometry and correlate 
highly with the SPC shape model. This application is 
used instead of the more difficult and error prone pro-
cess of creating CK and SPK kernels using NAIF pro-
grams. However, sumspice was initially developed for 
Hayabusa AMICA images and the timing in their SUM-
FILEs corresponds to the middle time of the images. For 
the Dawn FC images the timing is the start time so we 
implemented changes in the routines to make the SUM-
FILEs useable for FC images. 

Shape model in DSK format: The updated Vesta 
shape model in ICQ (implicitly connected quadrilateral) 
format in a text file was converted it to DSK format 
(.bds) using the NAIF routine MKDSK, and also con-
verted the DSK to an ISIS cube format using the ISIS 
application dsk2isis. To fully utilize the new DSK shape 
model, direct support for the DSK format was added to 
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ISIS. This addition greatly improves geometric quality 
of the image dataset because of existing problems with 
the current ISIS DEM implementation to orthorectify 
and reproject Dawn FC images. For example, some ar-
eas in the projected image mosaic were missing (pixels 
set to null instead of showing reflectance values) be-
cause ISIS eliminates real data beyond the ellipsoid and 
at extreme topography changes, and introduces artifacts 
in areas of occlusions. The DSK format allows the rep-
resentation of the shape as a collection of triangulated 
plates. This allows for more precise definition of the 
shape and fewer artifacts when building an image mo-
saic. By using the DSK for defining the shape, we can 
have a more complete mosaic of the surface of Vesta 
(for example at high emission angles). However, the 
processing is much slower (~200 images in 12h instead 
of 2000 processed) and still shows some issues during 
the projection step such as erroneous data in areas of oc-
clusions or beyond the limb. 

Dawn FC color data calibration and mosaicking: 
To check quality of image-to-image registration we cre-
ated an average mosaic for each filter (computing an av-
erage using all the images for a specific filter for each 
pixel), the sharper the surface features appear the better 
the registration is (Fig. 1). In addition, to evaluate the 
registration of the images relative to the shape model we 
extracted the coordinates of the middle point in all color 
frames and computed the local incidence and emission 
angle for the all the pixels in the unprojected frames. We 
did this using the color images and SPICE kernels from 
the PDS for HAMO2, and we will also do these three 
tests after including the HAMO1 color data. The same 

processing will be applied again on the same image da-
taset once we update the instrument pointing and space-
craft trajectory of the FC color images from the SUM-
FILEs using the ISIS routine sumspice. We will then 
check if the registration is improved after applying up-
dates from the SUMFILEs by comparing the results of 
these tests. 

For the calibration of the FC images available in the 
PDS Small Bodies Node, we converted them to I/F to 
be able to use them for photometric modeling and anal-
ysis. We implemented a Bash script that can convert the 
level 1B clear and color data to I/F taking into account 
the distance from the Sun and calibration factor pub-
lished in previous work by the Dawn team. 

Conclusion: We produced an updated shape model 
derived from stereophotoclinometry and started regis-
tering the FC color frames to this shapemodel. We will 
test the quality of the color image registration. We will 
also apply photometric correction of the Dawn FC im-
age thereby removing the effect of illumination condi-
tions, which is necessary for accurate compositional 
analysis. Our primary data product will be archived in 
the PDS: a color mosaic of Vesta with orthorectified 
data (topographic distortions and camera distortions re-
moved) in units of reflectance (I/F). Intermediate data 
products such as seven-color stations will also be deliv-
ered to the PDS. 
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Figure 1: Average mosaic for F8 filter (438 nm) with HAMO2 color data in simple cylindrical projection centered at 0 longitude. 
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