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Motivation:  Data usability is a critical barrier to 

high-quality scientific analysis and mission planning. 

This is especially true for targets in the outer Solar 

System, where exploration strategies often necessitate 

one or more flybys that commonly return data with 

highly variable illumination and resolution, and de-

graded knowledge of spacecraft position and pointing 

compared to orbital missions. Although images from 

these missions are publicly available through the Plan-

etary Data System (PDS), the data quality and inaccu-

racy in image positions make them impossible to use 

without substantial data processing. This creates a bar-

rier of entry for typical scientific users and limits the 

value of the dataset. 

Voyager 2 images of Triton are an “excellent” ex-

ample of low data usability. Voyager 2 returned 43 

images of Triton with a pixel scale of less than 2 

km/pixel (useful for geologic mapping). These images 

provide our only insight into Triton’s amazing surface 

geology, which includes terrain morphologies largely 

unknown elsewhere in the Solar System: the so-called 

cantaloupe terrain, extremely smooth plains, dark 

spots, and double ridges an order of magnitude larger 

than those observed on Europa [see, e.g., 1]. Unfortu-

nately, the data is challenging to use. Many of the Tri-

ton images include line-drops (lines of NULL pixels) 

and noise, and all include corner markers and camera 

reseaux, which were integrated into the Voyager Imag-

ing Science System. Several images also suffer from 

substantial camera blur. Perhaps even more critically, 

the relative location of images on Triton’s surface are 

inaccurate by as much as 300 km. This prohibits the 

user from simply downloading an overlapping set of 

images, minimally processing them, and using them 

for geologic analysis or mission planning. Although a 

“global” mosaic exists (https://astrogeology.usgs.gov/ 

search/map/Triton/Mosaic/Triton_Voyager2_Orthographic_

RGB_Mosaic_600m), it does not include all of the image 

data, and image resolution is degraded in some areas. 

In short, the Voyager 2 images are unusable without 

substantial processing. 

Yet, the images are highly valuable. NASA’s New 

Horizons flyby of Pluto has ignited interest in Kuiper 

Belt Objects (KBOs), and new missions to Triton, 

which is now recognized as a captured KBO, have 

recently been proposed [2]. To support comparisons 

between the Triton and Pluto, and to better understand 

Triton’s geology specifically, a geologic map of Triton 

is currently in production [3]. To support this mapping 

effort, we are improving the usability of Voyager 2 

images of Triton. This effort is divided into two tasks: 

improving image quality and updating image locations.    

Image Quality: We use the Integrated Software 

for Imagers and Spectrometers (ISIS3) [4, 5] to pro-

cess 41 Triton images to a radiometrically calibrated, 

“clean” level 1 state (two other images were crescents 

and not included). To do so, we first ingest the data, 

add reconstructed SPICE kernels, and perform the 

standard Voyager 2 radiometric calibration. We then 

use ISIS’s standard tools to identify and replace re-

seaux marks with NULL pixels. We then apply a series 

of small-window (typically 3x3) lowpass filters on the 

NULL pixels to “fill in” the data gaps. Masking is 

used to replace corner marks and bad pixels by 

NULLs, and these are again filled in with a lowpass 

filter. Image blur remains a problem on some images, 

and reducing or removing it remains for future work. 

Image Locations: Given the low resolution of the 

images, the challenging illumination conditions (high 

incidence and emission), and the extremely inaccurate 

initial image locations, we found that dense, feature-

based matching approaches resulted in a substantial 

number of false matches and a poor bundle solution. 

We therefore adopted an alternative approach that uses 

an extremely sparse network and area-based matching 

to perform initial control. The sparsity of the network 

permitted us to visually confirm every tie point match. 

Tie points were manually added for images in which 

automated matching failed (often due to incorrect a 

priori overlap information and the low resolution of 

the data) or where the tie-point sparsity lead to poor 

control. The final network includes just 454 points and 

1794 measures. Bundle adjustment provided a solution 

with relatively low residuals (σ0 =0.4) such that image 

locations are now accurate to within a few kilometers 

(a few pixels).  

New results and old comparisons: Our control 

solution provides high-quality image locations for all 

Triton images with scale less than 2 km/pixel (Fig. 1). 

Having updated all the image locations enables the use 

of higher resolution images (where available) com-

pared to the existing global mosaic (Fig. 2). All of the 

data works together, and the user can select the best 

data for their particular analysis. 
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Comparison between our control solution and the 

pre-existing mosaic reveals a systematic offset in lati-

tude and longitude between the two. Our new image 

locations are shifted -1.5o ± 0.2o in longitude, and 0.1o 

± 0.2o in latitude compared to the reference system 

used in the pre-existing mosaic. That is, a given point 

on the surface of our mosaic has a latitude/longitude 

slightly southeast of the same point in the previous 

mosaic. Triton’s geodetic coordinate system is not 

currently tied to any specific feature, and instead is 

based on astronomical observations of Triton’s pole 

and prime meridian [6]. Additional work is required to 

understand why the two mosaics differ and which, if 

either, is consistent with the IAU defined coordinate 

system [7]. 

Data availability: The improved images (quality) 

and c-kernels (location) will be made available to the 

public through the USGS Astropedia data portal 

(https://astrogeology.usgs.gov/search?pmi-target=mercury) 

before October of 2020. Once downloaded, the images 

will be immediately ready for use in Geographic In-

formation System (GIS) software. The new “smithed” 

kernels will also become the default kernels within 

ISIS for users who wish to perform their own data 

processing. 

 

 
Figure 1: Mosaic (no photometric correction) of Voy-

ager 2 images of Triton using our updated image loca-

tions. A total of 41 images with scale better than 2 

km/pixel were included in our control network. Image 

reseaux, line drops, and corner marks have been re-

moved. The projection is identical to that of the pre-

existing mosaic: orthographic centered on 18o N, 15o 

E (-78o to 67o latatude, -102o to 106o E longitude). 

 

 
Figure 2: Example of the improved “usability” of the 

updated data set. With our new data (top), high-

resolution data can easily be layered on lower-

resolution images in a GIS environment, providing a 

more detailed view of the surface than that available 

from the original mosaic (bottom). Note that the two 

images (top and bottom) show identical regions cen-

tered at 20o N, 0o E. 
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