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Introduction: Prior to spacecraft exploration, 

ground-based observations of Jupiter’s moon Europa 

revealed that the surface had the spectral signature of 

water ice [1,2]. Later observations, by the Voyager and 

Galileo spacecraft, have shown that the surface can be 

divided up into two main geological and colorime-

tric/spectral units [3]. Most of the surface has a bright, 

whitish color that is attributed to relatively pure water 

ice. However, various geological features such as 

ridges and chaotic terrain, as well as some impact cra-

ters, have a darker, reddish color associated with some 

non-ice component. Spectral models based on data 

from the Galileo spacecraft’s Near-Infrared Mapping 

Spectrometer (NIMS) instrument suggest two primary 

candidates for the composition of the non-ice material: 

salts such as sodium and magnesium sulfate hydrates 

[4,5] or sulfuric acid hydrate and associated materials 

[6, 7]. Most models assume that the non-ice material is 

endogenic in origin, but some investigators have sug-

gested that exogenic processes may also play a role [8, 

9, 10], such as radiolysis of sulfur products ejected 

from Io and implanted on Europa’s surface.  

Most spectral models to date have focused either 

on NIMS data, or on broad conclusions from Galileo 

Solid State Imager (SSI) color data. We are currently 

combining the SSI and NIMS datasets, by performing a 

scattered light correction to provide a quantitative cali-

bration to the SSI color data to allow for direct com-

parisons with NIMS. Our preliminary work shows in-

teresting results that can come from the broad wave-

length range of the combined dataset, and also illu-

strates the importance of the scattered light correction.  

Scattered Light Correction: The most important 

and most difficult issue to address in the analysis of 

multispectral SSI data entails using thorough calibra-

tions and a correction for scattered light [11] to allow 

for quantitative comparisons with NIMS. Early in the 

Galileo mission, studies of the Galileo SSI data for the 

moon revealed discrepancies of up to 10% in relative 

reflectance between images containing scattered light 

and images corrected for scattered light. Scattered light 

adds a wavelength-dependent low-intensity brightness 

factor to pixels across an image [12]. For example, a 

large bright geological feature located just outside the 

field of view of an image will scatter extra light onto 

neighboring pixels within the field of view.  Scattered 

light can be seen as a dim halo surrounding an image 

that includes a bright limb, and can also come from 

light scattered inside the camera by dirt, edges, and the 

interfaces of lenses. Technically, internal scattering and 

glare results in a “scattered light” component, while 

light from beyond the field of view of the particular 

image is called “stray light”. We will combine the two 

sources into one component that we call scattered light 

for convenience. 

Because of the wavelength dependence of this ef-

fect, a scattered light correction must be performed on 

any SSI multispectral dataset before quantitative spec-

tral analysis can be done. We are using a modified ver-

sion of the procedure described previously [12,13]. 

The process involves using a point-spread function for 

each filter that helps determine the amount of scattered 

light expected for a given pixel based on its location 

and the model attenuation factor for that pixel. To re-

move scattered light for a particular image taken 

through a particular filter, the Fourier transform of the 

attenuation function, which is the point spread function 

for that filter, is convolved with the Fourier transform 

of the image at the same wavelength. The result is then 

filtered for noise in the frequency domain, and then 

transformed back to the spatial domain. This results in 

a version of the original image as it would have ap-

peared with the inclusion of light lost due to scattering.  

For images that do not contain the whole disk, i.e. 

high-resolution color images, we must compensate for 

the stray light component as well by mosaicking each 

individual frame into a lower resolution context image 

(Figure 1). The context image contains features just 

outside the scene captured in the individual frame. This 

is a particularly labor intensive portion of the image 

processing, as each individual image must be mo-

saicked onto a specially prepared piece of context. 

Test Case: We have used the Galileo SSI obser-

vation E15Cilix01 as our test case. This observation, at 

a resolution of about 110 meters per pixel, is one of the 

higher-resolution Galileo SSI color datasets, and in-

cludes images taken with the 0.968 micron, green, and 

violet filters.  

To create the context images we first find a con-

text image at lower resolution that covers the back-

ground area, and reproject the context image to the 

same projection as each unreprojected higher-

resolution color image. Then we cut out a 1600x1600 

pixel context image for each individual mosaic sub-

frame in each individual filter band. The context image 

must be twice as large as the input 800x800 pixel Gali-

leo SSI subframe. We mosaic each subframe onto its 

context image (Figure 1), adjust the brightness and 
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contrast of the context image to match the color image 

as closely as possible, and then perform the Fourier 

transforms as described above. We then unmosaic each 

subframe from the context frame, and finally can pro-

ceed to build up a color mosaic with a full scattered 

light correction.  
Figure 1: Green 

frame of 

E15Cilix01 on 

context image 

 

Subtle variations 

are visible in the 

uncorrected and 

scattered light 

corrected im-

ages, as seen in 

Figure 2. Over-

all, our prelimi-

nary results show that we had a net increase in bright-

ness in both the bright and dark regions of the image, 

but that the brightness increase varied across terrain 

types. See Table 1 for more information. Once we have 

completed scattered light corrections of many more 

observations, we will be able to provide more robust 

estimates and statistics on the results of the scattered 

light correction.   

 

  
Figure 2: E15Cilix01 uncorrected (left) and  

corrected (right). These color images display NIR  

as red, green as green, and violet as blue. 

Our preliminary results indicate that accounting 

for the effects of scattered light is an important step in 

the final quantitative calibrations of these color images. 

The variation in brightness increase for different terrain 

types is consistent with the expected results in which 

the darkest regions of the image are particularly af-

fected by the scattering of light out of the field of view, 

and the non-linear results mean that we can not just use 

a blanket brightness adjustment across the whole image 

to correct for scattered light; we must use the complete 

process as described here.  

We are still verifying the final calibrations to per-

form quantitative comparisons to determine the percent 

change in pixel values before and after the scattered 

light correction, and are also testing two different me-

thods of performing the calibration to optimize accura-

cy, speed, and ease of use.  

Color Image  

Filter 

% change in 

bright terrains 

% change in 

dark terrains 

NIR (0.968 µm) +45.5% +2% 

green +19.5% +23% 

violet +35.5% +37.5% 

Table 1: Brightness change in each filter of E15Cilix01  

following the scattered light correction 

We have extracted spectra of the bright and dark 

regions of our test observation (Figure 3). For a typical 

point on the bright and dark terrains of the image, we 

see a different spectral shape. While our conclusions 

are still preliminary, we do see features, particularly in 

the dark terrain. Since the spectra of hydrated salts and 

sulfuric acid hydrate are relatively flat in this wave-

length range, our results indicate that another compo-

nent besides salt hydrate or sulfuric acid hydrate must 

be present. As our work continues, combining the SSI 

and NIMS data will allow us to constrain the spectral 

behavior of this candidate material, providing guidance 

as to what it might be. 

 
Figure 3: Spectra extracted from corrected E15Cilix01 

bright and dark terrains, plotted vs. arbitrary brightness 

 

Future work:  As we finalize our scattered light 

correction procedure and begin to produce results, we 

will compare them with the despiked and recalibrated 

NIMS observations.  We plan to present results of our 

comparisons of E15Cilix01 and other SSI color obser-

vations in our scattered light correction image 

processing pipeline with NIMS observations.  
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