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Introduction:  Super-resolution is the process of 
improving spatial resolution from that of the original 
data source (or native) resolution. There are a variety 
of techniques that can be used to fuse these data sets; 
however,  a  trade-off  has  been  noted  between 
techniques  that  are  the  most  visually  appealing  and 
those that are most radiometrically accurate [1]. The 
technique  for  super-resolution  presented  here  is  a 
modification of an algorithm [2, 3] that was originally 
tested  successfully  using  multi-resolution  data  from 
the  Earth  orbiting  Advanced  Spaceborne  Thermal 
Emission  and  Reflection  Radiometer  (ASTER) 
instrument [4]. The spatial and spectral  resolution of 
ASTER  is  broadly  similar  to  the  Mars  orbiting 
Thermal  Emission  Imaging  System  (THEMIS) 
instrument  [5].  The  current  study  enhances  the 
THEMIS  thermal  infrared  (IR)  data  of  a  putative 
chloride deposit  using the instrument’s visible (VIS) 
data to create a radiometrically-accurate TIR dataset  
at  an  improved  spatial  resolution  of  36  m/pixel.  It 
provides an independent approach to traditional  sub-
pixel deconvolution techniques, and it can be used in 
the  search  for  small-scale  compositional  variations 
within the deposit and at its contacts with other units.

Chlorides:   Data  from  the  THEMIS  instrument 
led to the discovery of unique spectral  IR signatures 
postulated to be chloride deposits [6]. These are light-
toned,  located  in  topographic  lows  at  a  variety  of 
altitudes  and  have  spectral  signatures  that  are 
generally featureless with a negative slope in the IR. 
One way negative slopes can arise is from a material  
that  has  a  low non-unit  emissivity  across  the  entire 
spectral  range  coupled  with an incorrect  assumption 
of the maximum emissivity [6, 7]. Due to the unique 
spectral shape and the desire to better understand the 
small-scale stratigraphic relationship of the deposit to 
its  surrounding,  the  super-resolution  algorithm  was 
applied to these data.

Methods:  The  modified  super-resolution 
algorithm has been used on several  THEMIS images 
[2, 8]. Figure 1 shows the location of one of several 
previously identified putative chloride units (Site 1, or 
ROI  4944)  examined  in  this  work.  This  region 
contains the chloride spectral signature, shown in dark 
blue. It is co-located with light-toned deposits in the 
VIS  data  that  lies  within  a  local  topographic  low. 
Chlorides in this region are easily differentiated from 
their surroundings.

Linear  deconvolution [9],  a means of identifying 
pixel compositions in the TIR, was applied to both the 
original  and  super-resolved  data.  End-member 
selection was done using both image and laboratory-
derived  data.  In  the  first  selection  method  (Figure 
2A),  end-members  were  selected  by  examining  the 
image  in  the  VIS  and  TIR,  as  well  as  through 

Decorrelation  Stretch  (DCS)  images  and  selecting 
end-members with the greatest apparent difference. In 
the  second  method  (Figure  2B),  clusters  created 
during the super-resolution process were used as end-
members.  In  the  final  method,  a  library  created  by 
laboratory analysis of samples was used to select end-
members.

Initial  Results:  The  end-member  maps  derived 
from  the  linear  deconvolution  of  both  the  super-
resolved and original data show similar patterns in all  
three  methods  of  end-member  selection  (Figure  3). 
The  method  of  selecting  end-members  based  on 
clustering  within  the  super-resolution  algorithm 
produces  results  similar  to  manually  selecting  end-
members from an image or from a library.  Figure 3 
shows  all  six  cases,  with  the  end-members  most 
associated with the chloride unit shown in blue.  The 
chloride  unit  is  frequently  associated  with  only  a 
single end-member. In the case of the cluster-derived 
end-members, the chloride unit was associated with 2 
end-members, one of which was also associated with 
adjacent light-toned units.

Conclusions:  The  super-resolved  images  are 
crisper and have a more visually pleasing appearance 
than the original resolution data. As part of the super-
resolution  process,  a  significant  amount  of  linear 
noise present within the original data is minimized as 
well,  also  leading  to  a  more  pleasing  appearance. 
While both the original and super-resolved data show 
similar  results in end-member  maps created  through 
linear  deconvolution,  the  super-resolved  data  shows 
the border  of the putative  chloride to be a less-well 
defined area,  with exposures of surrounding material 
located  within  apparently  pure  original  resolution 
data.  Prior  to  super-resolution,  these  smaller 
exposures represented too small  a percentage of any 
given  TIR pixel  for  detectability.  The smaller  pixel 
size  increased  the  percentage  of  these  exposures, 
including  pixels  that  are  exclusively  from  the 
surrounding  terrain  surrounded  by  putative  chloride 
deposits. The location of the exposures in the super-
resolved data are collocated with lower albedo areas 
seen in HiRISE and CRISM data.
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Figure 1. Site  1,  shown with  North  up.  The region  of 
interest is shown as a black rectangle, and the location of  
THEMIS VIS scenes as white rectangles. The colors strip  
is a THEMIS DCS with THEMIS IR bands 8 / 7 / 5. The  
image center is near 180.5° E, -27.25° N. 

Figure  2. Spectra  used  as  end-members  for  linear 
deconvolution. Spectra are plotted to the same Y axis in  
both cases  (A) Spectra selected from the image exhibit a 
broadly  similar  pattern;  averaged  spectra  are  shown 
between the two general trends. The spectrum associated 
with the chloride unit  is  distinctly  different.  (B) Cluster 
centers created during the super-resolution process.

Figure 3. End-member contribution to the model spectra 
of Site 1. (A) Original resolution data, with end-members 
derived  from  the  image.  End-member  ROI-4944-1  & 
ROI-4944-2  average  is  shown  in  Red,  ROI-4944-4  & 
ROI-4944-5  average  in  Green,  and  ROI-4944-3 
(associated  with  the  chloride  unit)  in  Blue.  (B) Super-
resolved data, with end-members derived from the image 
as in (A). (C) Original resolution data, with end-members 
based  on  cluster  results  from  the  super-resolution 
algorithm. The end-members are shown as ROI-4944-B in 
Red,  the  sum  of  ROI-4944-C  and  ROI-4944-E  are  in 
Green,  and the sum of ROI-4944-A and ROI-4944-D in 
Blue.  (D) Super-resolved  data,  with end-members  based 
on cluster results from the super-resolution algorithm, as 
in  (C)  (E) Original  resolution  data,  with  end-members 
from a spectral library. Surface Type 2 is shown as Red,  
the  Blackbody  end-member  is  shown  in  Green,  and 
Chloride is shown as Blue.  (F)  Super-resolved data, with 
end-members derived from the image as in (E).
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