
Standard Processing for THEMIS
Infrared Images



Processing Steps

• UDDW
• Rectify
• Deplaid
• Auto-radcorr
• Unrectify

These processing steps remove artifacts, partially
correct for atmospheric absorptions, and make
large images easier to work with





UDDW (Undrift-Dewobble)

• UDDW accounts for changing focal plane
temperatures (mK!) during image acquisition
– T drift due to warm/cold Mars
– T drift due to direct solar heating of THEMIS
– T ‘wobble’ due to THEMIS temperature controller
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UDDW (Undrift-Dewobble)

• Cautions:
– UDDW uses atmospheric band 10 data for

correction
• B10 ‘sees’ the surface at high elevations

(Ex. Olympus Mons – I04848014)
• Atmospheric temperature variation is only accounted

for generically using TES year 1 data.

– Care should be taken during dusty seasons, at
high elevations, and crossing the polar vortex
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Rectify / Unrectify

• Rectify ‘squares’ a projected THEMIS image
– This is necessary for deplaid to work
– Rectified images are generally compressed by a

factor of 3-8 over no compression
– Processing on rectified images is much faster and

sometimes necessary because of memory issues
– Unrectify uses ISIS header/suffix information to

reverse the rectify process
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Deplaid

• Deplaid removes line and row correlated noise
– This noise shows up as color stripes in DCS images
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Deplaid

• Cautions:
– Uses spectral information for filtering

• 10 band images are much more effective
than 3 band images

– Must be used with rectify
• Curvature in long / high latitude images will

cause problems
Ex. I08516002 (15,000 line image)



Radcorr

• Radcorr/Auto-Radcorr removes atmospheric
emission and secondary scattering
– This allows comparison of emissivity of surfaces of

different temperatures in 10 band images
– More on this later…
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Radcorr

• Cautions:
– Little to no effect will be seen in non-

emissivity images
– Only works with 10 band images

• Radcorr has no effect on less than 10 band images
– Look for topographic features in emissivity

images to test the effectiveness!
– Radcorr may not work well in images with

little temperature variation
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THEMIS Data Web Interfaces

• THEMIS Data Web Pages

• THEMIS Processing Web Interface



THEMIS Data Web Pages

• Preprocessed images are available for quick
browsing

• 10-Band average temperature > 220K
– Band 875, 964, 642 DCS images plus surface

temperature

• Other images
– Band 9 brightness temperature
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• Processing steps for 4-panel images:
– UDDW, Rectify, Deplaid, Auto-radcorr,

Running std. deviation stretch / Running DCS

– Color filtering, running ‘tilt’ removal
(soon available on processing website)

THEMIS Data Web Pages
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List of THEMIS
IR Images

Image Processing
Steps

Projection and
Cropping Options

Output band
selection, data
type, and image
format











Science With THEMIS IR Data

• Atmospheric correction / Spectral unit
mapping

• Using THEMIS spectral data – Deanne
Rogers

• Using THEMIS for thermophysical
properties – Robin Fergason



Atmospheric Correction / Spectral
Unit Mapping

• Three stages of processing:
– Atmospheric emission removal (radcorr)

– Atmospheric attenuation correction

– Spectral unit mapping with deconvolution



Atmospheric Correction / Spectral
Unit Mapping

• Three stages of processing:
– Atmospheric emission removal (radcorr)

– Atmospheric attenuation correction

– Spectral unit mapping with deconvolution



Atmospheric Emission Removal

• IR radiance measured by THEMIS:

Rmeas = BBsurf · εsurf · e-τatm + (Ratm + Rscatt)

• Radcorr removes (Ratm + Rscatt)

– This greatly simplifies atmospheric correction
removing the need for temperature profiles, etc…



Atmospheric Emission Removal

• Radcorr is a non-linear least-squares
algorithm
– Uses many THEMIS pixels of similar emissivity, but

differing temperatures to solve for atmospheric
emission (Ratm + Rscatt)

– Auto-radcorr performs this function
automatically without user input



I10845006
Band 5 Emissivity

RadcorrRadcorrNo No RadcorrRadcorr  



I01221005
Band 654 DCS Emissivity

RadcorrRadcorrNo No RadcorrRadcorr  B9 RadianceB9 Radiance



Atmospheric Emission Removal

• Ratios of different surface apparent emissivities
represent the true ratios of surface emissivity

• Atmosphere must be constant between surfaces!
– Not valid with large topographical differences
– Not valid with variable water ice clouds



Atmospheric Correction / Spectral
Unit Mapping

• Three stages of processing:
– Atmospheric emission removal (radcorr)

– Atmospheric attenuation correction

– Spectral unit mapping with deconvolution



Atmospheric Attenuation Correction

• After radcorr THEMIS radiance can be modeled as:

Rradcorr = BBsurf · εsurf · e-τatm

• τatm is obtained for large scales (>10 x 10 km) using εsurf
obtained from TES data

τatm = -ln(Rradcorr / (BBsurf · εsurf))

• εsurf from THEMIS is then obtained from individual pixels

εsurf = Rradcorr / (BBsurf · e-τatm )
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Atmospheric Attenuation Correction

• Cautions:
– Atmospheric variability must be minimal

within the area of interest

– Variable water ice will cause apparent surface
emissivity variations

– Variable topography will also cause problems

– Any errors in TES surface emissivity are
mapped into THEMIS surface emissivity!



Atmospheric Correction / Spectral
Unit Mapping

• Three stages of processing:
– Atmospheric emission removal (radcorr)

– Atmospheric attenuation correction

– Spectral unit mapping with deconvolution



Spectral Unit Mapping

• Deconvolution of each THEMIS
pixel/spectrum using selected endmembers
– Iterative linear least-squares fit to surface

emissivity

• Resulting concentration images provide
spectral unit distributions
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Image List
10 Band Day Images: Night Images:
I01131009 I00958002
I01173002 I01043002
I01645007 I01380002
I01763002 I01489005
I01823003 I03941002
I02207005 I05462008
I02307005 I05514008
I08152027 I07044013
I08731001 I07743014
I08731007 I14261008
I08733005
I08734002
I10845006
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