
Welcome	
  to	
  the	
  Mercury	
  Dual	
  Imaging	
  System	
  
(MDIS)	
  Data	
  Users’	
  Workshop!	
  

	
  
We	
  would	
  like	
  to	
  have	
  an	
  informal	
  se4ng,	
  with	
  ques8ons	
  and	
  

discussion	
  being	
  welcome	
  at	
  any	
  8me.	
  
	
  

Our	
  goal	
  is	
  for	
  you	
  to	
  leave	
  this	
  workshop	
  with	
  the	
  ability	
  to	
  start	
  
using	
  MDIS	
  data	
  in	
  your	
  current	
  and	
  future	
  research	
  projects.	
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Agenda	
  
1.	
  Overview	
  of	
  the	
  mission,	
  instrument,	
  and	
  imaging	
  campaigns	
  (~15	
  min.)	
  

	
  Nancy	
  Chabot,	
  Johns	
  Hopkins	
  University	
  Applied	
  Physics	
  Lab	
  
	
  
2.	
  MDIS	
  calibraHons	
  (~30	
  min)	
  

	
  Bre[	
  Denevi,	
  Johns	
  Hopkins	
  University	
  Applied	
  Physics	
  Lab	
  
	
  	
  

3.	
  Accessing	
  and	
  searching	
  for	
  MDIS	
  data	
  in	
  the	
  PDS	
  (~20	
  min)	
  
	
  Lisa	
  Gaddis,	
  United	
  States	
  Geological	
  Survey	
  
	
  	
  

4.	
  MDIS	
  data	
  in	
  QuickMap	
  (~20	
  min)	
  
	
  Erick	
  Malaret,	
  Applied	
  Coherent	
  Technology	
  Corpora8on	
  
	
  	
  

-­‐-­‐-­‐-­‐-­‐-­‐	
  Break	
  -­‐-­‐-­‐-­‐-­‐	
  (~15	
  min)	
  
	
  
5.	
  Using	
  MDIS	
  data	
  in	
  ISIS	
  	
  (~2	
  hrs)	
  

Kris	
  Becker,	
  Tammy	
  Becker,	
  and	
  Trent	
  Hare,	
  United	
  States	
  Geological	
  Survey	
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Website	
  
	
  
This	
  website	
  will	
  
have	
  all	
  of	
  the	
  
presentaHon	
  
materials	
  from	
  
today	
  posted.	
  
	
  
There	
  is	
  also	
  a	
  
contact	
  email	
  that	
  
will	
  stay	
  acHve.	
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hOp://messenger.jhuapl.edu/workshop2013/workshop.html	
  



1.  Overview	
  of	
  the	
  mission,	
  instrument,	
  and	
  
imaging	
  campaigns	
  	
  
	
  	
  
	
  Nancy	
  Chabot	
  
Johns	
  Hopkins	
  University	
  Applied	
  Physics	
  Lab	
  
MDIS	
  Instrument	
  Scien?st	
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Principal Investigator  
Sean C. Solomon, 
Carnegie Institution of Washington 

Science Team: 47 scientists from 
21 institutions 

Project Management: APL 

Spacecraft Development/
Operations: APL 

Propulsion: Aerojet 

Structure: Composite Optics 

Instruments: APL, Goddard Space 
Flight Center, University of 
Colorado Laboratory for 
Atmospheric and Space Physics, 
University of Michigan Space 
Physics Research Laboratory 

Team Members Sponsor 

NASA Headquarters 
Science Mission Directorate 

Discovery Program Office 

MESSENGER:  The Mission 
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Milestones	
  
ü 	
  	
  Launch 	
   	
   	
  	
   	
   	
   	
  	
   	
  3	
  Aug	
  2004	
  
ü 	
  Earth	
  Flyby 	
   	
  	
   	
   	
   	
  	
   	
   	
  2	
  Aug	
  2005	
  
ü 	
  	
  Venus	
  Flyby	
  1 	
   	
   	
   	
   	
   	
  24	
  Oct	
  	
  2006	
  
ü 	
  	
  Venus	
  Flyby	
  2 	
   	
   	
   	
  	
  	
   	
   	
  5	
  Jun	
  2007	
  	
  	
  
ü 	
  	
  Mercury	
  Flyby	
  1	
   	
   	
   	
   	
   	
  14	
  Jan	
  2008	
  
ü 	
  	
  Mercury	
  Flyby	
  2	
   	
   	
   	
  	
   	
  	
   	
  6	
  Oct	
  2008	
  
ü 	
  	
  Mercury	
  Flyby	
  3	
   	
   	
   	
   	
   	
  29	
  Sep	
  2009	
  
ü 	
  	
  Mercury	
  Orbit	
  Inser8on 	
   	
   	
   	
  18	
  Mar	
  2011	
  
ü  End	
  of	
  Orbital	
  Opera8ons	
  (primary) 	
   	
  17	
  Mar	
  2012	
  
ü  End	
  of	
  Orbital	
  Opera8ons	
  (extended	
  1) 	
  17	
  Mar	
  2013	
  
• 	
  	
  	
  ???	
  (proposal	
  for	
  extended	
  2	
  under	
  review)	
  
• 	
  	
  	
  	
  Longest	
  Possible	
  Mission	
  Dura8on 	
   	
  ~	
  Mar	
  2015	
  

MESSENGER:  The Mission 
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Ceramic 
cloth 
sunshade 

Low-mass, 
carbon fiber 
composite 
structure 

Three large 
custom 
propellant 
tanks 

Phased-
array  
high-gain 
antenna 

Solar panels are 
2/3 mirrors 

Custom 
aluminum 
launch vehicle 
adapter  

667-N bi-prop thruster 

Key Characteristics: 
•  1100-kg launch mass 
•  2300 m/s ΔV capable 
•  >720-W orbit power 3/17/2013	
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MESSENGER:  The Spacecraft 



MESSENGER:  
The Instruments 

MDIS: Mercury 
Dual Imaging 
System 
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7	
  instruments	
  +	
  
radio	
  science	
  



•  MDIS is a dual imaging 
system with two miniature 
cameras on a pivot 

•  Monochrome narrow-
angle camera (NAC) 

•  Multispectral wide-angle 
camera (WAC) 

•  Only one camera 
operates at a time, 
allowing them to share a 
common set of control 
electronics DPU	
  

Interface	
  
Switching	
  
Electronics	
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MDIS"
Narrow angle 

camera"
Wide angle 

camera"

Focal length" 550 mm" 78 mm"

Field of view" 1.5º x 1.5º" 10.5º x 10.5º"

Pixel FOV" 5 m at 200-
km altitude"

35 m at 200-km 
altitude"

Spectral 
range"

725 - 775 nm"
1 filter"

395 - 1,040 nm"
11 spectral filters, 

1 clear"

CCD" 1024 x 1024 Atmel (Thomson) TH7888A"

Pivot range" -40º to +50º"

The NAC is a 1.5° field-
of-view off-axis reflector, 
with 25 µrad/pixel, 
providing 5 m/pixel from 
200 km range 
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MDIS	
  Narrow-­‐angle	
  Camera	
  (NAC)	
  



The WAC is a four-
element refractor with a 
10.5° field-of-view; a 12-
position filter wheel is 
equipped with 11 narrow-
band color filters and 1 
clear filter for star imaging 

MDIS"
Narrow angle 

camera"
Wide angle 

camera"

Focal length" 550 mm" 78 mm"

Field of view" 1.5º x 1.5º" 10.5º x 10.5º"

Pixel FOV" 5 m at 200-
km altitude"

35 m at 200-km 
altitude"

Spectral 
range"

725 - 775 nm"
1 filter"

395 - 1,040 nm"
11 spectral filters, 

1 clear"

CCD" 1024 x 1024 Atmel (Thomson) TH7888A"

Pivot range" -40º to +50º"
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MDIS	
  Wide-­‐angle	
  Camera	
  (WAC)	
  



MESSENGER:  
The Orbit 

Highly	
  
ellip8cal,	
  
iner8ally	
  
fixed	
  orbit	
  

prime	
  mission	
  =	
  12	
  hr	
  orbit	
  
extended	
  mission	
  =	
  8	
  hr	
  orbit	
  

~15,000	
  km	
  	
  
al8tude	
  

~10,000	
  km	
  	
  
al8tude	
  

~200	
  km	
  	
  
al8tude	
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•  Mercury	
  rotates	
  1.5	
  Hmes	
  
for	
  each	
  of	
  its	
  orbits	
  
around	
  the	
  Sun.	
  

•  One	
  Mercury	
  solar	
  day	
  
(sunrise	
  to	
  sunrise)	
  takes	
  
TWO	
  orbits	
  around	
  the	
  
Sun:	
  176	
  Earth	
  days.	
  

•  A	
  one-­‐year	
  mission	
  at	
  
Mercury	
  only	
  has	
  two	
  
‘days’	
  to	
  work	
  with	
  for	
  
imaging	
  the	
  surface.	
  

•  0°	
  longitude	
  and	
  180°	
  
longitude	
  always	
  face	
  the	
  
Sun	
  when	
  Mercury	
  is	
  
closest	
  to	
  the	
  Sun.	
  	
  

Mercury’s	
  orbit	
  

Mercury’s	
  3:2	
  Spin:Orbit	
  
Resonance	
  

SUN 
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•  0°	
  longitude	
  and	
  180°	
  
longitude	
  always	
  face	
  
the	
  Sun	
  when	
  Mercury	
  
is	
  closest	
  to	
  the	
  Sun.	
  	
  

• MESSENGER	
  is	
  always	
  
near	
  a	
  dawn-­‐dusk	
  orbit	
  
when	
  closest	
  to	
  the	
  
sun.	
  

Mercury’s	
  orbit	
  

SUN 
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MESSENGER:  
The Orbit 

dawn-­‐dusk	
  orbit	
  
(TA	
  147°,	
  327°)	
  

noon-­‐midnight	
  
orbit	
  (TA	
  57°,	
  237°)	
  

Highly	
  
ellip8cal,	
  
iner8ally	
  
fixed	
  orbit	
  

•  Different	
  illuminaHon	
  
condiHons	
  complicate	
  
imaging	
  the	
  surface.	
  



• MESSENGER's	
  orbit	
  has	
  a	
  large	
  influence	
  on	
  MDIS	
  
imaging	
  campaigns	
  because	
  of:	
  

•  the	
  highly	
  ellip8cal	
  nature	
  of	
  the	
  spacecrak	
  orbit	
  
(close	
  to	
  the	
  north,	
  far	
  from	
  the	
  south)	
  

•  the	
  8me	
  of	
  1	
  Mercury	
  solar	
  day	
  (176	
  Earth	
  days)	
  
•  the	
  presence	
  of	
  dawn-­‐dusk	
  vs.	
  noon-­‐midnight	
  orbits	
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MDIS	
  Imaging	
  Campaigns:	
  Primary	
  Mission,	
  03/11-­‐03/12	
  
•  MDIS	
  acquired	
  88,746	
  images	
  
•  Three	
  global	
  mapping	
  campaigns	
  

•  8-­‐color	
  map	
  
•  minimizing	
  incidence	
  and	
  emission	
  
•  average	
  ~1	
  km/pixel	
  	
  
•  majority	
  of	
  images	
  acquired	
  during	
  solar	
  day	
  1	
  

•  morphology	
  map	
  
•  targe8ng	
  68°	
  incidence	
  and	
  minimizing	
  emission	
  
•  average	
  ~250	
  m/pixel	
  
•  acquired	
  with	
  both	
  NAC	
  and	
  WAC	
  
•  majority	
  of	
  images	
  acquired	
  during	
  solar	
  day	
  1	
  

•  stereo	
  complement	
  to	
  the	
  morphology	
  map	
  
•  surface	
  imaged	
  under	
  same	
  illumina8on	
  condi8ons	
  on	
  solar	
  day	
  2	
  
•  targe8ng	
  a	
  stereo	
  convergent	
  angle	
  of	
  22°	
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>99%	
  coverage	
  
>34,000	
  images	
  

MDIS	
  Imaging	
  Campaigns:	
  Primary	
  Mission,	
  03/11-­‐03/12	
  
•  morphology	
  map	
  

•  targe8ng	
  68°	
  incidence	
  and	
  minimizing	
  emission	
  
•  average	
  ~250	
  m/pixel	
  
•  acquired	
  with	
  both	
  NAC	
  and	
  WAC	
  
•  majority	
  of	
  images	
  acquired	
  during	
  solar	
  day	
  1	
  

Advanced	
  product	
  
released	
  by	
  PDS	
  on	
  
March	
  8,	
  2013	
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MDIS	
  Imaging	
  Campaigns:	
  Morphology	
  Map	
  
To	
  fit	
  within	
  the	
  data	
  volume	
  limits	
  of	
  the	
  mission	
  while	
  providing	
  
global	
  coverage	
  at	
  ~250	
  m/pixel,	
  a	
  number	
  of	
  trade-­‐offs	
  were	
  made:	
  

•  Use	
  of	
  NAC	
  in	
  the	
  south	
  and	
  WAC	
  750-­‐nm	
  filter	
  in	
  the	
  north	
  
•  Use	
  of	
  single	
  binning	
  (1024x1024	
  image	
  -­‐>	
  512x512	
  image)	
  
•  Lossy	
  wavelet	
  compression	
  of	
  4	
  for	
  most	
  images	
  (some	
  uncompressed,	
  

wavelet	
  0,	
  when	
  possible)	
  

NAC	
  unbinned	
  

NAC	
  binned	
  

WAC	
  unbinned	
  

WAC	
  binned	
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>99%	
  coverage	
  
>34,000	
  images	
  

Advanced	
  product	
  
released	
  by	
  PDS	
  on	
  
March	
  8,	
  2013	
  

MDIS	
  Imaging	
  Campaigns:	
  Morphology	
  Map,	
  PDS	
  product	
  
Images	
  tagged	
  as	
  belonging	
  to	
  the	
  “monochrome”	
  base	
  map	
  campaign	
  used	
  a	
  
stacking	
  order	
  to	
  favor	
  high	
  spa8al	
  resolu8on,	
  low	
  emission	
  angle,	
  and	
  a	
  solar	
  
incidence	
  angle	
  as	
  close	
  as	
  possible	
  to	
  68°.	
  
•  Where	
  abs(lat)	
  ≤	
  65°	
  and	
  i	
  ≥	
  68°,	
  the	
  metric	
  is:	
  PIXEL_SCALE	
  /	
  (cos	
  e	
  *	
  (	
  cos	
  (	
  flaKen_factor	
  *	
  i)	
  	
  /	
  cos	
  (	
  flaKen_factor	
  *	
  68	
  )	
  )	
  )	
  
where	
  i	
  is	
  solar	
  incidence	
  angle,	
  e	
  is	
  emission	
  angle,	
  lat	
  is	
  planetocentric	
  la8tude,	
  and	
  flaKen_factor	
  is	
  set	
  to	
  0.85	
  to	
  de-­‐emphasize	
  low	
  
solar	
  incidence	
  angles.	
  	
  
•  Where	
  abs(lat)	
  ≤	
  65°	
  and	
  i	
  <	
  68°,	
  the	
  metric	
  is:	
  PIXEL_SCALE	
  /	
  (cos	
  e	
  *	
  (cos	
  68°	
  /	
  cos	
  i))	
  
•  Where	
  abs(lat)	
  >	
  65°,	
  the	
  metric	
  is:	
  PIXEL_SCALE	
  /	
  (cos	
  i	
  *	
  cos	
  e	
  )	
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>99%	
  coverage	
  
>41,000	
  images	
  
(>5,000	
  8-­‐color	
  
sets)	
  

MDIS	
  Imaging	
  Campaigns:	
  Primary	
  Mission,	
  03/11-­‐03/12	
  
•  8-­‐color	
  map	
  

•  minimizing	
  incidence	
  and	
  emission	
  
•  average	
  ~1	
  km/pixel	
  	
  
•  majority	
  of	
  images	
  acquired	
  during	
  solar	
  day	
  1	
  
•  430,	
  480,	
  560,	
  630,	
  750,	
  830,	
  900,	
  1000	
  nm	
  filters	
  

Advanced	
  product	
  
released	
  by	
  PDS	
  on	
  
March	
  8,	
  2013	
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WAC	
  double	
  
binned	
  

WAC	
  unbinned	
  

WAC	
  single	
  
binned	
  

MDIS	
  Imaging	
  Campaigns:	
  8-­‐Color	
  Map	
  
To	
  fit	
  within	
  the	
  data	
  volume	
  limits	
  of	
  the	
  mission	
  while	
  providing	
  
global	
  coverage	
  at	
  ~1	
  km/pixel,	
  a	
  number	
  of	
  trade-­‐offs	
  were	
  made:	
  

•  Use	
  of	
  single	
  binning	
  (1024x1024	
  image	
  -­‐>	
  512x512	
  image)	
  
•  Use	
  of	
  double	
  binning	
  (1024x1024	
  -­‐>	
  256x256	
  image)	
  
•  Lossy	
  wavelet	
  compression	
  of	
  3	
  for	
  most	
  images	
  (some	
  early	
  images	
  at	
  

wavelet	
  4,	
  some	
  uncompressed,	
  wavelet	
  0,	
  when	
  possible)	
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>99%	
  coverage	
  
>41,000	
  images	
  
(>5,000	
  8-­‐color	
  
sets)	
  

MDIS	
  Imaging	
  Campaigns:	
  8-­‐Color	
  Map,	
  PDS	
  product	
  
Images	
  tagged	
  as	
  belonging	
  to	
  the	
  “color”	
  base	
  map	
  campaign	
  used	
  a	
  
stacking	
  order	
  to	
  favor	
  high	
  spa8al	
  resolu8on,	
  low	
  emission	
  angle,	
  and	
  low	
  
solar	
  incidence	
  angle.	
  
•  Stacking	
  order	
  =	
  PIXEL_SCALE	
  /	
  (cos	
  i	
  *	
  cos	
  e	
  )	
  

Advanced	
  product	
  
released	
  by	
  PDS	
  on	
  
March	
  8,	
  2013	
  



MDIS	
  Imaging	
  Campaigns:	
  	
  
Primary	
  Mission,	
  03/11-­‐03/12	
  
•  MDIS	
  acquired	
  88,746	
  images	
  
•  Images	
  in	
  addiHon	
  to	
  the	
  three	
  

global	
  maps:	
  
•  Repeated	
  imaging	
  of	
  the	
  south	
  
polar	
  region	
  

•  Images	
  of	
  Mercury’s	
  limb	
  
•  Calibra8ons	
  

•  Regular	
  imaging	
  of	
  star	
  fields	
  
•  Repeated	
  imaging	
  of	
  the	
  same	
  surface	
  
for	
  photometric	
  correc8on	
  effort	
  

•  High-­‐resoluHon	
  imaging	
  of	
  
targeted	
  areas	
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Floor	
  of	
  Rachmaninoff	
  basin	
  
100	
  km	
  across;	
  150	
  m/pixel	
  

Hollows	
  in	
  Kertesz	
  crater	
  
15	
  km	
  across;	
  30	
  m/pixel	
  	
  

All	
  primary	
  mission	
  
images	
  are	
  in	
  the	
  PDS	
  



MDIS	
  Imaging	
  Campaigns:	
  Extended	
  Mission	
  I,	
  03/12-­‐03/13	
  
•  Four	
  new	
  major	
  mapping	
  campaigns	
  

•  3-­‐color	
  northern	
  hemisphere	
  map	
  
•  minimizing	
  incidence	
  and	
  emission	
  
•  ~100-­‐400	
  m/pixel	
  in	
  northern	
  hemisphere	
  
•  430,	
  750,	
  1000	
  nm	
  filters	
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Most	
  images	
  in	
  the	
  
PDS	
  as	
  of	
  March	
  8,	
  
2013;	
  advanced	
  
product	
  planned	
  
for	
  release	
  in	
  
March	
  2014	
  	
  	
  



MDIS	
  Imaging	
  Campaigns:	
  Extended	
  Mission	
  I,	
  03/12-­‐03/13	
  
•  Four	
  new	
  major	
  mapping	
  campaigns	
  

•  High-­‐incidence	
  map	
  
•  incidence	
  targe8ng	
  ~80°	
  and	
  minimizing	
  emission	
  
•  250	
  m/pixel	
  
•  acquired	
  with	
  both	
  NAC	
  and	
  WAC	
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Most	
  images	
  in	
  the	
  
PDS	
  as	
  of	
  March	
  8,	
  
2013;	
  advanced	
  
product	
  proposed	
  
for	
  release	
  in	
  March	
  
2015,	
  dependent	
  on	
  
Extended	
  Mission	
  II	
  
funding	
  decision	
  



MDIS	
  Imaging	
  Campaigns:	
  Extended	
  Mission	
  I,	
  03/12-­‐03/13	
  
•  Four	
  new	
  major	
  mapping	
  campaigns	
  

•  Albedo	
  map	
  
•  minimizing	
  incidence	
  and	
  emission	
  
•  250	
  m/pixel	
  
•  acquired	
  with	
  both	
  NAC	
  and	
  WAC;	
  also	
  has	
  stereo	
  complement	
  map	
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Most	
  images	
  in	
  the	
  
PDS	
  as	
  of	
  March	
  8,	
  
2013;	
  advanced	
  
product	
  proposed	
  
for	
  release	
  in	
  March	
  
2015,	
  dependent	
  on	
  
Extended	
  Mission	
  II	
  
funding	
  decision	
  



MDIS	
  Imaging	
  Campaigns:	
  Extended	
  Mission	
  I,	
  03/12-­‐03/13	
  
•  In	
  addiHon	
  to	
  the	
  four	
  new	
  major	
  mapping	
  campaigns:	
  

•  Con8nua8on	
  of	
  high-­‐resolu8on	
  targets,	
  limb	
  imaging,	
  
calibra8ons	
  

•  Repeated	
  imaging	
  of	
  the	
  north	
  polar	
  region	
  
•  Campaigns	
  to	
  search	
  for	
  vulcanoids	
  or	
  satellites	
  
•  Exploratory	
  imaging	
  of	
  permanently	
  shadowed	
  regions	
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All	
  images	
  through	
  September	
  
17,	
  2012,	
  are	
  in	
  the	
  PDS	
  as	
  of	
  
March	
  8,	
  2013.	
  



MDIS	
  Imaging	
  Campaigns:	
  	
  
Extended	
  Mission	
  II,	
  03/13-­‐	
  end	
  of	
  mission	
  (up	
  to	
  03/15)	
  
•  Future	
  opera?ons	
  are	
  dependent	
  on	
  the	
  MESSENGER	
  Extended	
  

Mission	
  II	
  proposal	
  currently	
  being	
  reviewed	
  by	
  NASA	
  

•  New	
  proposed	
  MDIS	
  observaHons	
  include:	
  
•  Minimum	
  phase	
  5-­‐color	
  map	
  of	
  the	
  northern	
  region	
  
•  High-­‐resolu8on	
  stereo	
  and	
  east-­‐west	
  illuminated	
  targets	
  
•  11-­‐color	
  targets	
  
•  Campaign	
  to	
  image	
  inside	
  permanently	
  shadowed	
  areas	
  

•  Low	
  alHtude	
  (<350	
  km)	
  imaging	
  opportuniHes	
  are	
  present	
  
starHng	
  Nov.	
  2013	
  through	
  March	
  2015	
  
•  Resolu8ons	
  to	
  ~2	
  m/pixel	
  can	
  poten8ally	
  be	
  acquired	
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Agenda	
  
1.	
  Overview	
  of	
  the	
  mission,	
  instrument,	
  and	
  imaging	
  campaigns	
  (~15	
  min.)	
  

	
  Nancy	
  Chabot,	
  Johns	
  Hopkins	
  University	
  Applied	
  Physics	
  Lab	
  
	
  
2.	
  MDIS	
  calibraHons	
  (~30	
  min)	
  

	
  Bre[	
  Denevi,	
  Johns	
  Hopkins	
  University	
  Applied	
  Physics	
  Lab	
  
	
  	
  

3.	
  Accessing	
  and	
  searching	
  for	
  MDIS	
  data	
  in	
  the	
  PDS	
  (~20	
  min)	
  
	
  Lisa	
  Gaddis,	
  United	
  States	
  Geological	
  Survey	
  
	
  	
  

4.	
  MDIS	
  data	
  in	
  QuickMap	
  (~20	
  min)	
  
	
  Erick	
  Malaret,	
  Applied	
  Coherent	
  Technology	
  Corpora8on	
  
	
  	
  

-­‐-­‐-­‐-­‐-­‐-­‐	
  Break	
  -­‐-­‐-­‐-­‐-­‐	
  (~15	
  min)	
  
	
  
5.	
  Using	
  MDIS	
  data	
  in	
  ISIS	
  	
  (~2	
  hrs)	
  

Kris	
  Becker,	
  Tammy	
  Becker,	
  and	
  Trent	
  Hare,	
  United	
  States	
  Geological	
  Survey	
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