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To: Dr. Jurgen Rahe 
NASA Headquarters 
Code SL, 300 E. Street S.W. 
Washington, DC 20546 

Dear J urgen, 

December 17, 1993 

This letter is in response to your request for a complete summary of what 
we think is needed in the way of systematic processing and data archival to 
best prepare for the Clementine data analysis program. We are addressing 
only the lunar dataset here, as the Geographos dataset will be small and the 
funded science team proposals cover the essentials. The items below are 
prioritized, with the most important tasks (as agreed to by the science team) 
listed first. 

Task 

1. Global 11-band image cube 
CD-ROM archival (72 x 1.6K) 

2. CD-ROM archival of raw data 
(pre-mastering by NRL) 

3. Emission-function sequences 
over special targets 
CD-ROM archival (1 X 1.6K) 

4. Polar HIRES mosaics 
(latitudes 60-90, 40 m/px) 
CD-ROM archival (12 x 1.6K) 

FY94 

177 

25 

COST ($K) 
FY95 FY96 TOTAL 

177 

150 

15 

2 

50 

131 
115 

50 

19 

485 
115 

150 

40 

2 

100 

19 

-

5. Global LWIR dataset 
CD-ROM archival (7 x 1.6K) 

25 75 75 
11 

175.· 
11 

6. HIRES color mosaics 
(approx 500 targets) 
CD-ROM archival (16 x 1.6K) 

25 

7. HIRES strip mosaics on uv/vis 
base map (lat. -60 to 60, 20 m/px) 
+ overlain altimetry profiles 
CD-ROM archival (80 x 1.6K) 

1 

50 

13 

75 

50 

13 

75 
128 

125 

26 

150 
128 

a 

fill 
• 



8. Digital elevation models-Polar 
(from stereo imaging) 

CD-ROM archival (1 X 1.6K) 

9. Digital elevation models 
(non-polar stereo) 

CD-ROM archival (1 x 1.6K) 

TOTALS 252 

50 

50 

707 

50 

1 

50 

1 

769 

100 

1 

100 

1 

1728 

"CD-ROM archival" above includes pre-mastering, mastering, replication, 
and distribution to the science community. All other costs are for data 
processing at USGS. Enclosed are more detailed descriptions for the data
processing tasks. 

Cost-estimate uncertainties are substantial at this time. Unanticipated 
problems are inevitable. Our experience from past projects of this sort is that 
our cost estimates tend to be 30%-100% too low. Firmer cost estimates will 
be possible by the summer of '94, after all of the lunar data has been returned 
and we have produced some sample products. 

The lunar data analysis program is expected to begin in FY95, yet most of 
the systematic processing will not be completed and available on CD-ROM 
until the end of FY96. This is a very ambitious schedule and we would not 
want to commit to an accelerated schedule. However, we believe that the 
following datasets can be made available to support the data analysis program 
in FY95 or FY96: 

1. The raw data will be available, which will satisfy some researchers with 
specialized interests and the ability to process their data. We will provide 
software for all major computers (PCs, Macintoshes, DEC VMS, and UNIX) 
to apply decompression and radiometric corrections. In addition, the USGS 
ISIS (Integrated Software for Imaging Spectroscopy) will be available to all 
researchers with UNIX workstations. ISIS will include all of our Clementine 
processing software. 

2. The lunar altimetry dataset will be available, including prof'IIes from each· 
orbit and a gridded global dataset prepared by David Smith. This is a small 
but scientifically important dataset. 

3. We plan to make two or more large sample mosaics during FY94, each 
consisting of about 5,000 uv/vis and SWIR frames. Also, we will probably 
make a number of smaller mosaics, such as HIRES mosaics of landing sites. 
These products can be made available in FY95. 
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4. We propose processing the emission-function sequences (task 3) in FY94-95. 
These consist of observations of special targets of interest by all detectors and 
filters at a range of emission angles, some with embedded HIRES mosaics, and 
should be especially useful for calibrations and initial studies to understand the 
datasets. 

5. We can supply interim products associated with the systematic processing 
in FY95. For example, prior to task 2 mosaicking we will create about 50,000 
11-band image cubelets with radiometric calibrations and subpixel color 
registration. All of these will be stored on optical disks, and can be mounted 
for Internet retrieval or copied to 8mm tape for Clementine researchers. The 
entire Moon will be covered by these image cubelets, but they will not be 
convenient for the study of large areas until mosaicked. The mosaicking 
process will also result in additional corrections to the radiometric and 
geometric calibrations. Nevertheless, these cubelets may prove t<! be the dataset 
in greatest demand by Clementine researchers prior to completion of the global 
image cube. 

6. Regional mosaics associated with tasks 2, 4, and 5 and some of the HIRES 
mosaics should be available in FY96. Supply of large datasets prior to CD
ROM production can get expensive and time-consuming, but we can certainly 
accommodate some requests via copy onto inexpensive 8mm tapes. 

In the Clementine lunar data analysis NRA, it would be helpful to potential 
researchers to include a description of Clementine datasets expected to be 
available in FY94, 95, and 96. 

Please let us know if this letter is sufficient for now, or if there is anything 
further we can provide. 

You�(// �cz�, , @2_ 
Alfred S. McEwen and Eric M. Eliason 
U.S. Geological Survey 
2255 N.·Gemini Drive 
Flagstaff, AZ 86001 
602-556-7194 and -7113 

Copies: Gene Shoemaker, Jim Campbell 
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Discussion of Clementine systematic processing efforts 
12/9/93, Alfred S. McEwen 

The position of the Clementine Science Team is that we should propose a 
comprehensive plan for systematic processing of Clementine lunar data. We've 
previously prepared a detailed plan for systematic processing of the Clementine global 
11-bandpass dataset, which remains the first priority. Several additional efforts should 
be added to make the plan comprehensive. 

There are significant uncertainties in the lunar coverage that Clementine will be 
able to acquire, especially with the HIRES camera, because the compression ratios that 
will be realized for each type of observation are uncertain by up to a factor of two. 
Our goal is to use the most conservative compression allowed by the Matra chip for all 
compressed observations, except perhaps the HIRES which has a blur circle equivalent 
to about a 3x3 pixel area on the CCD. The science team has established the following 
priorities during systematic mapping (300 orbits): 

1. Global coverage in the uv/vis (5 bands) and NIR (6 bands). Total of 11 GB at 4:1 
compression. Includes double coverage from lat 40-90 N and S: once nadir
looking and once oblique. Nadir looks provide the highest resolution whereas 
the obliques provide lower phase-angle coverage and stereo. 

2. Altimetry. Negligible data volume. 
3. Dark field calibrations. 0.4 GB uncompressed. 
4. HIRES polar monochromatic coverage, 40-90 degrees N and S. Total of 2.7 GB at 

10:1 compression. 
5. Double global coverage by uv/vis camera in five bands at a higher gain setting, to 

provide improved signal-to-noise over dark regions. Total 6.3 GB at 4:1 
compression. 

6. Continuous LWIR strip under each orbit. 2.1 GB at 2:1 compression. 
7. Uncompressed uv/vis (double coverage) and NIR 11-band coverage for one 10 degree 

,. latitude bin per orbit. 3.4 GB. , 
· 8. Four-color HIRES special targets. 1.1 GB at 10:1 compression. 

9. Continuous IDRES monochromatic strips (-40 to +40 Iat). 3.1 GB at 10:1 
compression. 

10. Continuous HIRES 4-color strips from lat -90 to -70 or -80 and 20 to 90 (reversed 
second month). 7.8 GB at 10:1 compression. 

Given our current compression-ratio estimates,,item 10 above may not be possible and 
is ignored in the current systematic processing plan. 

There will be 5 days (25 orbits) preceding and 9 days (45 orbits) following the 
systematic mapping period. These orbits will be filled with a variety of special 
observations: 
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1. Data compression and exposure tests 
2. Mapping rehearsals 
3. Flat-field calibrations 
4. IDRES mosaics combined with emission/phase function sequences 

(all detectors) over special sites such as landing sites. 
5. Stereo mapping sequences (#4 above also provides stereo). 
6. IDRES special targets. 
7. Luminescence experiment. 

Discussion of USGS systematic processing tasks: 

1. Global 11-band image cube: see separate writeup (enclosed). 

2. Archival of raw data--no USGS processing. 

3. Emission/phase-function sequences. About 25 special targets of interest will be 
imaged by all detectors and filters at a range of emission angles by looking ahead and 
behind along an orbit. Some sequences will include embedded HIRES mosaics. These 
sequences should be especially useful for calibrations and initial studies to understand 
the datasets. We propose to apply radiometric and geometric corrections and subpixel 
registration to the data to produce 4-dimensional image cubes (spatial-spatial-spectral
emission angle). · 

4. IDRES polar mosaics. The HIRES camera will acquire continuous monochromatic 
imaging over the lunar poles at about 40 rnlpixel (near-periselene pole) or 80 rnlpixel 
away from periselene. The strips will overlap from orbit-to-orbit from 80-90 degrees 
latitude; wedge gaps at lower latitudes will be filled by uv/vis imaging. Clementine will 
probably acquire continuous IDRES strips at all latitudes, but we've established the 
latitudes above 40 degrees as a higher priority than equatorial coverage. We propose 
40 M/pixel coverage from latitudes 60 to 90 and -60 to -90 here; task 7 completes global 
coverage. 

5. Long-Wavelength IR mosaicking. We plan to acquire LWIR images continuously 
under each daytime orbit strip, about 600 frames/orbit times 300 orbits for 180,000 
small (128x128 pixel) frames. This dataset will never receive adequate analysis unless 
there is a systematic processing effort This effort is not equivalent to adding one more 
bandpass to the 11-band image cube, because the LWIR has a much smaller field-of
view (1 x 1 deg versus about 5 x 5 for the uv/vis and near-IR), the frames do not 
overlap from orbit to orbit except near the poles, the pixel scale is different, and the 
noise characteristics are very different (worse). 

6. IDRES color mosaics. We plan to acquire 4-color mosaics of about 500 selected 
lunar features or areas of interest with the IDRES camera. Each HIRES frame covers 
a field-of-view of only 0.3 degrees, and the spacecraft velocity near periselene will offset 
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sequential frames by about 1/4 frame. Therefore; a 4-color set overlaps only over 
about 1/4 of a frame. Mosaicking is needed to produce color coverage over a useful
size area. A typical HIRES sequence consists of about a 10-frame strip in four colors 
(40 frames total). The four HIRES bandpasses are 415, 560, 650, and 750 nm. There 
will also be a few tens of special mosaics (3x3x4-color) acquired during orbits before 
or after the systematic mapping orbits. 

These selected HIRES mosaics will often prove difficult to interpret without 
regional context. It would be useful to enlarge a section of the uv/vis coverage in the 
415 and 750 nm bandpasses (which match HIRES bands), then inlay the HIRES 
mosaics. It would also be useful to extract the 11-band data corresponding to each 
IDRES mosaic, then reduce the HIRES 560 and 650 nm data to the global scale for 13-
wavelength samples. Perhaps it would be best to geometrically tie the HIRES mosaics 
to the global image cube, then develop a procedure whereby the user could extract 
regional context images around each IDRES mosaic or 11-band subareas corresponding 
to the HIRES coverage. 

7. IDRES monochromatic mosaics, lat -60 to 60. With task 4, this task completes 
global mosaicking of IDRES strips on a uv/vis base. We also propose providing the 
capability to overlay the altimetry profiles. The Lidar altimetry will be processed into 
a global altimetry dataset by Dave Smith. However, such interpolation sacrifices the 
along-track resolution for the sake of global uniformity. We propose digital embedding 
of the altimetric profiles on CD with the HIRES-uv/vis global mosaic so the user can 
display the topo profile over or along-side any area of interest. Ideally this mosaic 
should be at a scale of about 20 rnlpixel to preserve the full HIRES resolution. This 
results in a 100 Gbyte dataset, which will require about 80 CD-ROM volumes for 
archival with 2: 1 compression. 

8. Polar stereo coverage. The polar regions (65-90 degrees lat.) and several tens of 
special sites will be covered in stereo by the uv/vis camera during systematic mapping. 
Derivation of digital elevation models would be especially useful over the polar regions 
becau�e.Jhe altimetry coverage will not extend above about 65 degrees lati_tude. A 
Digital Elevation Model (DEM) at 1/512 degree/pixel (236 rnlpixel) is proposed, two 
times the scale of the global image cube. The final dataset size is 200 MB. Given the 
excellent geometric characteristics of the uv/vis camera and the good base-to-height 
ratios, a vertical precision of about 100 m should be possible. 

9. Additional DEMs of selected sites can be produced over the emission-function targets 
and from dedicated stereo sequences (perhaps 10 orbits). 
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