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Panel Presentations

Dr. Chirold Epp’s Presentation

· Goldstone radar mapping data of LSP – up to 12 km of elevation change in LSP terrain from bottom of craters to tops of mountains, with slopes of up to 45 degrees.

· Despite significant pre-mission planning, orbital reconnaissance and training efforts combined with trajectories and lighting conditions designed to facilitate surface hazard detection and avoidance by the LM crew, two of the Apollo landings occurred in close proximity to potential hazards (see pictures in briefing charts). This experience drives the considerations of the hazard detection and avoidance and precision landing capabilities needed for an ALHAT System.

Dr. Andrew Johnson’s Presentation

· Terrain Relative Navigation (TRN) may involve significant variations in resolution (5x or greater) due to changes in vehicle altitude during the trajectory. Passive optical TRN has been demonstrated via sounding rocket tests.

· The necessary range accuracy and resolution for hazard detection sensors have not yet been established. Hazard tolerance of the lander is a major factor.

Raymond French’s Presentation

· No comments beyond the information provided in his charts.

Dr. Mark Robinson’s Presentation

· Best of the Apollo lunar orbiter photographs have been digitized by the USGS.

· Arizona State University (ASU) is partnering with NASA to digitize Apollo photography as full film (grain) resolution – multi-GB files

· Ephemeris imformation for Apollo missions has been added to the digitized photographic records so that they can be accurately located in cartographic space.

· Lunar Reconnaissance Orbiter /LROC is expected to return ~20 TB of data in its first year of operation.

Dr. Brent Archinal’s Presentation

· High resolution and stereo orbital reconnaissance imagery will be used to refine altimetry data to generate a global lunar altimetry database with 5 meter resolution.

· Although automated image processing techniques are very effective, manual editing and quality control is absolutely essential for critical datasets (e.g., landing site maps).

· Key is post-mission processing and geodetic control (registration) of data.

Michael Broxton’s Presentation

· Current image processing techniques take years to complete, even for datasets that are much smaller than the huge volumes of images that will be collected during future lunar orbital reconnaissance missions.

· Need to leverage NASA high-speed computing assets for image processing

· Need improvements in image search techniques

· Need to leverage internet access for geospatial data (e.g., Google Moon using GIS software with switchable layers)

Question and Answer Session

Question 1

With respect to the objective of landing on the Moon with 10 meter accuracy:

· How good will the lunar map be?

· What kind of accuracy can we achieve?

· How good is the baseline map?

Answer:

· Archinal – Map quality is tied to accuracy of orbital reconnaissance altimetry. The LRO altimeter (LOLA) will provide accuracy on the order of 40 to 50 meters. Post-processing can improve this accuracy, particularly with improved lunar gravity data, and we may want to reprocess the LRO data in the future as our lunar gravity knowledge improves. Around the Apollo landing sites, will be able to locally achieve much better accuracy by tying to the locations of the laser retroreflectors.

Question 2

· LRO data is taken with a push-broom scanner. What is the LRO along-track accuracy?

· Registration of LRO stereo data and knowledge of ground velocity?

Answer:

· Robinson – LRO includes two (stereo) cameras with an offset of ~50 pixels and overlap to address orbiter swaying. Ground track speed is about 1640 m/s. At that speed, correlation of overlapped areas with a 300 microsecond integration time yields 50 cm of downtrack motion during each integration cycle.

· Tracking using Earth-based lasers will provide highly accurate ground speeds for lunar orbiters with errors in the range of 50 cm/s.

· Kaguya will also offer an improved gravity model as an aid to post-processing for trajectory reconstruction.

Question 3

Quality control on geometric factors from scanned Apollo image data? Geometric calibration and accuracy? Any distortion of the negatives after decades of storage?

Answer:

· Robinson – Apollo data was taken with photogrammetric cameras that were developed and calibrated specifically for that function. Optical distortion is very small. Film was designed especially for the Apollo photogrammetric camera with reference marks to minimize film distortion – possibly three pixels of error.

Question 4

What is the input from the simulation community on necessary terrain accuracy for LRO?

Answer:

· Robinson – Requirement to identify sub-meter hazards when proposal was written.

· French – The simulation community will not get what they really want to see, which is centimeter-level accuracy. Will need to use interpolation to get better than sub-meter.

Question 5

What method is use to fill in points to generate an interpolated terrain DEM?

Answer:

· Broxton – Interpolation using two-dimensional b-spline. The key thing is to point out where the data is interpolated so that users of the data know.

Follow-up question – have you ever had a case where you interpolated DEM data and then subsequently got good measurements with which to check/verify?

· Closest would be for data around the Apollo 17 landing site. The interpolated results looked good when compared with photos taken on the surface.

Question 6

For Kaguya data, shouldn’t we be negotiating with JAXA to get access to the data earlier than one year after end of its nominal mission?

Answer:

· Robinson – There is an agreement to release the data at that time. It may be possible to negotiate earlier releases of parts of the JAXA dataset. Gravity data will be used for planning purposes - may get it sooner. An MOU is in place for NASA to acquire JAXA gravity data for internal use to support LRO.

Question 7

How well do we need to know the lunar gravity field to get by without landmark tracking?

Answer:

· Epp – I believe that we need landmark tracking. It is not clear how good the lunar gravity information will be.

· Archinal – If you want better than 100 meter level of accuracy, then you need another method to supplement basic navigation, such as landmark tracking or a beacon, even with a great gravity model.

· Schmitt – Every time that we took data on Apollo, we took a stereo pair - useful for building models. There is considerable stereo lunar surface photography available to support various needs, including virtual reality. This imagery is being digitized.

· Appeared to be general agreement among the panel members and key members of the audience regarding the importance of landmark tracking for lunar missions.

Question 8

General panel discussion of the actual Apollo LM slope tolerance limit and the rationale behind that value.

· Schmitt stated that he believes the LM tilt specification was 15 degrees rather than the 12 degrees mentioned in one of the presentations.

· Multiple potential drivers for the LM slope tolerance limit were mentioned, including possible binding of latches between the ascent and descent stages, ascent separation/control issues associated with the fixed main engine and RCS control authority, and even crew egress/ingress concerns.

· The driver for the LM slope tolerance specification remains unclear. The actual/operational LM slope tolerance also remains to be verified. 

Question 9

What is the level of validation of the digital elevation maps (DEMs) from photoclinometry? Is there a terrestrial test that would validate this approach?

Answer:

· Panel – Stereo photoclinometry has the potential to provide DEM resolution at the same level of accuracy as the source data. Other methods are about half as accurate. Stereo photoclinometry can also provide albedo information. Need more time and experience with this technique to validate. Recommend testing against data derived using existing stereo datasets.

Question 10

Some images correlate well optically, but not digitally, and vice versa. Should we utilize older methods, such as human image matching and stereo plotters, in addition to digital correlation techniques?

Answer:

· Broxton – Yes, still need human involvement.

· Robinson/Archinal – Sometimes humans can perform image matching when computer processing does not work. There are also cases in which humans should be utilized to provide images of the highest quality, such as landing site maps.

· Randy Kirk/USGS – Trained personnel are looking at images and performing quality control. The old stereo plotters are being used. Humans are better than computers at retaining surface features that make geologic sense, and eliminating artifacts. Digital algorithms have improved over the years, and datasets produced using digital techniques that exhibit high correlations are considered to be good quality. But interactive methods remain important.

Question 11

Schmitt comment regarding hazard detection and landing approach – We may find that we need much more thorough hazard detection capability when fully automated than when there is also a human looking out the window. Need to consider human perception and the human ability to pick out the important features and focus in on a desirable area. In terms of automated versus human-controlled landings, the risk mitigation needs are greater for automated hazard detection and avoidance (HDA) techniques than for human HDA.

Question 12

As an alternative to processing sensor data through computer algorithms, is there value in simply providing mapping/hazard detection sensor data to the crew and allowing them to identify hazards and define safe landing sites?

Answer:

· Jack Schmitt agreed that providing sensor data to the crew would be useful if the data is in a form that can be readily assimilated. A pilot wants as much well organized and user-friendly information as possible, but don’t be distracting, be helpful. That is essentially the function that he performed for Gene Cernan during their Apollo 17 landing.

· An example of sensor input to the crew during Apollo was the use of the radar altimeter.  The altitude channel of the inertial system always had significant dispersion until the radar altimeter data became accessible. During Apollo 14 the radar data came in late.

· Chirold Epp noted that in this context, the ALHAT Project is investigating technology for a high precision velocimeter to enable a vehicle to land through the potential dust obscuration using an inertial system by accurately zeroing or setting horizontal velocity before terminal descent. ALHAT is developing a Doppler lidar velocimeter that should provide three-dimensional velocity data with an accuracy of approximately 5 cm/s.

Question 13

Suggestion by Jack Schmitt to develop a quantitative or semi-quantitative measure of dust levels observed at each of the Apollo landing sites.

Discussion:

· Schmitt – Apollo 12 (Conrad/Bean) mission experienced considerably more dust than other missions. Possibly Apollo 15 (Scott/Irwin) did, as well. These were young sites, which is counter-intuitive. It seems like more fine particles would be present at older sites.

· Could dust levels possibly be related to the age of a landing site?

· Need to investigate possible correlation between observed dust levels and the mineralogical characteristics of the regolith at the landing sites. Might be able to predict dust levels.

· Schmitt questioned whether an abundance of olivine at a landing site might result in higher levels of dust? 
· Epp – Sun angles may affect visibility through dust. Schmitt concurred – solar illumination has a longer optical path length through dust at lower sun angles.
--- End of Panel 2 Question and Answer Session ---

