Go for lunar landing: GNC panel report
Centered around the problem of safely and precisely landing crew and cargos on the moon surface, the Guidance, Navigation and Control (GNC) panel address the following issues, i.e. 

1. Compare/Contrast Apollo to Constellation. Similarities, differences both mission and technologies. 

2. Provide insights into the current state of landing GN&C technology development efforts at NASA, industry and academia.

3. Provide insights into what aspects of landing GN&C could benefit future planetary landings. 

4. Discuss Human Role in Precision Automatic Landing (manual and supervisory control).  

The GNC panel was assembled to include experts and engineers from NASA, national labs, universities and aerospace industry. The panel expertise was diverse and covered many aspects of the GNC problem contrasting different approaches taken by the proposing institutions as well as highlighting a wealth of novel techniques that developed over the past few years.
Doug Zimpfer (Draper Lab) initiated the panel discussion providing an overview of the Apollo GNC system. The presentation included a discussion of the LEM GNC architecture, the description of a typical Apollo descent trajectory (including the relative braking/approach phases) and the functional flow diagram illustrating the modes of interaction between astronauts and on-board computer. It was stressed out that the Apollo GNC was designed with the idea of giving the astronauts multiple options spanning from fully manual to semi-autonomous. The pilot had always the ability to select the appropriate mode of operation.
Ron Sostaric (NASA JSC) gave an overview of the Autonomous precision Landing and Hazard detection and Avoidance Technology (ALHAT). Such project represents the NASA approach to developing a new technology to improve landing capability. Two distinct problems were considered, i.e. a) how to design a trajectory suitable for approach and landing and b) how to execute hazard detection and avoidance. For both cases, the major design drivers were discussed. Major trades are undergoing to understand the best trajectory as function of the sensor performance and entry path angle.
Miguel SanMartin (NASA JPL) discussed the lunar landing problem in light of the recent development in Martian landing technology. While showing that various approaches to landing on Mars initiated as evolution from the Apollo landing scheme, SanMartin examined passive landing airbag-based systems and novel solutions devised for the upcoming missions (e.g. Mars Science Lab). More and more planetary scientists recognize the need for precision “pin-point” landing on Mars and the Constellation program might help to closing the gap by improving sensor and software capabilities.

Shyama Chakroborty (Nortrop-Grumman) analyzed the problem of lunar landing in light of new technological development. Difference between yesterday’s approach and today (possible) approaches were contrasted. It emerged that new sensors and software development may provide improved autonomous landing and hazard avoidance capabilities. Nortrop-Grumman is currently working on building an autonomous landing and hazard avoidance technology program. Such program aims at utilizing a new generation of sensors, data fusion schemes and image processing algorithms to achieve the desired system performance. Computer simulations were presented to highlight the effectiveness of the proposed system.
Ian Gravseth (Ball Aerospace) gave an overview of the current sensor technology available for navigation during the lunar landing. Visual cameras, flash lidars, radars, scanning lidars and geiger counters were compared by analyzing pros and cons. It emerged that flash lidars is the most attractive sensor for lunar landing.

Tom Gardner (Raytheon) presented an approach derived from adapting missile technology to the problem of precision landing. The proposed technology relies on high thrust-to-mass ratio diverts adapted from the Raytheon Exoatmospheric Killing Vehicle (EKV) program and the Raytheon DSMAC camera. The later provides accurate position update using a pre-loaded reference map and a correlation algorithm. Simulations based on lunar images showed high correlation capabilities setting the stage for precision landing within camera spatial resolution limits. Hazard avoidance algorithms have also been devised. Such technology will be provided by Raytheon to Astrobotic to help the team winning the Google Lunar X-Prize.

David Smith (Boeing) presented an overview of the DC-X guidance scheme. The scheme was derived from the old Q-guidance algorithm. Montecarlo simulations were performed to show how the DC-X algorithm compares with the Apollo guidance algorithm. Comparisons were presented in terms of propellant usage and landing dispersion.

Ron Li (Ohio State University) went beyond the landing problem and discussed techniques for astronauts/landers localization and navigation. His team developed techniques for rover autonomous navigation on Mars (spirit and opportunity) and he is currently working on lunar communications and navigation architectures. A lunar beacon for position referencing is proposed. Moreover, a novel astronaut spatial orientation and information system is discussed. 
Summary and Conclusions

Based on the panel discussion it is apparent that:

1. Significant advances have been made since Apollo in sensor technology, image processing and software development that enable autonomous lunar landing,

2. Hazard detection and avoidance will be critical to successful landing at the lunar poles,

3. The primary benefit of lunar landings to future planetary landings would be the development of sensor technology and test/demonstration infrastructure,

4. For Human landers the role of the human will evolve over time, but the technologies for human supervisory autonomous landing are being developed.
In conclusion, while crewed landings will utilize the astronauts in important roles, the technologies for crew supervisory and autonomous landing systems are being developed.  The development of free flying or other crew test facilities would benefit the development and test of the GN&C technologies.
