Apollo Powered Descent Guidance:

The Apollo LM landing guidance was designed to be fuel-efficient, and  to allow the astronauts to have as good a look at the landing area as possible once they were close enough to see potential hazards.  The landing guidance was divided into three phases.

Braking Phase:

Starting from a lunar orbit of about 110 km altitude, the LM (on later missions, the LM and CSM) burned retrograde to decrease the orbit periapsis to about 15 km at a point about 500 km short of the landing site.  About 10 minutes before this point, the astronauts started a program, P63, on the LM computer.  P63 oriented the LM engine retrograde, and first started +Y RCS to settle the fuel to the bottom of the tanks, then the descent engine ran at 10% for 26 seconds before going to full throttle.  
The object of the braking phase was to slow from about 1700 m/s orbital velocity down to less than 160 m/s, and the guidance used a target called “High gate”.   High gate was between 8 km and 5 km from the landing site, and about 2.5 km altitude.  Upon reaching High gate, P63 automatically initiated P64, and the Approach phase began.  Quadratic guidance was used for the Braking phase.
The descent engine was throttleable, but had forbidden throttle settings (between 60% and 100%) due to combustion instability.  This led to some compensation by the descent guidance – the throttle was left at full power until the commanded thrust dropped to 58% or below.  This generally occurred about two minutes before the end of the braking phase.  Once the guidance software could control the throttle, the position and velocity targets could be achieved very accurately.

Approach Phase:

The object of the Approach phase was to continue the descent to target while allowing the astronauts to see the landing area, and to adjust the landing site if desired.  The transition from braking to approach involved pitching down from about 60 degrees to about 30 degrees.  The LM computer displayed a number (LPD) which was an angle corresponding to numbers on a reticle on the commander’s window.  The commander could look through the specified reticle position and see where the landing site would be, then move it closer, further, left or right by clicking the ACA (stick) with his right hand.  The target could be moved up until 15 seconds before Approach phase ended.  Quadratic guidance was used for Approach phase, with the variation that the target point could be changed in real time.
Landing Phase:

The object of landing phase was to null horizontal velocity, then descend at 3 feet per second until surface contact was indicated.  The engine would be shutdown then, and the LM would drop the last few feet to the surface.  The LM computer had a program to do this automatically, but it was never used.  Instead, every LM commander used P66 to control the attitude of the LM manually using the ACA stick, in “Attitude hold” mode, while controlling the descent rate by clicking a 3-position switch up or down with his left hand.  Each click up or down decreased or increased the descent rate by 1 fps.  An instrument in the LM showed the LM attitude, and another instrument, the cross-pointer, showed horizontal velocity.  The LM pilot would call out altitude and descent rates during the landing phase.
Aborts:

The descent could be aborted at any time.  This was done by pressing either of two buttons in the LM.  The “ABORT” button would start P70 and use the descent engine for the procedure, while the “ABORT STAGE” button would separate the ascent stage, start P71, and use the ascent engine for the abort.  Either abort would place the ascent stage in a parking orbit aligned with the CSM.

Aborts could also be done at any time while the LM was on the lunar surface in case of fuel or oxygen leaks, or other failures.  The LM would insert into a parking orbit, then rendezvous with the CSM by concerted maneuvers by both spacecraft.

Apollo Lunar Ascent Guidance:

The LM used simple linear guidance to achieve the desired downrange and horizontal velocities in the orbit plane of the CSM.  This process was completely automatic, and was performed by P12.  Aborts used the same ascent guidance.
Lunar Orbit Rendezvous:

The ability for the LM and CSM to rendezvous in lunar orbit was essential to the architecture of the Apollo mission.  Because each spacecraft was out of communication with Earth about half of the time in lunar orbit, the procedure had to be accomplished independently, by the LM and CSM themselves.  The procedure depended on the rendezvous radar to keep track of the other spacecraft’s position and velocity, as well the CSM and LM computer to make the appropriate orbital calculations.

The first two lunar landing missions used a more conservative procedure (known as Coelliptic rendezvous) for the rendezvous than did the subsequent missions.  For all the missions, the first step involved ascent to an elliptical orbit of periapsis 18 km and apoapsis of about 87 km.  The ascent was timed to the passage of the CSM over the LM, which could be monitored on the rendezvous radar.  Following orbit insertions, the early procedure next circularized the LM orbit at about 87 km using RCS propulsion.  The calculations for this maneuver were performed by P32.  Next, the LM orbit was modified, also using RCS propulsion, so its apoapsis was at the same location as that of the CSM.  This maneuver, called the CDH (or Constant Delta Height), resulted in the LM being always very close to 26 KM below the CSM. The calculations for the CDH maneuver were performed by P33.   When the CSM position was 26 degrees above the LM horizontal, the next maneuver, the TPI (Transfer Phase Initiation) was performed.  The TPI calculation (performed by P34) adjusted the LM orbit to reach the same position the CSM would be in about 45 minutes time, (or 130 degrees of orbital travel).  The TPI maneuver was also accomplished using RCS for Apollo 11 and 12.  During the transfer phase, two midcourse corrections (also RCS) were accomplished using P35.  Final braking was done manually using RCS, resulting in the LM station-keeping with the LM.  The LM then positioned its docking port toward the CSM, and remained passive while the CSM performed the docking.

Apollo 14 through 17 used a different rendezvous procedure, know as direct rendezvous.  The main differences were that liftoff occurred before the CSM passed over the LM, and P32 and P33 were not used.  After orbit insertion, P34 calculated a transfer to the CSM, and the burn was performed using the ascent engine instead of RCS.  The rest of the rendezvous was done similarly, with P35 calculating midcourse corrections and braking performed manually.  Direct rendezvous resulted in docking less than 1 orbit from liftoff, while coelliptic rendezvous required about two orbits for docking.
AMSO Implementation:

The LM guidance routines used for AMSO are based on the actual algorithms used in the LM computer.  The powered descent programs P63 and P64 use the same quadratic guidance as the original.  For Apollo 15 and later, the documentation is very complete and the trajectory is authentic.  For Apollo 11-14, the exact parameters were not available and I had to guess them by duplicating behavior as closely as possible.  The ascent guidance algorithm is directly from Apollo documentation.
The target redesignation procedure is similar to the actual P64, but the camera centering and scaling of the target increment are not authentic.  The response of the LM to redesignation commands is authentic.  P66 is authentic, but does not display the horizontal velocity in a graphical manner, as did the LM.

The rendezvous procedure is much less authentic, in that the original procedure kept two astronauts very busy from beginning to end.  I chose to make this completely automatic, but the same programs do the same calculations and burns, and the trajectories are reasonably authentic.  This also required the addition of some fictitious programs to automatically perform maneuvers that were actually done using burn timings and deltaV numbers transmitted to the astronauts by mission control.  The programs, P16, P17, P18, P19 and P36 are all fictitious.  In addition, P34 calls upon the fictitious P19 to do orbit phasing burns during abort rendezvous, which the original P34 did not.
Abort procedures are also less than authentic.  Actual Apollo LM aborts relied on interaction between LM, CSM and mission control.  This implementation relies completely on the LM to perform all rendezvous maneuvers, and in some cases, rendezvous will not be possible during the 11 hour life of the LM ascent stage.  
