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Introduction

Under the auspices of TRW Systems MICP task A-201.(“§upport of
Apollo Guidance Document Review,'" J. Garman and J.E. Williams, task
monitors), a review of certain portions of the Apollo Guidance ComputeF
program identified as '"Colossus 2A" has been conducted. This program is
a modified version of the "Colossus 2" program used on the "F'" mission, .
and is intended for use with the Command Module computer on the ?G" mission.
The major purpose of this review has been to prov?d? more effective sgpport
to the Flight Software Branch of MSC in the identification and gnalysls of.
various program performance features, and to permit more effective and rapid
review of published computer program documentation.

During similar reviews of the AS-202, AS-204, AS-501, IM-1, Surdisk,
and Sundance programs, it was found desirable to assemble a set of
working-paper information on the equations which seem to have been
programmed for these flights. This material has proven to be useful to
the various groups associated with these flights, in that it can be
used to help bridge the gap between the extreme detail of the program
listing and the occasional lack of detail available elsewhere on the
guidance equations. Consequently, the material on the following pages

has been assembled in a fashion similar to that done for previous
flights, and follows the same general format.

Certain aspects of the program are quite‘complex, and this

programmed guidance equation material should not be considered as
a substitute for actual study of the program symbolic listing itself,
To assist in such a study,

the binary scale factors of equation
quantities have been included, as well as the program notation employed
for constants (notation for variables follows that, in general, used
in the program), and divisions have been made in accordance with the
symbolic tags assigned to program steps in the listing. It should be
realized that no complete set of equation information was available
from the MSC G&N contracto

r against which the programmed equations
could be validated, and in the interests of timely publication the
review of the assembled document against the program assembly has not
been as detailed as would be desired.

The program assembly listing

; which was used to prepare the
programmed equations information

bears the heading print:

REVISION 055 OF AGC PROGRAM COMANCHE BY NASA 2021113-051,
10:28 APR. 1,1969

The function of virtually all the program steps of interest to the
flight is described on the following pages or, for general computer
system control (executive and waitlist system, interpretive language,
and similar items) in 3420.5-27 (see Notation and Terminology). Only
isolated omissions of unreferenced constants and non-executed program
steps have been made.

The material on the following pages is intended to be an aid to
the review of the symbolic listing, not a substitute for it. Definitive
guidance equation information can and should be provided only by the
G&N contractor through the appropriate MSC channels.
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a series of marks in this program with the option of being able to
restore the unmodified state vector, this can be accomplished by
performing V66E before the start of the marks (to put the CSM state
vector into the "IM" cells), and then, after the marks, performing

V47E (which moves the unupdated "IM" cells back into the CSM "permanent."
state vector). .

The third navigation program is P22, which can be used to perform
state vector modification based on the tracking of known or unknown
landmarks (on earth or moon): the "landing site'" vector can be selected,

or a landmark loaded manually (only the manual option is allowed for earth).

P22 starts on page ORVN-4 (""PROG22"). After some initial presets
and selection of sighting options, '"R52" is entered to perform optics
pointing to the desired landmark (after R52 starts, N43 could be used
to change the coordinates towards which the optics is pointing).
After completion of the mark sequence, "DOV5N71" is entered (page
ORVN-5) to display the landmark selection for crew approval, and then
"522.1" (page ORVN-8) is entered to do the actual processing of the
observation data.

"S22.1" starts by loading a set of buffer cells with the mark
data that were obtained (so as to preserve them in the event of a
restart). These cells are also telemetered, so a flagword bit is set
to indicate that they have been loaded with optics information.
Following this, some initialization settings are made, including
different ones for known and unknown landmark W-matrix settings,
and processing of marks is performed. A flagword bit is set
for the processing of the first non-offset mark (22DSPFIG, bit
13 of FLAGWRD2) that causes "S22B0X12" (page ORVN-14) to display
(VOéNLY) the magnitude of the first update for crew approval: if
it is approved, the remainder of the updates (including the second
one for that mark) are incorporated with no check on their
magnitude (contrary, for example, to R22). Following the incorporation
of the last mark, an option is provided (in "S22I=N", page ORVN-15)
to update the landing site RLS based on the derived position of the
landmark being tracked (which could have been specified as the serial
number of Ol, meaning RLS). A manual input to the N89 display will
be interpreted not as a data load, but instead as a 'recycle" (hence
latitude/longitude/altitude input cannot be used to change RLS).
Finally, the W matrix is reduced to 6x6 (landmark correlation
information is not carried over from one landmark to the next, of
course) in "9DWTO6DW" (page MEAS-5) and then a new set of marks can be
obtained. If desired, the measurement W matrix can be checked, and
initialized to different values if desired, by a V67E, which causes
"V67CALL", page MEAS-4, to be entered.

Entry
Input of V37 E 61 E will permit P61, page ENTP-1 ("P61"), to be

entered. Average-G is turned on via "S61.1" (page ENTP-4) which
causes '"MIDTOAV2" to be entered (the same routine as used by P4L7) in
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order to get the Avera
seconds from the b
done, the IMU

ge-G computations started (generally in 12.5

alignment is checked in "S61.1A" (page ENTP-5), and
t'h?n a.N61 display of target parameters is supplied. Response to
this display causes " ", page ENTP-1, to be entered to sample
the si.:ate.vector from the same two-second Average-G cycle (if the
's'ampllng 1S unsuccessful, the process is repeated). Routine
Sél.?“, page DISP-16, is entered to compute a number of quantities
for display purposes, including Entry Monitor System (EMS) information.
Following display approval, "Péa" (page ENTP-2) is entered. The
N63 display (which includes time from EMS interface altitude) has
t}_le time information corrected so as to be measured from when the
dlSplE}y is started (instead of from when the state vector was sampled).
The display can be started again (causing a fresh compensation to be
I,I,lade of the delay between the state vector time tag and now) by an
otherwise" response (e.g. V32E) to the N63 display.

'P62", page ENTP-2, can either be entered from "NEWRNVN' or can
‘Ee selected directly by V37 means (see page GENP-36). It performs
S61.1" again (if from "NEWRNVN", Average-G is already running),
starts the entry DAP going ("READGYMB", page DPEN-1), and then starts
@ flash of checklist code 00041, to request separation. A PRO
response to this display causes ""CM/DAPON" to0 be entered to activate
entry DAP computations (page DPEN-1), and then "P62.1", page ENTP-3,
to be entered. Here, after another N61 display of target information,
a display of entry angles (via N22) as computed by '"Pé2.3" 5 Page ENTP-,
is provided (unless the trim angle already is less than 45°, in which
case P63 is entered immediately). Logic in "EXDAP", page DPEN-11,
causes "WAKEP62" (page ENTP-4) otherwise to establish n"pé3n,

"Pé3", page ENTP-L, changes the program number display to P63,
sets the verb/noun display to VO6N6L (for use in "ENDEXIT'", page
ENRY-16), and causes "STARTENT", page ENRY-2, to be entered. This
routine sets some initial conditions for the entry program and then
causes the computations to enter "SCALEPOP" (page ENRY-3) and then
"INITROLL" (page ENRY-5). The "INITROLL' computations monitor the
status of the bit indicating 0.05 g (the bit is set/reset in "TARGEING" ,
entered from "SCALEPOP'"), and when it first becomes one changes the
program number display to 64 (and the verb-noun to 0674). If the
velocity at this point is less than 27,000 fps (K}ggnl)’ the exit address
from "SCALEPOP" is set to "KEP2" (page ENRY-12): 1s causes exit to
P67 (via "PREFINAL', page ENRY-12) when the drag exceeds 6. 5 fpsz.

locity is above 27,000 fps, then a more complete set of entry
If vitzgions can be done (the setting of INRLSW keeps the 27,000 fps
gglizk from being performed more than once).

i ENRY-13, is the 'final phase' of the entry
HERELLSLS ar’ldpigeenteref&ntil the velocity is below 1000 fps,
computatlons, (page ENRY-16) is entered instead to display V1éN&7
when "P67.1 uﬁég o1 game page) until a response is received, when
éﬁomﬁggﬁgpggwu roﬁtir’le is entered to stop the computations.
e
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