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A N  AUTOMATED DOCUMENTATION TECHNIQUE FOR 

INTEGRATING APOLLO CREW PROCEDURES 

AND COMPUTER LOGIC 

I. SUMMARY 

This paper describes a documenting format and technique devised by 

Massachusetts  Institute of Technology, Instrumentation Laboratory, which 

re la tes  ground link and on-board computer activity to crew activity during Apollo 

Guidance and Navigation (G&N) operations. The document ;, titled "Apollo 

Computer Logic - Checklist Interface", performs severa l  important functions: 

1. It s e r v e s  as a working document within MIT for  coordinating the 

activities of the Space Guidance Analysis, Systems, and Display 

and Human Fac to r s  groups in the generation of the G & N  Operations 

plans. 

2 .  It s e r v e s  a s  a working document fo r  doordinating the activities and 

inputs related to G&N operations fo r  MIT the Spacecraft P r i m e  

Contractor5,North American Space Information Systems Division 

and Grumman 1 Aircraft  Engineering Corp., and NASA Manned 

Space Center. 

3. It provides an  e a r l y  determination of requirements for  use in 

writing p rograms  which define computer logic flow required to 

accomplish specific G & N  tasks.  

4. It provides a testing device in simulators fo r  evaluation of mission 

operations and the man-machine interface. 

5. It m a y  be used as a training device and, in abbreviated form, a s  a n  

in-flight crew checklist. 

The computerized p rocess  f o r  producing the document permits  a fast 

update of logic and/or procedures.  
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11. INTRODUCTION 

The Computer Logic-Checklist Interface document was evolved in defining 

the detailed G&N computer programs and operational procedures to be used on 

Apollo missions. The Apollo mission differs f rom previous U. So Manned 

Spacecraft Missions in that the G&N system provides a total onboard capability 

fo r  guidance and navigation. This added capability has  necessari ly complicated 

the man-machine interface problem. To enable the reader  to appreciate the 

magnitude of this  problem the following is a brief description of the p r imary  

guidance and navigation system fo r  the Command and Service Module (CSM), and 

the Lunar Excursion Module (LEM). More complete descriptions can be found 

in  the referenced documents. 

1. Functions of G&N System 

The G&N system has  the capability to control the spacecraft path 

throughout i t s  mission which, fo r  the basic Lunar landing mission il- 

lustrated in Figure  l, contains fifteen distinct guidance and navigation 

phases. Also required, Figure 2 ,  is the capability to guide abor ts  

f r o m  all phases p r io r  to t rans- ear th  injection. In o rde r  to perform 

these functions, three  distinct tasks  must  be accomplished. 

1. Determine position and velocity on present  spacecraft 

orbit 

2 ,  Compute future spacecraft  orbit or landing point and the 

initial conditions fo r  the required maneuver. 

3. Control application of thrust  o r  lift so as to achieve the 

desired new orbit  or  landing point. 

Tasks  1 and 2 are performed periodically during f ree  fall phases - an 

activity we r e f e r  to as navigation. Task 3 is performed continuously 

during powered maneuvers - an activity we re fe r  to a s  guidance. 

Guidance of the Apollo Spacecraft is inert ial ,  i. e. applied force is 

sensed by accelerometers  mounted on a gyroscopically stabilized 

platform and processed by a computer which generates steering and 

engine cut-off commands. (Figure 3). 
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The Lunar Excursion Module G&N sys tem also  utilized radar  and 

astronaut-visual inputs during the final approach to landing and 

therefore the LEM may be said to use  radar-visual- inertial-guidance; 

Figure  4 summarizes  the navigation mission phases and Figure 5 

_I 

summarizes  the guidance mission ph.ases fo r  the basic lunar  landing 

mission. These f igures indicate the flexibility and capability which 

the guidance sys tem must have. 

2 .  G&N System Description 

The p r imary  G&N system consists  of the following basic units: 

CSM Installation LEM Installation 

IMU Inert ial  Measurement Unit IMU Inert ial  Measurement Unit 

AGC Apollo Guidance Computer LGC LEM Guidance Computer 

PSA Power  Servo Assembly PSA Power Servo Assembly 

CDU Coupling Data Units CDU Coupling Data Units 

SXT Sextant AOT Alignment Optical Telescope 

SCT Scanning Telescope D&C Display and Controls 

D&C Display and Controls RR Rendezvous Radar 

L R  Landing Radar 

Grumman Aircraft Engineering Corporation is the contractor for  the 

rendezvous and landing r a d a r s  for  these installations. 

The other  G&N units l is ted have been designed and developed by the 

MIT Instrumentation Laboratory with associa te  contractors:  AC Elec-  

t ronics  Division of GMC, Sperry  Gyroscope Company, Raytheon 

Company and the Kollsman Instrument Corporation. A general  des-  

cription of the bas ic  units of the p r i m a r y  G&N system is as follows: 

IMU, Inert ial  Measurement Unit 

The iner t ia l  measurement unit is the p r i m a r y  inert ial  sensing device. 

Three  gyros  and th ree  acce le romete r s  are mounted on the innermost 

gimbal of the th ree  degree-of-freedom gimbal structure.  External  

fo rces  acting upon the vehicle are sensed by the accelerometers  of 
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th is  unit, which produce signals representing incremental changes in 

vehicle velocity. Signals proportional to changes in the attitude of the 

vehicles a r e  generated by the th ree  gimbal angle resolvers  of the IMU, 

and a r e  transmitted to the computer through the coupling data units 

(CDU). Accelerometer outputs a r e  t ransferred directly to the com- 

puter. Installation of the IMU with other G&N units is shown in  Figure 

6. 

AGC, Apollo Guidance Computer 

The computer is the data processing center  of the guidance and 

navigation system. It is a general  purpose, parallel ,  digital computer 

having a large fixed rope core  memory for guidance programs,  It has  

a n  additional erasable  ferrite core  memory sufficient to meet the op- 

erational requirements of all mission phases. Angle inputs to the com- 

puter  f r o m  the IMU and optics a r e  through the CDUs. Direct inputs to 

counters in  the computer are made f r o m  the IMU accelerometers.  

Discrete input and output sjgnals inform and allow the computer to 

control var ious  G&N modes of operation., Astronaut inputs and com- 

mands a r e  made through the data ent ry  keyboard on the main display 

console o r  the  navigation station control panel. The major outputs of 

the computer a r e  direct  engine commands, and thrus t  angle or attitude 

commands through the CDUs to the vehicle stabilization and control 

sys tem (SCS). The computer display panel is the major  astronaut 

monitoring unit for  the G&N system. Installation of the AGC with other 

G&N units is shown in Fig. 6 f o r  the CSM and Fig. 7 f o r  the LEM. 

PSA, Power  Servo Assembly 

The power se rvo  assembly is a support item and is used in al l  oper-  

ations involving the IMU, Optics and AGC. It provides various levels 

and types of d-c and a- c  power to the r e s t  of the G&N system. In 

addition, it serves as a location for various o ther  support electronics 

such as the servo control amplif iers for the IMU and optics drives. 
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Fig. 6 Location of the G&N System in the Command Module 
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The installation of the PSA is also shown in Figure 6 and 7 ,  

CDU, Coupling Data Unit 

The five coupling data units are used to t ransfer  angular information 

between the guidance computer and the IMU, optics, and the vehicle 

stabilization and control system. The CDU is essentially an  analog- 

digital conversion device. 

SXT Sextant, SCT Scanning Telescope 

These two optical units are mounted with the IMU on a rigid f rame-  

work, called the navigation base. The SXT is a two line-of-sight 

instrument used f o r  translunar midcourse navigation angle sightings. 

It is a narrow field, high power instrument witd%two-degree-of-freedom 

articulation. The SCT is a single line-of-sight, unity power instrument 

of wide field used f o r  general  viewing and ear th  and lunar landmark 

sightings during orbital  navigation phases,  Both SXT and SCT a r e  

operated in  the CSM by two optics CDUs, one for each degree of f r ee-  

dom. Installation of this  unit in  CSM with other G&N units is shown 

in Fig. 6. 

D&C, Display and Control 

A G&N display and control panel is shown in Fig. 8 fo r  the CSM lower 

equipment bay installation. 

The center  installation, second f rom the top in Fig. 8 is the SXT and 

SCT eyepieces, left and right respectively, with the optics display and 

control panel located directly below. 

The computer display and control is shown on the right in Fig. 8. The 

communication between the astronaut and computer is accomplished 

with this  unit. The computer display, top right, consists  of three,  

two-digit displayed numbers labelled"'program", "verb" and "noun" 

and three ,  five-digit general  word, read-out displays, The two-digit 
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displays a r e  coded for  various modes and instructions. The "program" 

display indicates the major operation mode of the computer. The 

"verb" and ''noun'' displays are used together and coded to give num- 

erous  possibilities of meaningful phrases  or  instructions. Examples 

of typical v e r b  and noun combinations are: 

Verb 

Display Decimal 

Calculate 

Terminate Display 

Noun 

Presen t  CDU angles 

Orbit Pa ramete r s  

Pitch Angle 

When the computer wishes to communicate a request for data, o r  

signal an  a l a r m  to the astronaut, the "verb" and "noun" numbers 

flash until the astronaut takes action. The astronaut enters  data to 

the  computer through the 12 button keyboard directly below the com- 

puter display in Fig. 8. A slightly abridged version of the computer 

control and display unit is mounted on the main display a r e a  of the CSM 

between the center  and left  astronauts,  and operates in parallel  with 

the unit in  the lower equipment bay. 

AOT, Alignment Optical Telescope 

The optical subsystem used in the L E M  vehicle is different f rom that 

in  the CSM in that a single, non-articulating telescope is used fo r  IMU 

alignment. This is a unity power instrument with wide field of view, 

and can be positioned in th ree  distinct viewing positions o r  a fourth 

position for storage during non-use. The AOT has  amanually rotated 

re t ic le  with visual read-out. 

RR, Rendezvous Radar 

The rendezvous radar  is a tracking r a d a r  which normally operates 

against a transponder unit on the o ther  vehicle. Basic inputs to LGC 

f r o m  the RR will be tracking angles, range and range ra te  signals, 
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LR, Landing Radar 

The landing r a d a r  will be installed on the LEM and will provide the 

LGC altitude and velocity signals during the powered landing man- 

euver. The landing radar  uses a four beam antenna array.  Three  

beams a r e  used f o r  CW velocity sensing, and the fourth beam pro- 

vides altitude in a FM-CW mode. 



111. DOCUMENT DESCRIPTION 

1. General 

To properly coordinate the crew activity with computer activity while 
performing G&N tasks,  a document was  evolved which met the following 
basic requirements:  

a: 

b. 

C .  

d. 

The document must define the computer logic flow necessary  for  
the accomplishment of a G&N task.  Each t a sk  (eg. Pe r fo rm 
landmark tracking) is performed by a computer program which 
specifies a sequence of computer jobs. 

It must define all parameters  which will be displayed to  the crew 
by the  computer o r  by supporting instrumentation. Similarly, it 
must a lso  define all the required crew inputs into the AGC necessary 
for  continuing the programmed logic flow. 

It must define the  points in the logic flow at which the computer is 
programmed t o  "hold" and wait fo r  a computer specified crew 
input, This affords the crew t i m e  t o  observe and acknowledge 
displays, make operational decisions and accomplish required 
resett ing of controls. 

It must define the  points in the program logic flow at which speci- 

fied data may be required and obtained f rom ground stations by 
either communications link with the crew or  telemetry uplink 
directly to  the computer. 

2 .  Format  

The format of the document is s imple  and straightforward (see App. A). 
The program is f i rs t  identified and its purpose stated in detail. Since the 
programs a r e  generated on a building block concept, the purpose wi l l  
define this  program in i t s  relation t o  the other programs which it affects. 
The assumptions s t a t e  prerequisi tes fo r  proper program operation. The 
assumptions include initial s ta tus  of controls, initial operational modes of 
subsystems,  and specific means of implementing the program. 

A brief description of the contents of each of the columns contained in 

the document follows : 

a. PROG CONT (Program Control) 

This column is used t o  flag the  points at which the  computer will 
s top in its sequence and hold for  an astronaut instruction. POSS 
HOLD is a possible hold dependent upon the  part icular  program 
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logic path followed. Also  indicated in this  column a r e  the mode 

changes required in the inert ial  subsystem and the stabilization 

and control sys tem to effect proper  operation of the G & N  system. 

b. AGC 

This  column defines the computer logic. The arrows and l ines 

indicate the logic flow and the interface with the crew. Also 

indicated a r e  all AGC displays and thei r  definitions. 

c. GROUND 

This column defines the interface between the AGC and the 

ground (downlink o r  uplink telemetry) and between the ground 

and the crew (voice). 

d. CREW 

This column defines the crew operation in the interface between 

the crew and 1) the airborne computer, 2)  related ground com- 

puter activity and 3) related functions of the Service Module 

Propulstion System (SPS), the vehicle Stabilization and Control 

System (SCS), the vehicle Reaction and Control System (RCS), 

and the Mission Events Sequence Controller (MESC). 

e, CHECKLIST 

This column contains a crew operations checklist keyed to the 

computer interface operation. The checklist can stand alone as 

a complete guide f o r  crew performance. It provides the following: 

1) defines the displays the crew should observe while following 

the program logic 

2 )  defines detailed individual crew action required including 

all relevant switch and control positioning 

3) provides notes, cautions and warnings for  the crew when 

appropriate 

4) defines displays which occur during abnormal operation and 

desired crew response 
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f .  TIME 

This column indicates normal t ime required to accomplish 

functional s teps  in the ckecklist. This t ime is rese t  to  zero  

a t  the s t a r t  of each step. 

g. TOTAL TIME 

This column indicates a cumulative t ime to perform the program. 

These t imes,  which a r e  generated by performing the document' s 

c rew check list in available spacecraft  simulators, a r e  useful 

f o r  mission planning, programming evaluation and training. 

3 .  P r o g r a m  Features  and Logic Flow 

A typical program Coast-Landmark Tracking Navigation Program 

(P22), is attached (App. A)  to demonstrate the use  of this  document and 

point out features not previously mentioned. A normal mission r e -  

quires  about 50 of such programs. Note that crew checklist i t ems  

are keyed to the adjacent program logic. 

The first arrow shows how the p rogram is nominally selected, 

Some programs  can be selected manually only (by a keyboard entryr), 

some automatically only (by the AGC), and the o thers  by ei ther of these 

methods. 

A "hold" and a computer request f o r  crew action a r e  indicated by 

flashing an appropriate verb-noun (e. g. in P 2 2 ,  line #460: flash V50 

N25 f o r  "Please perform checklist" and display in regis ter  #1 code 

00011 for "manual optics positioning"). 

Routines such a s  the Auto Optics Positioning Routine (R28) that 

are called by the program (e. g. , P 2 2 ,  line #570) .may be indicated by 

a logic box as shown or printed out in  entirety if  desired. (See R28 

printout attached). 

Points of computer testing f o r  co r rec t  G&N status o r  out-of-limits 

operation are indicated and the associated a l a r m s  are specified in the 

p rogram (e. g. , R27, line #145). 
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Displays of computer data which are updated every second a r e  in- 

dicated by ve rb  16. A stat ic display (e. g . ,  P 2 2 ,  line #590) is indicated 

by ve rb  06. 

The normal  method for  terminating the program is indicated. The 

AGC may: 1) request entry of the next logical program and wait for 

the program' s selection before proceeding. 2 )  automatically go to 

the AGC idling program, or 3) automatically go to the next required 

program. 

Decision points where the operator may elect to terminate the pro-  

g r a m  ea r ly  a r e  a lso  indicated. 
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IV DOCUMENTATION TECHNIQUE 

1. General - 
It was decided to use a digital computer to produce the Apollo Corn- 

puter LogiclChecklist Interface document. A computer permits 

rapid information re t r ieva l  and rapid update of the document. Only by 
having the information current  can the document be a valuable tool. 

The standard procedure in producing a document of this nature 
is to type out a l l  changes, draf t  out the logic flow path, and photo- 
graph the resul ts .  This technique requi res  a t  least  one week to pre-  
pare  the document for printing. Whenever updating of such a docu- 
ment is necessary,  the ent ire  section involved must be redrawn, The 
computer system,  however quickly produces a new, up-to-date copy. 

2. Computer Selection 

The MIT Instrumentation Laboratory facilit ies include several  com- 
putational systems. Of the systems available, the H-200 computer 
was  selected. This computer has  the very  basic advantages of (1) 

low operating cost, and (2) rapid turn-around t imes for processing. 
The peripheral equipment of 4 tape dr ives,  ca rd  readerlpunch and paper 
tape equipment a r e  more  than adequate for a l l  programs written to 

date. 

The type of programming encountered is mainly the formating 
and the manipulation of data files. Character  type machines, such 
a s  the H-200 systems,  allow ve ry  compact programs of this type to be 
written. This permits  operation on smal le r  systems.  Addressing 
problems a r e  also simplified. Output commands, a substantial par t  
of our programs, a r e  accomplished with a single instruction ra ther  
than the fixed word-length technique of internal formating and mani-  
pulation before generating outputs. 

3. Format  Specifications 

The content of the document is s tored on punched cards  and, in final 
form, on magnetic tape. Computer printouts can be obtained from 
ei ther  data file. A l l  changes, additions and deletions to mission tasks 
(AGC programs & routines) a r e  performed on the ca rd  file. The 
corrected card  file is use'd to update the appropriate mission tape.. 
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The headings described above were fitted into a 132 character  

line pr in ter  format. The data comprising each line is punched on two 

ca rds ,  The l ine division was selected so that logic flow is completely 

on the left card  and the checklist is on the right card. This allows 

the logic flow o r  the checkout to be prepared independently and 

corrected without requiring a computer, 

The programs used to obtain the printouts have been written to 

recognize various control symbols. Some of these occurwithin a 

printed line, When encountered, they cause repetitive i tems,  such 

as the vert ical  l ines (dots) to be printed. Another symbol defines a 

control card. The control ca rds  require the print  program to take 

some specific action. F o r  example, control  cards  a r e  used to in- 

s e r t  messages ,  print  standard headings and end the printing of a 

task. 

A l ibrary  of printing p rograms  has  been written. These pro-  

g r a m s  range in complexity f rom very  simple to highly sophisticated 

p rograms  that recognize 20 control ca rds  and respond to complex 

formating requests .  The s impler  programs will be-pass any unre-  

cognized requests. They rapidly produce printouts f rom ca rds  f o r  

proofreading and rewriting. They do not require  any set-up t ime 

and are generally run by the keypunch operator.  The more  elaborate 

p rograms  a r e  used to produce a print-out fitting the specialized needs 

of various groups. 

4. Document Generation 

The overall  flow of the document generation is shown in Fig. 9. 

This shows the functional relationship among NASA, the pr ime 

contractors (NAA and GAEC) and MIT. 

5. Printout  Generation 

Two techniques are used when obtaining printouts. Data is 

retr ieved f rom either ca rds  o r  tape. Normal operations have evolved 

into the procedure of using ca rds  to a b s o r b  change transients,  and 

then putting the final revision on tape. 
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To accomplish quick turn-around t imes,  the following procedures 

(Fig. 10) have proven to work adequately: 

A .  The rough original draft is routed through a single person 

f o r  distribution to the key-punch operators.  At this  time, 

difficult logic paths a r e  detaildd and abbreviations o r  

mathematical symbols encoded for the key-punch opera tors  

(Fig. 10). 

B. After keypunching is completed, the tasks a r e  run f rom 

ca rds  with the s impler  programs. The output is proofread 

and sent back to the keypunch operator for  correcting. One 

copy is placed in  the mas te r  file which defines what is 

currently on cards.  

co When all corrections are completed, the final pass  is made 

using elaborate programs. These programs allow the 

operator to vary  the printed format by means of control 

cards.  The final print-outs a r e  sent to the request orig- 

inators. 

D. A list is kept of all changes. The program tapes a r e  up- 

dated a t  regular intervals. The corrected card  file is w r -  

itten on tape in place of the old records.  Unaffected records  

a r e  copied f rom tape. The updated tape becomes the 

NUMASTER. The OLDMASTER se rves  a s  a backup tape 

until the next tape writing, a t  which t ime i t  is destroyed. 

E. Large  scale printouts and distributions occur a t  mission 

development milestones. These printouts a r e  made upon 

request  f rom the current  mas te r  tape. 

The response t ime of the data handling system is l e s s  than two 

days. This is sufficient t ime to punch corrections, verify the results ,  

and produce a new document. 
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r P R O O F  
R E A D I N G  K E Y  P U N C H  
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FINAL 
M A S T E R  UPDATE COPY MISSION TAPE 
c o  P Y  N + Z  REVIEW I F I L E  
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* 
MACRO 

WORKING GROUPS DISTRIBUTION 

Fig. 10 Documentation Flow Chart 
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6. Special Requests and Computer Techniques 

The mas te r  tapes a r e  maintained to provide access  to al l  data. 

They a r e  also used to answer requests  fo r  information which differs 

f rom the standard document format. 

A person could request only the AGC programs  usedduring a 

mission phase by placing a control card for  each desired program 

at the end of the print routine. The tape would be searched and only 

these printed. The form in which they appear could also be selected. 

"Pr int  only the crew checklist, compressing to  eliminate all spaces  

where no crew activity occurs  and inse r t  the checklist of al l  sub- 

routines that a r e  called", would require  only one control c a r d s  and the 

setting of one H-200 sense  switch. If it is desired to place the print-  

out in a book without losing data under the page fold bindings, another 

sense  switch is s e t  and the printout skips the page folds. 

A program is in use which allows the use r  to request that the 

interface document be expanded to incorporate all subroutines that 

occur (Fig. 11 ) e  This would normally be desired for  investigating 

details of a specific mission phase o r  a group of related activities. 

Such a printout specifies al l  crew and AGC activity in detail. 

Per iphera l  equipment required by this  program includes two 

data tapes. The mas te r  tape, which is used f o r  al l  other tape p ro-  

g r a m s  already contains control ca rds  fo r  insertion of subroutines. 

During normal operatinns these a r e  ignored. A second tape contains 

the routines that may be requested. 

During an expacded printout, each t ime that a routine is requested 

by the program,  it is searched fo r  and printed f rom the slave tape. 

Return is to  the originalcall  point of the program tape. 

When routines a r e  printed, the i r  assumptions and headings a r e  

skipped. A l l  other request ca rds  a r e  honored. While the routine 

is printing, the number column will print  an  -R- beside the l ine count. 

The routine may a lso  initiate a request  to inser t  data. Although in  
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th is  case  the same  tape is scanned fo r  the routine called, return is 

still to the original calling point. A push down l i s t  retains where 

the call  originated. Care  must  be exercised that the requesting 

control c a r d s  a r e  unique in composition so that the print program 

may avoid looping through the same  sequence. 

Concluding Remark 

The document described has  proven to be a very valuable 

tool in the in t ra  and inter  communications required to define the 

complex computer p rograms  and the related interfaces for  the air- 

borne guidance and navigation computer. The automated docu- 

menting technique yields fast  data retr ieval  and quick modification 

turnaround, 
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I 

APOLLO COMPUTER L O G I C  C H E C K L I S T  I N T t R F A C E  

C O A S T  - LANDMARK T R A C K I N G  N A V I G A T I O h  YEASURtMENT PROGRAM ( P  2 2 )  H i V  8 

P U k P O S E  4 1 )  TO LOCATE AND TRACK A LANDMARK S U I T A B L E  FOR N A V I G A T I O N  PURPOSLS.  THIb MAY B E  DONE U Y  THk AGC WITH T H t  O P T I C S  
AUTOMATICALLY P O I N T E D  AT A "KNOkN" ( S E E  A S S U M P T I O N S  BkLOWlLANDMARK dHOSE L O N G I T U D € o  L A T I T U D E *  AND A L T I T U D E  HAVE B E E N  
KEYED I N T O  T H E  DSKY B Y  T H E  ASTRONAUT. I T  MAY A L S O  BE DONE BY T H E  ASTRONAUT W I T H  T H E  O P T I C S  MANUALLY POINTED AT A 
"KNOWN' LANDMARK PREDETERMI~IEO BY T H E  ASTRONAUT OR A "KNOMN" OR wUNKNOWN" (SEE A S S U M P T I O N S  BELOW) LANDMARK 
S E L t C T E D  AT W I L L  D U R I N G  S E A R C H  FOR T A H G E T S  OF O P P O R T U N I T Y .  

( 2 )  T O  O B T A I N  A S I G H T I N G  MARK ON T H t  C H O S k N  LANDMARK. 

( 3 )  T O  CALCULATE THE O R B I T A L  P A R A H E T E 2  CHANGES GENERATED I ~ Y  T H E  LANDMARK L I G H T I N G .  

( 4 )  TO D I S P L A Y  T H E  O R B I T A L  PARAMETEK CHANGES GENERATED9 FOR D E C I S I O N  AS T U  T H E I R  V A L I D I T Y  BY T H E  ASTRQ!'JAUT/GROUMD 
B E F O R E  T H E I R  I N C O R P O R A T I D N  I N T O  THE AGC C A L C U L A T I O N  O F  S C  P O S I T I O N  AND VELOCITY.  

A S S U M P T I O N S :  ( 1 )  T H E R E  ARE TWO T Y P E S  OF LANUMARK TRACKING METHOGS: 

( A )  "KNOWN" LANDMARK TACKING-  THE TRACKING OF A LANDMARK I D E N V I F I E L ,  10 THk AGC BY L A T I T U D E I  L O N G P T U D E U A I ~ D  
A L T I T U D E  A F T E R  T H E  MARKS ARE C O M P L E T t e  

( 6 )  "UNKNOWN" LANDMARK TRACKING-  T H E  TRACKING AND ulARKIldG O F  A LANUMARK OR S U R F A C E  FEAVURC I D E N T I F I E D  TO Tt iE  
AGC O N L Y  A S  A UNKN3hN LANDMARK. 

( 2 )  D U R I N G  T H I S  PROGRAM T H E  G*N SYSTEM W I L L  HAVE N O  R E S P O N S I B I L I T Y  FOR A T T I T U D E  CONTROL O f  T H E  V E W P C L E e  POSSIDLE 
A T T I T U D E  CONTROL M E T H W S  M I G H T  t3E A S  FOLLOWS ( I N  ALL C A S E S  CARE MUST t jE  TAKEN TO MONITOR P O S S I O L E  IMPENDIRG G + N  
GIMBAL L O C K ) .  

( A )  MANUAL COldTHOL M Y  T H t  P I L O !  OH NAVIGATOR N I T H  THL R O T A T I O N  C O N l R O L e  

L I S T )  
[ B )  MANUAL R A J E  CONTkOL b Y  T H E  IJAVIGATOR k I T W  TkiE Y I N l M U M  IMPULSE CONTROL. ( A S S U M E D  FOR THE F G L L u w I N G  C h & C I (  

( 3 )  THE PROGRAM MAY BE PEWORBED k I T H  S i V 8  ATTACKED I F  T H E  SIVB I 5  IN A S U I T A B L E  A T T I T U D E  FOR LANDMARK TRACKXIUC?, 

( 4 )  THE IS5 I S  ON BUT H A S  FiUT N E C t S L A d I L Y  O L E N  A L I L N E D  S I h C t  T U R h  ON. T t iEHEFOHE THE 1.55 MAY BE: 

( A )  ON. AND AT AN I N E R T I A L  O k I E N I A T I O N  NOT KiiDHiN aY T H E  AGC: K.EB & E V E R  HAVING B t E R  A L I C I h E D  S I N C t  TURN O N o  

( 8 )  ON. AND AT AN I N L H T I A L  O K l c N I A T I O N  KidUkfu UNLY IhACCUHATELY BY 1 H t  UGC: I.E, HAVIkG BEEN ALIClMtO A T  LEAST 
ONCE S I N C E  T U k N  ON b U T  N U T  WITHIN T t i k  L A 5 T  - -HR>.  

( C )  ON. A N 3  AT AN I N L R T I A L  O K I t N T A T E U I V  K f ~ O k N  A L C U R A T t L Y  B Y  T H E  AGC: I s € *  HAVING b E E N  A L I G N E D  iuITHIN i h t  L A L T  
"HRS. 

N O T  HAVE A S A T I S t A C T O H Y  I M E H T I A L  K E F E H E N C t  TO ACCURATELY COMPLFTE THE P K O ~ R A M .  I F  ( C )  IS  I R U L  T h E  AGC HAS A S A T I S -  
1 F  ( A )  I S  T R U t  THE P R O W A M  CAi\INOT U t  C O M P L t r L U  K I T H J U T  Ah IMU ALIGNMENT. I F  ( 5 )  I 5  T R U t  T r i f  A G C  MOST P w B A t i L Y  D O E 5  

FACTORY I F r E H T I A L  R E F E H E Y C L  T O  ACCUGATELY C O M P L E l E  i ~ t  PRObdAM. CASES ( U )  A N D  I C )  H O H E \ l t R  ARE F U R T h E H  SULIJECT T O  
T H t  C O N S T R A I N T  3 F  LAH(;E MIUULk. CliNRQL A N b L L :  1 . t .  T t i E  t X I 5 T I k G  I N L N T I A L  O R I L N T A T I O N  M A T  MOT N C C E S S A H I L Y  B E  1 H C  
OPTIMUM TO NORD L I M B A L  LOCK. 
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' AGC GR3UND CRLW C H E C K L I S T  

*I .  C O N F I R M  OR S E L I i C T  FOLLOWING Srci ITCl i  
P O S I T I O h S  AT MDC I F  SIV8 ATTACHED 

P A N E L  8 

1. O + N / S C S  - G+N 

2 .  A T T I T U D E / M O N I T O K / t N T R Y - M O N I ~ O R  

3.  D t L T A  V - O F F  

4 .  LOCAL V E R T I C A L  - O F F  

5. L I M I T  C Y C L E  - O F F  

6 .  A T T I T U D E  DEADBAND - M A X  

7 r  e 0 5 L  k N T R Y  - O F F  

8 .  D I R t C T  R C I j  - OFF 

9. R O L L  R A T E  b Y R O  - NORMAL 

10. P I T C H  R A T E  ( IYHO - NORMAL 

11. YAW R A T k  GYHO - NORMAL 

1 2 .  ALC 2 O L L  CHANNLL - OFF 

13.  b&D e O L L  CHANNEL - OFF 

14. P I T C H  CHANFtEL - OFF 

15. YAW C H A N N t L  - O F F  

P A N E L  23 

( 5 )  T H E  GROUND TRACK D E T E R M I N A T I O N  R O U T I N E  H 23  I 5  A V A I L A B L C  TO A I D  THE C & E W  I N  T H E  S E L E C T I O N  OF A P P R O P R I A T E  
LANDMARKS. T H I S  R O U T I N t  MUST B t  S E L E C T t D  AND C O M P L E T t U  P R I O R  T O  S E L E C T I O N  OF P 22.  

( 6 )  T H E  PROGRAM I S  S E L E C T E D  BY THE A S l R O N A U T  BY DSKY LluTRY. 

T I M E  TOTAL 
T I M E  

# l o  
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2. P I i C H  G I M 8 A L  MOTOK 2 - OFF 

3.  YAW G I M b A L  MOTOR 1 - OFF 

4 r  Y A W  G I M B A L  MOTOR Z - OFF 

5. I N J t C T  PHEVALVE A - OFF 

60 I N J L C T  P R E V A L V E  B - OFF 

P A N t L  14 

1. U P T t L  - BLOCK 

2.  DSKY B R I G H T N E S S  - S E T  

P A i r ( t L  22 

1 .  IMU HTR-MNA .. C L O S E D  

2.  IMU HTR-MNB - C L O S E D  

3. IMU-MNA - C L O S E D  

4 .  IMU-14N6 - C L O S E D  

5. COMPUTER-MNA - C L O S E D  

6 .  COMPUTER-MNB - C L O S E D  

7 .  OPT I C s - M E A  - C L O S E D  

8 .  O P T I C S- M N B  - C L O S k D  

9 0  AC POWER-AC1 - C L O S E D  

10. AC POWER-ACZ - CLUSED 

1 1 .  G t N - A C  POdEH - A C 1  OR ACZ 

* I I .  C O K F I K M  O R  S E L E C T  F O L L O W I N G  S W I T C H  
P O S I T I O N S  AT MDC I F  S I V B  S E P A R A T E D  

P A N E L  8 

1. G*N/SCS - S C S  

2 .  A T T l T U D k / M O N I T O R / t N T R Y - M O N I T O R  

$160 

#170 

Y l 8 0  

l i Y 0  

# Z O O  

A -  5 



3. DELTA V - OFF 

4 .  LOCAL V E R T I C A L  - OFF 

50  L I M I T  C Y C L E  - ON 

6 .  A T T I T U D E  DEADeAND - MAX 

7 .  .05b ENTRY - OFF 

80 D I R E C T  R C S  - OFF 

9. R O L L  R A T E  GYRO - NORMAL 

10. P I T C H  RATE GYRO - NORMAL 

11. YAW R A T E  GYRO - NORMAL 

12. A L C  R O L L  CHANNEL - ON 

13. B t D  R O L L  CHANNEL ON 

1 4 .  P I T C H  CHANNEL - ON 

15. YAW CHANNEL - ON 

P A N E L  25  

l e  FDuI L T G  - A C 1  OH A C 2  

2 .  G R O U P  1 - A C 1  - C L O S E D  

3. G k O U P  1-ACZ - C L O S E D  

4 .  GROUP 2 - A C 1  - C L O S E D  

5.  G H O U P  2-AC2 - C L O S E D  

6.  G k O b P  1"NA - C L O S E D  

7 .  GROIJP 1"NB - C L O S E D  

8 .  GROUP 2"NA - C L O S E D  

0. G R O U P  2"NB - C L O 5 E D  

10. D I R t C T  CONTROL-MNA - C L O S E D  

11. O I R t C T  COkTROL-MNb - C L O S t D  

12. A L C  ROLL-MNA - C L O S E D  

13. A L C  ROLL-t*lNB - C L O S t D  

Y2lO 

a220 

$230 

# 2 4 0  

YZ60  

A -  6 



I 1 4 .  BCD ROLL-MNA - C L O S E D  

1 5 .  BLD ROLL-MNB - C L O S E D  

16. PITCH- MNA - CLUSEL,  

17. PITCH- MMB - C L O S E D  

18 .  YAW-MNA - C L O S E D  

20. GCN S Y N C  - OFF 

21. EVEivT T I M E R  MNA - C L O S E D  

22.  E V E N T  T I M E R  MNB - C L O S E D  

2 3 .  G I M b A L  MOTOR CONTROL P I T C H  1 
BAT A - C L O S E D  

2 4 .  G I M b A L  MOTOR CONTROL P I T C H  2 
BAT 0 - C L O S E D  

25 .  G I M u A L  MOTOR CONTROL YAW I 
BAT A - C L O S E D  

2 6 .  GIMUAL MOTOR CONTROL YAM 2 
B A T  B - C L O S E D  

M I S C E L L A N E O U S  

1. T R A N S L A T I O N  C O N T R O L S  - L O C K t D  

2 -  R O T A T I O N  C O N T R O L S  - U N P I N N E D  

P A N E L  6 

l o  A T T l T U D t  SET - OFF 

PANEL 7 

1 .  N O R M A L / O F F / D I R E C T  ON - OFF 

P A N t L  2 

1 0  F D A 1  S E L F  T E S T  - OFF 

i Z 7 0  

#280 

iYLYO 

1300 

#320 



2 .  F D A 1  b R I G H T N t S S  - SET 

3.  FCSh - A U T O / O V E R R I D E  - O V E R R I U E  

4 .  FCSM - O N / O F F / R E S t T  - O F F  

P A N E L  2 4  

1. S C S  POWER - A C 1  OR A C 2  

2 .  R A T t  GYRO POWEH - A C 1  OH A C 2  

3. BMA6 POW€R - A C 1  OR A C 2  

4. R O T A T I O N  CONTROL POrJER-AC1 OR A C 2  

5. TVC 1 POWEH - O F F  

6 .  TVC 2 POlJER - O F F  

P A N E L  3 

1. P I T C H  G I M B A L  MOTOR 1 - O F F  

2 .  P I T C H  G I M B A L  MOTOR 2 - O F F  

3. YAW GIMBAL MOTOR 1 - OFF 

4 .  YAW GIMBAL MOTOR 2 - O F F  

5 .  I F t J t C T  P R E V A L V E  A - O F F  

6 .  I t i J E C T  P R E V A L V E  t) - O F F  

Y330 

4 3 4 0  

t 3 5 0  

#360  
P A N E L  14 

1. U P T t L  - BLOCK 

2 .  DSKY C I R I G t i T N E S S  - SET 

P A N t L  2 2  

1. IMU HTR-MNA - C L O S E D  

2 .  II4.J H T R - M N ~  - C L O S L D  

3 .  IMU-MNA - C L O S E 0  

t 3 7 0  



4 .  IMU-MFIR - C L O S L G  

5 0  COMPUTEk-MNA - C L t i S t D  4380  

6 .  COMPUTER-MNB - C L O S E D  

7. O P T I C S- M N A  - C L O S t D  

8 .  O P T I C S- M N D  - C L O S E D  

9. AC POWER- AC1 C L O S k D  

10. AC P O k E R - A C 2  - C L O S E D  

11. GbN-AC POluER - A C 1  OR A C 2  

Y390 

* I 1 1 0  C O N F I R M  OH S E L E C T  FOLLOMING S W I T C H  
POSITlONS AT NAV S T A T I O N  

1. F L O O D L I G H T  CONTROL PRIMARY - S E T  

2.  F L O L l O L I b H T  C O k T R O L  SECONDARY - S E T  

3 0  IMU T R A N S F E R  - COMPUTER 

Y 4 0 0  

4 .  O P T I C S  S L A V E  T E L E S C O P E  - S T A R  L O 5  

5 .  O P T I C S  MODE Z E R O  O P T I C S  

6 .  O P T I C S  HOLD - OFF 

7. O P T I C S  CONTROLLER S P E E D  - H I  

80 O P T I C S  CONTROLLEH M O D t  - D I R E C T  

9 0  P A N t L  B H I G h T N E S S  CONTHOL - 5 E T  

10. IMU T t M P .  MODE - AUTO O V € R R I D E  

11. A T T I T U D E  I M P U L S E  € k A B L E  OFF 

12. C O N ~ J I T I O N  LAI-IPS - ON 

13 .  ALC MODE .. ON 

1410 

*420  



. . ... . 
"""""""""" 

S T A R T  LANDMARK 
T R A C K I N G  N A V I G A T I O N  . T R A C K I N G  N A V I G A T I O N  
MEASUREMENT .................... MEASUkEMENT PROGRAY 
PROGRAM ( P  2 2 )  . ( P  2 2 )  

"""""""""" 

K f i Y  I N  LANDMARK 

V 37  E 22 E 

"""""""""" 

"""""""""" 

D I S P L A Y  PROGRAM 22 
"""""""""" . . . . . 
"""""""""" 

F L A S H  VERB-NOUN TO 
R E Q U E S T  P L E A S E  P E R-  
FORM S E L E C T I O N  O F  

E R M I N A T I O N  PROGRAM 
IMU O R I E N T A T I O N  DET- 

( P 5 1 )  
V 5 0 N 3 7  
R1-00051 

"""""""""" . . . . 
. . 
. 
. . . 
. . . 
0 . 

"""""""""" 

WAIT FOH KEYBOARD 
ENTRY 

.................... . 

. .................... 

.................... . 

MONITOR DSKY: 
O B S E R V E  D I S P L A Y  OF 
PROG 22 
"""""""""" . . . 
"""""""""" 

MON I TOR DSKY : 
O B S E R V E  V t R b - N O U N  
F L A 5 H  TO R E Q U E S T  
P L E A S E  PERFORM 
S E L E C T I O N  OF P ( 5 1 1  

"""""""""" 

. 

. 
H A S  THE. ISS BEEN 

ON? 

"""""""""" 

A L I G N E D  S I N C E  TWU 

"""""""""" 

.h . Y  . . """- "_"" 
IS  THE. CSM 
S T I L L  ON T H t  
S I V B  . 

.N .Y . """"""" 

. . .  . .  
. .  """""_ 

DO B E F O R E  
R L S E L t C T I N G  
P 2 2  : . .  
CSM LOCAL . ( A I C O A S T -  

V E R T I C A L  . 
PHOGKAH . .  . .  . .  . .  . .  

* IV. S E L E C T  AGC PROGRAM FOR LANDMARK 
T R A C K I I ~ G  NAV. MEASUREM€NT 
S E L E C T  PROGRAM AT AN A P P R O P R I A T E  
T I M E  P R I O R  TO D E S I R E D  LANDMARK 
A C O U I S I T I O N .  

1.ENTEH LANDMARK T R A C K I N G  NAV. 

Y 4 4 0  

MEASUREMENT P R O G R A h  ( P  2 2 )  
v 37  L 22 E 

2 r  CHECK AGC D I S P L A Y S  PROGRAM 22 

* V CHECK AGC F L A S H E S  VERB-NOUN T O  
R E O U t S T  P L E A S E  PERFORM S E L E C T I O N  O F  
IMU U H L N T A T I O N  D E T E R M I N A T I O N  
PROGkAM ( P 5  1 1 

V50h07 
R 1-0005 1 

NOTE: I F  SIVB H A S  NOT B E E N  
S E P A R A T E D  O M I T  PROGRAM 

RAM 52 FOR PROGRAM 53  
I N  F O L L O W I N G  PROCEDUR€. 

2 1  AND S U B S T I T U T E  PROG-  

* 1 .  I F  IMU O R I E N T A T I O N  IS  UNKNOWlJ 
S E L E C T  T H E  F O L L O W I N G  IN ORDER:  

A. PROGRAM 21  
B e  PROGRAM 51 
C. PROGRAM 5 3  
0. PROGRAM 2 1  
E. PROGRAM 22 

* 2.  I F  I k U  O R I E N T A T I O N  I S  KNOW& BUT 
ivOT S A T I S F A C T O k I L Y  A L I G N E D  
> E L E C T  THE F O L L O i i I N G  I N  ORDER: 

A. PROGRAM 2 1  
U. PROGRAM 5 3  
C. PROGHAM 2 1  

PROGRAM 22  

NOTE: I F  T t I L  IMU H A S  NGT 
UEEN A L I G N E D  IFU T H C  
PAST --HHS. ANU/OH 
THE P O S S I B I L I T Y  O F  
G I M 6 A L  LOCK tXISTS 
T H t  CHEW/GHOUNO MUST 

Y430 

t 450  

t 4 6 0  

#470 

#480  

Aq- 10  



""""""" 

A D V I S E  CREh A S  
TO A N T I C I-  
P A T E D  G*N 
ERRORS AND 
SUBSEQUENT 

. . * . . e  . 
PROCEDURES.  
""""""" 

* .  * .  * .  * .  (tJ.21) 
KEY I h  

V37t21E """""_ . . . 0 .  . . .  
e . .  0 .  . . *  

E X I T  P Z Z  . .  
0 .  

0 .  

HAS THE IS5 BEEN 
A L I G N E D  WITHIN T H E  
L k S T - - H R S ?  

"""""""""" 

"""""""""" 

.N .Y . . . 
"""""""""" 

SHALL I ATTEMPT ro 
B Y P A S S  IMU A L I G h M E Y T  
"""""""""" 

.N .Y . . . . . 
""""""" 

A D V I S E  C R E W  AS 
TO P O S S I B I L I T Y  . * . . . . e * . . .  

.. 
5F GIMBAL LOCK .. 
""""""" . 

. 

. 
""""""" 

AM I h I L L I I U G  
TO R I S K  T H t  
P O S S I B I L I T Y  OF 
GIMBAL LOCK 
DURING THE 
LANDMARK ]RACK 
- I  NG? 
""""""" 

.Fi . Y  . """""""- 
15 THE CSM 
S T I L L  Oh T H t  . 
SI vt! """""""_ 

i <  * Y  . 
. . 
. . . . . . . . . . 

. 

. 

U E C I O E  I F  R E A L I G N M E N T  
CAN bf  B Y - P A S S t D .  

* 30 I F  IMU I S  S A T I S F A C T O R I L Y  

K E Y  I N  P R O C E t D  
A L I G N E D :  

V33E 
Y 4 9 0  

Y500 

Y510 

W530 



. . 
""""""" 

DO BEFORE Rk-. 
S E L E C T I N G  P22.  

CSM LOCAL 
( A )  COAST-  . 

.................... V E R T I C A L  . 
PROGRAM e 
( P 2 1 )  . 
KEY I N  

V 3 7 E 2 1 E  . 
0 . 

E X I T  P22 o 

0 . 
"̂"""""" 

DO B E F O R E  RE- 
S E L E C T I N G  PZ2:  

( A )  I luFLIGHT 

SIVEIIMU 
A L I G N  P H O t i R A M  

KEY IN 

................... ALIGNMENT- 

( P 5 2 )  

V 3 7 E 5 2 E  """""""- 
. 

0 . .  . 
E X I T  P 2 Z  

e 

. 

. . 

. 

. . . 

. . 
* 

. . . . 
0 

0 

D 

* 

. . 

. 

. 

# 5 4 0  

US50  

X560 

,570 

. ... 
t X I T  P 2 2  

. 
"""""""""" 

COMMAND IS5 
TO F I N E  A L I G N  MODE. 
"""""""""" 

. 

ObSERVE ISS 

MODE 

. """""""""" .................... 
5 r J I T C H  TO F I h L  A L I L N  

"""""""""" 

. 
"""""""""" 

E h T A b L I S H  A T T I T J U E  

* VI 

* V I 1  

C l i t C h  F I N E  ALItiN MUD€ L I G H T  ON. 

E S l A u L I S H  A l I I T U D E  CONTROL OF THE 
V E N I C L t  



al 3 

.n 
3 N 

3 

9 
+EL 

rn 
U 

1 
I-  

O 
z 
- w  
- z  C I -  

O W  o 

I 

o a  

n a  m 
Car 
o w  

il 
v) w .. 
X >  
rnJ 
-4J 
I U  

3 > z  
Z T  
a a  

m 

* 

- + e  
I 

Y 0 '3 

. 
4 

* > 
L 

I 
I 
I 

I 

1 

I 
I 

I 
I 
I 
I 

I l - I  
l 1 > 1  

I . . . . . . . . . .  
I 

. . .  
> 

z . . .  

I C - l  I 
I "J I 
I m a  I 
I O 3  I 
I n z  I 
I 4 1  
I o r  I 

. . .  

. . .  

. .  

. .  . 

I 

I 

I U  
I =  

I Z  
I C  

I W  
I 

I 
I >  
I Y  
l l d  

I r ,  

. . . . 
e . . 
e . . . 
e . 

I C  I 
I r n l  

0 I x u  I 
I m -  I 
I -I- I 

I 0 1  
1 -  I 
I z 1  
I O 0  I 
1 0 -  I 

I x n  I 

. . . .  

. . . . .  
e . . . . . 
0 . . . . . 

e . . .  . . . 
e . 
0 . . . . 
e . 

. . . . . . . . . . . . . . . . .  

e . .  
e . e . .  

D . 
I 
I 1  

I c w  I o x  

I Z  
l 3 W  
I o m  

. I  I W  
I LOA 

I d  
I >I- 
I r n  
I I W  
I m 3  
I J'W 
I I L L Y  

l a  

I z a  

I = a  

I a a  

Z I  o x  n o  1 
3 1  

I W  I 
In+ I 
J W  I W Z C U C Z  0 

~- . 

a i  

a z  I . . . . . . . . . . .  . 
3 1  

I W  I 
In+ I 
J W  I W Z C U C Z  0 P-0 
LL . . . . . . . . . . . . .  z w  

L L I  5 - 2  

~- . 

a i  

a z  I 

Y -  
Y h  
aN 

L a  . I  J C - 3  
T c n 

Y -  
Y h  
aN 

. . . . . . . . . . e . L L I  
L L I  

L a  . I  

. . . .  
b . 
. n  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . 
e 

. 

. . . . . . . 

. 

. 

. 

0 .  . 
e .  -"""" """"_ 

USE S X T  US€ 5 C T  
TO S E A R C H  T O  AC- 
FOR AND Q U I R E  
A C Q U I R E  KNDH'hl 
S U I T A C I L E  LANDMARK 

o LANDMARK "------- 
* """"_ . . . 0 . . 
. . . . ....... . 0 . .  . .  . . """""""""" 

I 5  LAkDMARK SUFF-  
e I C I E N T L Y  I D E N T I -  . F I A B L E  T O  TAKE MARKS 

~ """""""""" 

e .N Y.GO TO . .  . . S I G H T I N 5  . .  . .MARK . .  . .ROUTINE . .  . . ( R  2 7 )  
0 .  . .BELOwl . -  . . .  . 
0 .  . . .  . 

0 . .  . 
, """""""""" 

DO I N l 5 H  TO 
C O N T I N U E  
E F F O R T  T O  
TRACK A LAND- . . MARK 

. .Y N. 

. . """""""""" 
0 .  . . ..... . 
. """"_ 

5 E L k L T  . FtEw Pi40- 
LRAM A 5  . U E S I R E O  """"_ 

0 

. ... 

. t X I T  P22  

$670 



"-""""""""- . 
DO AUTO OPT I C s  

( R  2 8 )  

"""""""""" 

DO AUTO O P T I C S  
P O S I T I O h I N G  R O U T I N E  *..*...*.*.....*.... POSITIUNINti R O U T I N E  *. . . 

( H  2 8 )  """"""""""_ """""""""" 

. . 
"""""""""" 

SET T A R G E T  F L A G  T O  
LANDMARK FOR USE BY 
SIGHTING MARK 
R O U T I N E  (R27)  
"""""""""" 

. . 
"""""""""" 

SET MARK I N O E X  T O  5 
FOR U S E  BY T H E  SIGHT 
-1NG MAHK R O U T I N E  
(R27)  
"""""""""" . 

( S E E  A B O V E )  . . ... . . 

...*...... 

. 
... 

* 2. P E H F O ~ P I  AUTO OPTICS P O S I T I O N I N G  
H O U T I N t  ( R 2 8 )  FOR AGC A S S I S T k D  LAND- 
MARK A C Q U I S I T I O N  OR P K O C E E D  T O  3 .  

Iy710 

. 8 7 3 0  """"-"""""" 
DO S I G H T I F l G  MARK 
R U U T I N E  ( R  2 7 )  "-""""""""" . """""""""" 

"""""""""" 

DO S I G H T I h G  MARK * 3.  PERFORM SIbHTING MARK R O U T I N E  ( R  2 7 )  
* . . . * . . . e . . . . . . . . . * .  R O U T I h E  ( R  2 7 )  

. 
"""""""""" 

I S  O P T I C S  P O I N T I N G  

PROCLSS? 
COMPUTATION I N  

"""""""""" 

. Y  . N  . . 
"""""" 

T€Rlr l INATL . 
COMPUTATION. 
"""""" . 

. . . . . . . 
. . 

c740 

+ 7 5 0  

A-  15 



. . . 
"""""""""" 

S E L E C T  F I R S T  S I G H T-  
I N G  MARK DATA 
"""""""""" . . ........ . . . . . . . 

I .  . 
. . . .. 

* . . e m * . .  .. 
HOLD 

. . . . . . . . . . . . . . . . . . . . 

. . . . . . . 

. . . . . 

e . 
"""""""""" 

CALCULATE O R B I T A L  
PARAMETER CHANGES A S  
A R E S U L T  O F  T H I S  
LANDMARK S I G H T I N G  
MARK. 
"""""""""" . . 

e 
"""""""""" 

F L A S H  VERB-NOUN T O  
R E Q U E S T  P R O C E E D  AND * . . . * . . * . e . . .me . . e .*  
D I S P L A Y  O R B I T A L  . 
PARAMETEH CHANGES:  

VO6 N 7 5  
H 1  - DELTA P 
R2 - D E L T A  V 

DELTA P - MAGNITUDE 
OF T H E  D I F F E R E N C E  
BETWEEN T H E  P O S I -  
T I O N  S T A T E  VECTOR 
b E F O R E  AND A F T E R  
I N C O R P O R A T I O N  O F  
T H E  LANDMARK 

I N  F T  TO N E A K E S T  
S I G H T I N G  DATA-  

FT.  

DELTA V - MAGNITUDE 
O F  T H E  D I F F E R E N C E  
BETWEEN T H E  VELO-  
C I T Y  S T A T E  VECTOR 
B E F O R E  AND A F T E R  

T H E  LANDMARK 
INCOHPORATION O F  

S I G H T I N G  DATA. 
I N  F T / S E C  T O ' N E A K -  
E S T  F T / S t C e  

"""""""""" . 
. 

"""""""""" 

MONITOR DSKY: 
OBSERVE VERG-NOJN 
F L A S H  AND D I S P L A Y  O F  
O R B I T A L  PARAMtTEK 
CHANGES 

* x  

"""""""""" 

. . . 

. 

. 

. 

. . . 

. . 

. 

. 

. 

CHECK AGC F L A S H E S  VERB-NOUN TO RE-  
QUEST P R O C E E D  AND D I S P L A Y S  O R B I T A L  
PARAMETER CHANGES.  

V U 6  N 7 5  
H i  - D E L T A  P 
R;! - D E L T A  V 

Y7bQ 

5770 

DELTA P - H A C J ~ I T U D E  O F  THE D I F F E R-  
E K E  B E T k E E N  T H E  P O S I T I O N  S T A T E  

VECTOR B E F O R E  AND A F T E R  INCOH- 
P O R A T l O N  OF T h E  LAND MARK S I G H T-  

ry7ao 

IrLG DATA. I N  FT T O  NEAREST F T .  

DELTA V - MAGNITUUE O F  THE D I F F E R-  
L N C E  BETWEEN T h E  V E L O C I T Y  S T A T E  

V t C T O R  B E F O R E  AND A F T E R  I N C O R -  
P U H A T I O N  O F  T H E  LANDMARK S I G H T-  

I N G  D A T A *  I N  FTISEC TO NEAREST 
F T / 5 E C .  

iy790 



. . . . . . . . 

. . . . . . . . . . . 

. . . . 

. 

. . . . . . . . 

. . . . 

. . . 

. . 

. 

. 

. . . . . . . 
. - " . . . 

. . 

. . . . . . . . . . 
"""""""""" 

W A I T  FOR DSKY ENTRY 

"""""""""" 

ARk O R B I T A L  
P A R A M t T k R  C H A N L t b  
ACCEPTABLE F O R  IFi- 
S L H T I O N  I N T O  AGC 
C A L C U L A l  I O N  OF 
P O S I T I O N  AND 
V t L O C I T Y  
"""""""""" 

.Y N .  

. 
. 

. . . . . . . . . * . e . . . . . . . .  K t Y  I N  PROCEED 
""""""" 

V 3 3  E 
""""""" . 

T E R M I N A T E  F L A S H  UPON 
R E C E I P T  OF P R O C E E D  """""""""" 

OR T E R M I N A T E  
"""""""""" 

...*.....*.......... KEY I N  T E R M I N A T E  
v34 E 

.P T. 

.R E. 

.O R. 

.C M. 

.E I. 

.E N. 

.D A. 
T. . E. . . . 

"""""""""" 
0 ,  

UPDATE AGC DETER-  
M I N A T I O N  OF P O S I T I O N  
AND V E L O C I T Y  
"""""""""" . 

. 
"""""""""" 

I S  THIS THE CKNOWNC 
LANUMARK 
"""""""""" 

.Y .N 

. 
"""""""" . 
HAVE T H E  O R E I T A L  

CHANGES b E E N  
P A R A M E T t R  

CUMPUTEU T W I C E  

. 

. . 

. 

1. NAV A C C E P T S  DATA F O R  U P D A T E  OF 
P O S I T I O N  AND V E L O C I T Y  I N  AGC: 
KEY I N  P R O C E E D  

V 3 3  E 

2.  NAV R E J E C T S  DATA: 
KEY IN T E R M I N A T E  

V 34 E 

Y810 

"""""""""" 

X830 

NOTE: I F  THE LANDMARK WAS A 
"KIUOWN" LANDMARK T H E  AGC W I L L  
CALCULATE AND D I 5 P L A Y  O R 8 I T A L  
PAHAMETER CHANGES FOli EACH "MAKK" 

R L J E C T  THE. R E S U L T S  OF t A C H  

EACH MARK KAOk ( AND NOT R E J E C T L D  
BY T H E  NAV 1 U P  THROUGH THC F I H 5 T  

Xb40 

TWICE.  T H t  NAV MAY A C C E P T  OR 

CALCULATION. T H I 5  15 DONE FOH 

F I V E  MARKS. 
I F  THE LANDMARk WAS AN 

" U k K h O w N "  LANDMARK T H E  AGC i J I L L  
CALCULATE AND D I S P L A Y  O R B I T A L  

X850 

CHANCILS O h L Y  ONCE. FOR THL FIRST 
TWU h A R K S  WADE ( AND NOT R E J E C T E D  
UY THE NAV 1 .  T H t  NAV MAY A C C E P T  
OR R k J E C T  THE R E S U L T  OF T H E S E  
CAL CULATIONS.  I N  THIS C A S t  
A L I H O U W  T H E  S I G h T I N b  MARK 
R O U T I N E  ( R 2 7 )  W I L L  A C C k P T  F I V t  

A - I 7  
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A P O L L O  COMPUTER L O G I C  C H E C K L I S T  I N T E R F A C E  

AUTOMATIC O P T I C S  P O S I T I O N I N G  R O U T I N E  ( R  2 8 )  H t V  3 

A S S U M P T I O N S :  ( 1 )  T H E  O P T I C S  MODE S W I T C H  I S  IN 1 H t  MANUAL P O S I T I O h .  

( 2 )  T H E  R O U T I N E  I S  NORMALLY AUTOMATICALLY S E L E C T E D  BY THE COMMON ALIGNMENT R O U T I N E  ( R 4 )  DURING T H E  I N F L I G H T  ALIGNMENT-  
.SIVB/MU A L I G N  PROCAAM ( P  5 2 )  OR C5M/MU A L I G N  PROGRAM ( P  5 3 )  OK BY T H t  COAST-LANDMARK TRACKING PROGRAM ( P  2 2 9 e  

PKUG 
C O N 1  

AGC GROUhD CREW 

o A G C  R O U T I N E  
. S E L E C T I O N  . ... 
e 

"""""""""" 

S T A R T  AUTO O P T I C S  
POSITIONIhG R O U T I N €  
( R  2 8 )  

15 T H I S  COAST-LAND- 
MARK T R A C K I N G  PROGRAM 
( P  2 2 )  OH A LANDMARK 

.N 

"- 
"""""""""" 

I S  THk TARGET A S T 4 2  

"""""""""" """""""""" 

.Y .LANDMARK S T A 2 .  

. . . """"""""" """"""""" 

P U 5 5  . F L A S H  V€Rb-NOUN T O  . MONITOR DSKY: . .. e . . . . . .  . H E Q U E S T  P R O C E E D  AhD.................... ObSEKVE F L A 5 H I h r b  . 
HOLD . D I S P L A Y  S T O R E D  . LANDMARK I D E N T I T Y  

VLKB-NOUN T O  R E-  
W E S T  P R O C E t D  AND . . V06 N 4 4  D I S P L A Y  OF 5TORL.D 

P 2  - L O h G  
- R 1  - L A T  IANJUMAHK I D E N T I  JY . 

H3 - A L J  
""""""""" 

. . . . . 

C H E C K L I S T  T I M L  T U T A L  
T IMt 

* A. CHECK AGC F L A S H E S  VERB-NOUN T O  RE-  
Q U E S T  P R O C E E D  AND D I S P L A Y  STOHEO 
LANUMARK OH S T A R  I D E N T I T Y  # L O  

I f  LAtriDMAHK : 
V U 6  N44 
R 1  - L A T  
l id  - LONG 
H3 - A L T  



. 
LAT- LATITUDE OF 

LANDMARK. I N  
D E G R E E S  T O  NEAR- 

* E S T  -01 DEGR€ES .  
I S  NORTH . 

LONG-LONGITUDk O F  
LANDMARK. I N  
D E G R E E S  T O  NEAH- 
E S T  -01 DEGREES.  . 

. . 
+ I 5  E A S T  

A L T- A L T I T U D E  OF 
LANDMARK ABOV€ 

0 T H E  MEAN EQUATOR- 
0 I A L  RADIUS.  IN 

N A U T I C A L  M I L E S  
T O  R E A R E S T  .I NM. . """"""""" . . . . . 

""""""""" 

WAIT FOR KEYBOARD 
ENTRY 

. . 

. . 
""""""""" 

AM I S A T I S F I E D  
N I T H  T H E S t  V A L U E S  

.Y k.  
""""""""" 

. . 

. . 
0 . . 
e . 
0 .  . .  
0 .  . .  . .  . .  . 

e . . 
. 
""""""" 

KEY IFI P R O C E E D  

. .  . .  . .  . .  . .  * .  . .  
e .  . .  

T E R M I N A T E  F L A S H  

. """"""""" 

STAH C O U t  - STAH 
U t S I G N A T I O N  Ft4OM 
STAR CODE L I S T  

""""""""" 

. 

. 

. .  
""""""""" 

K t Y  I &  V 2 5  1.144 kND . 
LOAD LJLSIHEU 
P A K A M L T t R S  

* . 
""""""""" 

"""""""""" 

M O N I T O R  DSKY: 
OBSERVE F L A 5 H I N b  
VERB-W(IN  TU R E d U L 5 T  
PHOCELO AND D I S P L A Y  
OF S T U H L D  S T A H  C O D E  
"""""""""" 

"""""""""" 

AIJI I J A T I S F I C L ,  r i I T H  
T H I 5  5 T A H  COOL 
"""""""""" 

. Y  . lY . 
. . 
. 

L A T - L A T I T U D L  OF LANDMARK. I N  DEG- 
R L E S  T O  N E A R E S T  -01 UEGKEES. + 
15 I ~ O R T H  u 3 0  

LONG- LONGITUDE O F  LANDMARK. I N  
D t G R E t S  T O  N E A R L S T  -01 DEGREES. 
+ I S  E A S T  

A L T - A L T l T U D t  O F  LANDMARK ABOVE T H E  
MEAN E Q U A T O R I A L  R A D I U S .  I N  NAU- 
T l C A L  M I L E S  TU b E A R E S T  a 1  NM. 

+40  

I F  b T A R :  
V 0 6  N30 
R 1  - S T A R  CODE 

S T A N  CODE - S T A R  D E S I b N A T I O N  FROM 
S T A k  CODE L I S T  

# 4 0  

* tr. I F  b A T I 5 F I E D  k I T H  DATA KEY I N  PRO- 
C E E b  

w 3 3  € 

OR I F  NOT S A T I S F I E D  W I T H  DATA LOAD 
D E S I R t Q  DATA. 

FOR LANDMARKS: 
#60 

V25 N 4 4  
RI - L A T  
R L  - LOF(b 
R3 - A L T  

FOR S T A R :  
V L 1  N30 
H 1  - C O 3 E  

1 8 0  

A - 2 1  



. . . . . . 
""""""""" . 
WAIT F O R  KEYBOARD 
ENTRY ..................... 

0 .  . 
T E R M I N A T E  F L A S H  
UPON R E C E I P T  O F  ..................... 
P R O C E E D  OR NEW DATA. 
""""""""" . . . . . . . .......... . . . . . ............ . . . . . """""""""" 

CHECK O P T I C S  MODE . 
I N  T H E  AGC MODE . D I S C R E T E .  IS  T H E  OS5 

"""""""""" . 
Y. . . . 

P O 5 5  . ......... 
HOLD. . . . . 

. . 

. . . . . . . . . . 

. . . 

. 

N. 

. 
"""""""_ 
F L A S H  VERB-NOUN 
TO R E Q U E S T  
P L E A S E  PERFORM 
05s S W I T C H  TO 
AGC MODE 

V50 N Z 5  
R 1 - 0 0 0 1 3  """""""_ . 

. 

. 

. 

. 

. 

. 

. . 
. .................... 

. 

. 

. . 

. . . . 

. 

. 

. 

. . . . . 
""""""" 

KEY I N  P R O C E E D  
v 3 3  E . 

""""""" . 
KEY I N  V21 N30 AND 
D E S I R E D  S T A R  CODE 
LOAD D E S I R E D  S T A R  
CODE 

"""""""""" 

"""""""""" 

* C o  MONITOR MODE CONTROL T E S T  

AGC 7 E S T S  FOR COMPUTER CONTROL OF 
O P T I C S  BY C H E C K I N G  FOR COMPUTER 
P O S I T I O N  O F  O P T I C S  MODE S W I T C H  

* ( 1 )  P O S I T I O N :  COMPUTER. 
AGC P R O C E E D S  

Y90 

I100 

#110 

"""""""""" * 
MUNITOR DSKY: 
O B S E R V E  VERB-NOUN 
F L A S H  TO REQUEST 
P L E A S E  PEHFORM OSS 
S W I T C H  TO ALC MODE 
"""""""""" . 

. 
"""""""""" 

DO I WANT T O  P O S I -  
T I O N  T H t  O P T I C S  
MAFiUALLY 
"""""""""" lu. Y .  

( 2 )  P O S I T I O N :  MANUAL OH Z E R O  
O P T I C 5  

CHECK AGC F L A S H E S  VERB-NOUN 
T O  R E Q U E S T  P L E A S E  PERFORM 055 
S W I T C H  TO AGC MODE 11120 

V50 N25 
R 1  - 00013 

I 1 3 0  



. . . . . . . . . . O S 5  M U O t  . --------------- 
0 .  """"""""- . 

5% AGC . W A I T  FOR K t Y -  .................... S k I T C H  OPTICS TO . 
C N T R L  BOARD t N T R Y  0 .  A b C  MUDL AND . KEY IN t M T E R  . . . . . . . 

-"""""""" . *  . . 
( A )  N A V  A C C L P T S  R t O U E S T :  

CUMPUTER A N D  KEY I N  E N T E R  
P L A C E  O P T I C S  MOUE Sd T O  

( a )  NAV H t J E C T S  R t O U E S T :  

Y 140 

#A50 

""*""""" -""""""" 
.P . . .R . . 
.O .EKTEH . .C 
.E 

e .E 
.U 

. ... . ........ 
E X I T  R 2 8  

. . . .  . .  
e € X I T  H 28 

. 
"""""""""" 

OPTICS O I S C H E T E .  
E S T A B L I S H  M O N I T U R  O t  

"""""""""" . 
-"""""""" 
LET PHkSLIUT P L A T-  
F O R M  O R I E N T A T I O N  
F HObl 5TUkAGE """"""""_ 

........ . . . . 

. R ~ A L ~  P R ~ S ~ N T  V E ~ I -  
"""""""""" 

C L E  A T T I T U D t  F H U M  
ICLjLl5 (ASSUGL G A N D  . i i  HAS A T T I  T U O E  COI.1- . T K O L  O F  T h E  V k H I C L E  . OK ISS I 5  Irv F l r v t  
AL1Li.I i ,lDDk) 
"""""""""" 

. 

. . 
. 

. 
. 

. . . .  . .  . . .  . ." - " - " - . - . - 

K t Y  IN PRUCEEL; V 33 E AND 
P U S I T I O k  OPTICS MANUALLY 

4160 

Z l 8 0  

#190 

"1- 2 3 



. . . . . . . . . . . . . . . . . . . . . . . 
* 

* . . . . . . . . 
. . . . . . . . 
. . 
. 
. 
. . . 
. . . 
. 

. 
0 

"""""""""" 

CALCULATE THE RE-  
Q U I R E D  O P T I C S  A N G L E 5  
T O  A C Q U I R E  T H E  
TARGET 
"""""""""" . . . 
"""""""""" 

A R E  R E Q U I R E D  O P T I C S  
A N G L E S  G R E A T E R  THAN 
O P T I C S  S T O P S  

N .  .Y 
"""""""""" 

. . 
"""""""" 

TURN ON PROGRAM 
ALARM L I G H T  AND 
D I S P L A Y  

V 0 5  N 3 1  
R 1 - 0 0 4 0 2  

"""""""" . . . . . 

"""""""""" 

MONITOR DSKY: .................... CHECK PROGRAM ALARM 
L I G H T  I L L U M I N A T E S  
AND D I S P L A Y  OF t H R 3 R  
CODE TO I N D I C A T E  
THAT TARGET I S  
BEYONL D R I V L  L I M I T S  
O F  O P T I C S  
"""""""""" . . . . . v . .  

. .  . . E X I T  R 28  . . . 
"""""""""" 

D I S P L A Y  ON DSKY:  . 
V16 N 5 7  ................... 
R 1  - S H A F T  . 
R 2  - T R U N N I O N  

S H A F T -  
O P T I C S  S H A F T  A N 6 L t .  
IN D E G R E E S  T O  NEAR- 
E S T  a 0 0 1  DEGREE.  

T R U h N I O N -  
O P T I C S  TRUNNION 

TO N E A R E S T  .001 
ANGLE. I N  D E G R E E 5  

DEGREE. 
"""""""""" . . 

. 
9 

. ... 
E X I T  R 2 8  

"""""""""" 

MON 1 TOR DSKY : * 
O B S E R V E  DISPLAY O F  
R E Q U I R E D  O P T I C 5  
ArJ t iLES """""""""- 

C A U T I O N :  I F  PROGRAM ALAKM I L L U M I -  * z  10 
N A T E S  AND AGC D I S P L A Y  ERROR 
CODE 

V05 N31 
R 1  - 00402 

T A R G k T  I S  b E Y O N D  O P T I C S  

TARGET OR MANEUVFrR S/C I F  
P R A C T I C A L  

D R I V E  L I M I T S .  S E L E C T  NEbi 

8 2 2 0  

IJ. CHECK A 6 C  D I S P L A Y S  RE-  
W I R E D  S H A F T  ANGLE AND 
TRUNlvION ANGLE 

V16 N57 
R 1  - S H A F T  
H Z  - TRUNNION 

# 2 3 0  

S H A F T- O P T I C S  S H A F T  ANGLE. 
I N  DEtiREES TO N E A R E S T  -001 
CIEGREE. 

T H U N N I O N- O P T I C S  T R U N N I O N  AIUGLE. # 2 4 0  

L E G R E t .  
I N  D E G K E E S  T O  N E A R E S T  .001 

A- 2 4  



A - 2 5  
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