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CMC TOL ING PRNGRAM (% 991 ocr QFv o5 11/26/68 

€1) TO PROVIDE A PROGRAM TN FULFILL THE FOLLOWING PEQUIREMENTS: 

(A) PROVIDE AN INDICATION TO THE CREW THAT THE CMC 1S ENGAGED IN NA CONTROL OR COMPUTATIONAL OPERATIONS WHICH 
MIGHT REQUIRE CONSTDERATION FOR CNORDINATION WITH OTHER CREW TASKS IN PROGRESS. 

{B) TO MAINTAIN THE GNCS IN-A CONDITION WHERE MANUAL ATTITUNE MANFUVERS CAN RE MADE BY THE CREW WITH 
MINTMAL CONCERN FOR THE GNCS (SFE ASSUMPTION 3). 

(C} MAINTAIN THE CMC IN A CONDITION MF READINESS FOR ENTRY INTO OTHER PROGRAMS, 

€2) TO UPDATE THE CSM AND LM STATF VECTORS FVERY FOUR TIME STFPS. 

11) THE IMU MAY OR MAY NOT BF ON. TF ON, THE IMU TS TNERTIALLY STARUL IZED RUT NOT NECESSARILY ALIGNED TO AN 
ORIENTATION WHICH YS KNOWN TO-THE CMC. 

(2) TF NON-GNCS CONTROLLED ATTITINE MANFUVERS ARF MANE AY THE CREW CARE MUST BF TAKEN TC AVOID TMU GIMBAL LOCK, THE 
TMU GIMBAL ANGLES MAY RE MONTTORED BY OBSFRVING THE ICDUS (VI6 N20) OR BY MONITORING THE FOAT SALL. ' 

{3} OUP ING THIS PROGRAM THE CMC ERASABLF STORAGE MAY BE INITIALIZED AY KEYING IN V36E {FRESH START}. THIS WOULD BE 
MONE ONLY AT INTTESL CME STAPTUD OR WHEN THE CONTENT OF THE CMC FRASABLE STORAGE [5S IN QUESTION. IF THIS ENTRY IS 
DERFORMEN, THE C¥C*S KNOWLEDGE OF THE PRESENT STATE VECTOR AND THE PRESENT IML) ARTENTATION {PrFSMMAT) 1S INVALIDATED. 

{41 THE PROGRAM IS MANUALLY SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

(5) THIS PROGRAM TS AUTOMATICALLY SELECTED RY VOKE, WHICH MAY BE DONE DURING ANY PRnGRAM, STATE VECTOR INTEGRATION 
TS PERMANENTLY ITNHTRITEN FOLLOWING VO6F. NORMAL INTEGRATION FUNCTIONS WILL RESUME AFTER SELECTION OF ANY PROGRAM OR 
EXTENNEN VERA, POO INTEGRATION WILL RESUME WHEN POO TS RFESELECTED. USAGE PF VO6 CAN CAUSE INCORRECT W-MATRIX AND 
STATE VECTOR SYNCHEONTZATION. 
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PRELAUNCH OR SERVICE - INITIALIZATION PROGRAM (POT) LOGIC REV 04 07/08/68 

PURPOSE: (19) TO INITIALIZE THE PLATFORM FOR THE PRELAUNCH PROGRAMS. 

{2) TO PROVIDE AN INETIAL STABLE MEMBER ORFENTATION FOR GYRO COMPASSENG (P02). 

ASSUMPTIONS: {1} THE PROGRAM IS MANUALLY SELECTED BY DSKY ENTRY. 

(2) ERASABLE LOCATIONS HAVE BEEN PROPERLY INITIALIZED.( AZIMUTH, +13 LATITUDE, +13 LAUNCHAZ, #13; IMU COMPENSATION 
PARAMETERS) 
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PURPOSE: 

PRELAUNCH OR SERVICE -— CYRO COMPASSING PROGRAM {(PO2) LcGIc REV O04 11/27/68 

qn 

ASSUMPTIONS: 1) 

PROG 
CONT 

(2) 

TQ PROVIDE THE PROPER STARLE MEMBER ORIENTATION FOR LAUNCH, 

THES PROGRAM MAY SE ENTERRUPTEC TC PERFORM THE PRELAUNCH OR SERVICE - OPTICAL VERIFICATION OF GYROCOMPASSING 
PROGRAM {°02), 

V75 WILL PE KEYED IN AND DFSPLAYED DURING THIS PROGRAM TO PERMIT CREW BACKUP OF THE LIFTOFF DISCRETE. 

  

(3) THE PROGRAM IS AUTOMATICALLY SELECTED RY THE INITEALIZATION PROGRAM {(POl). 

(4) THIS PROGRAW HAS TRE CAPABILITY {VIA V78E} TO CHANGE LAUNCH AZIMUTH OF THE STABLE MEMBER WHILE 
GY ROCOMPASS INGs 
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PURPOSE: 

ASSUMPT EONS? 

++ 
+08 

+08 
+4 

PROG 
CONT 

PRFLAUNCH NR SERVICE - CPTICAL 
VERTFICATION OF GYRE COMPASSING 

(p03) 

7/12/68 

(1) TO PROVIDE &N GPTECAL CHECK FOR VERIFECATION OF ALIGNMENT OF THE STASLE MEMBER OF THE ISS DURING GYRO COMPASSING 
PRIOR TO LAUNCH. 

(1) THE PROGRAM TS MANUALLY SELECTED BY DOSKY ENTRY. 

€2)) THE ASTRONALT HAS ZEROED TEE OPTICS JUST PRICR TO PROGRAM (P03) SELECTION. 

(3) A MINIMUM OF 45 MINUTES BETWEEN V78E AND P03 (V65E) INSURES PROPER DAMPING OF TRANSIENTS. 

(4) IN CRDER TO PREMATURELY TERMENATE THIS PROGRAM AND RETURN TO PG2 THE ASTRONAUT MAY KEY IN V34E.0N ANY FLASHING 
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. . WITH ZEROES. . 

° . . . #510 

. . 

TERMINATE FLASH UPON . 
RECEIPT OF TERMINATE « 
GR PROCEED OR NEW . 
DATA . 
aaa ented . #520 
oP? of oNEW . , 
of o£ oCATA . 
0 oR . . 
oC aM . . 
o£ of . . 
aE aN . . 
oD aA . ° 
. oT ° . 
. of ° . 
. . . . 6530 

. « STORE NEW . 

. » OGATA . 
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TERMINATE PO3 
ANO REDISPLAY 
PO2. CONTINUE 
GYRO COMP AS— 
SING. 

. #550 

EXIT Po3 

TORQUE 2 GYRC PER 
ERROR #560 

TERMINATE PO3 AND 
REDISPLAY PO2. 
CONTINUE GYRO 
CCUMPASSING. 
won oe 4570 

EXIT Poa 

CHANGE CCNTROL NOTES 

LOGIC REV G6 PCR MIT 66 
LOGIC REV 07 = PCR 435 
LOGIC REV OB PCR 206 

PCR 493
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PURPOSE: 

ASSUMPTIONS: 

CMC PCWFR ROWN PROGRAM (P06} Lceic REV 08 07/0B/68 

(1) TO TRANSFER THE CMC FROM THE SPERATE TO THE STANDBY CONDITION. 

{1)) WHEN THIS PROGRAM [S TURNED ON THE ASTRONAUT MUST POWER DOWN THE CHC TC STANDBY. 

(2) THE NORMAL CCNCITICN OF REACINESS CF THE GNCS WKEN NOT IN USE IS STANDBY. ALL THE G/N CKT BKRS (PANEL 5) ARE 
CLOSED, THE IMU AND OPTICS G/N PCWER SWITCHES (LEB PANEL 100} ARE OFF AND THE CMC STANDBY LIGHT CDSKY) IS DON. IN 
THES CONDITION THE TMU {5S IN STANDBY WITH ONLY HEATER POWER ON, OPTICS POWER IS NFF AND THE CMC IS IN STANOBY. 

(3) A POSSIBLE CCNDITION OF REACINESS DOF THE GNCS WHEN NCT COMPLETELY ON IS THE SAME AS STANDBY (2) ABOVE, EXCEPT THE 
CMC STANDBY LIGHT ON THE MAIN ANC LEB OSKYS ES OFF. IN THIS CONFIGURATICN THE CMC IS RUNNING FOR COMPUTATIONAL 
PURPOSES THAT DC NCT REQUIRE THE IMU OR OPTICS. 

(4) TF THE COMPUTER POWER IS SWITCHED OFF IT WILL BE NECESSARY TD PERFORM A COMPUTER FRESH START {V36)£ TO 
INITIALIZE THE ERASABLE STORAGE. THE CMC UPCATE PROGRAM (P27) WOULD HAVE TO SE NONE TO UPDATE THE STATE VECTOR 
AND COMPUTER CLOCK TIME. 

(5) THE CMC 1S CAPABLE CF MAINTAINING AN ACCURATE VALUE OF 
GROUND ELAPSEE TIME (GET) FOR ONLY 23 HRS WHEN IN THE 

STANDBY MODE. IF THE CMC IS NCT BROUGHT OUT OF THE STANDBY CONDITION TO THE RUNNING CONDITION (SEE (3) ABOVE) AT LEAST 
ONCE WITHIN 23 HCURS THE CMC VALUE OF GET MUST BE UPDATED. 

(6) THE PROGRAM IS SELECTED BY TEE ASTRONAUT BY DSKY ENTRY. 

PROG cme GROUND CREW CHECKLIST TIME TOTAL 
CONT " TIME 

« CREW PROG 
e SELECTION 

START CMC KEY IN CMC POWER 
POWER DCWN . COWN PROGRAM (P06) 
PROGRAM (P06) Oe mee eneccocascesses V37E O6E #10 
DISPLAY PROGRAM 06 . Se ee 

. MONITOR DSKY: 
GASERVE OISPLAY 

. GF PROGRAM 06 

  

. #20 

. PO6/COLCSSUS 

. P06/SUNDANCE 
. “BPO6/LUMENARY



HOLD. 

SNAP. 

6a 

RESET REF SMMAT FLAG 

RESET RENCEZVOUS 
FLAG 

FLASH VERA-NOUN TO 
REQUEST PLEASE PER- 
FORM CMC POWER DOWN: 

V50 N25 
R1-00062 
R2~-BLANK 
R3-BLANK 

WAIT FOR KEYBOARD 
ENTRY 

  
. 

° 

° 

  

MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
PLEASE PERFORM CMC 
POWER DCWN 

PRESS PROCEED 
BUTTON AND 
HOLD DEPRESS- 
ED UNTIL 
STANDBY LIGHT 
COMES ON. 

Po6/COLOSSUS 
PO6/ SUNDANCE 
PO6/LUMINARY 
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TERMINATE FLASH UPCN 
RECEIPT OF PROCEEC 

#PROCEED oENTER 
«STANDBY « AR 

EXIT 

CHANGE 

LOGIC REV 97 
LOGIC REV 08 

oV34E . 
« AR . 
oV32E . 

oecenscctone 

CONTROL NOTES 

PCR MIT 66 

PCR NASA 296 

. 
FXIT 
POG 

) 
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OC G/LUMINARY 
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#90
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PURPOSE: 

ASSUMPTIONS: 

EARTH ORBIT INSERTICN MCNITCR PROGRAM (P11) LCGIC REV 06 27/08/68 

{1} TC INDICATE TO TRE ASTRONAUT THAT THE CMC HAS RECEIVED THE LEFTCFF CISCRETE. 

{2} TC GENERATE AN ATTITUDE ERROR INDICATICN ON THE FCAF ERRCR NEEDLES, SCALED FOR THE 50/15 SETTING; FROM 
LIFTOFF TO THE BEGINNING OF PITCHAVER/ROLLOUT THE ATTITUDE ERROR IS EQUAL TO THE DIFFERENCE BETWEEN THE CURRENT 
VEHICLE ATTITUDE AND THE ATTITUDE STORED AT LIFTCFF. DURING PITCHOVER/ROLLOUT THE ATTITUDE ERROR IS EQUAL TO THE 
DIFFERENCE BETWEEN THE CURRENT VEHICLE ATTITUOE AND THE CMC NOMINAL COMPUTATION OF VEHICLE ATTITUDE SASED ON THE 
STNMRED PCLYNOMIALS IR PITCH AND ROLL. 

13) TO CISPLAY CMC COMPUTED TRAJECTORY PARAMETERS. 

41) THE PROGRAM IS NORMALLY AUTOMATICALLY SELECTED PY THE GYRO COMPASSING PROGRAM (P02) WHEN THE CMC RECEEVES THE 
LIFTOFF DISCRETE FROM TEE SIVB. IN THE BACKUP CASE IT WOULD HAVE BEEN SELECTED BY KEYING IN V75 ENTER AS NOTED 
EARLIER IN PN2. 

(2) THE ORBIT PARAMETER DISPLAY ROUTENE IS AVAILABLE BY KEYING IN V82E. 

PROG cHc GROUND CREW CHECKLIST TIME TOTAL 
CONT TIME 

+ CMC PROG 
+ SELECTION 

START ECI MCNITOR «  MONETOR DSKY: 
PROGRAM (P1Lt a ecccccccccccesccees OBSERVE DISPLAY OF 
DISPLAY PROGRAM 11 » PROGRAM 11 
mate n mete n tet eew een n nen n= #10 

SEND EFFECTIVE TIME VERIFY AUTOMATIC 
OF LIFTOFF ON START OF DIGITAL 
DOWNLINK EVENT TIMER 

. #20 

Oe 

+06 ZERO CMC CLOCK 
4 en tee ene nnn nnn 
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UPDATE TEPHEM TO 
TIME OF LIFTOFF 

CALL AVERAGE 
G INTEGRATION 
WITH DELTA V 
INTEGRATION 

    

TERMINATE GYRC- 
COMPASS ING 

COMPUTE INITIAL 
STATE VECTOR 

COMPUTE REFSMMAT 

  

STORE LIFTOFF 
ATTITUDE 

C
r
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HOLD 
Poe weasee 
MON 

CALL ROUTINE TO MON ETOR ¢ 
Leal 1CDU DACS WITH . (A) FDAT ATTITUOE 
PITCH, ROLL» AND YAW sesceanevccnsccceses ERROR NEECLES AS 
ATTITUDE ERRORS DE- . INDICATION NF 
RIVED FROM PRESENT 
ATTITURE AND STORED 
LIFTOFF ATTETUDE 
UNTIL PRESENT TIME 
ECUALS TEL (STORED 
IN ERASABLE MEMORY) 
AT WHICH TIME THE 
STORED LIFTOFF ATT- 
ITUDE ITS REPLACED ey 
THE SCLUTION TO THE (Bt 
STORED 6TH CRDER 
BOOST POLYNCMI AL. 

AT TIME TE1 + TE2 
{TE2 IS STORED IN ~---. 

ERASASLE MEMORY) 
SHUT GFF BONST PCLY- 
NOMIAL ANC ROLD 
ATTITUDE ERROR NEEC- 
LES CONSTANT AT 
TERMINAL ERROR. 

AT 163.84 SECS SHUT 
OFF ROUTINE TO LOAC 
ICDU DACS. 

DISPLAY ON OSKY= 
VO& N62 
Ril - vI 
R2 - H DOT 
R3- 4H 

VI-INERTIAL VELO- 
CITY MAGNITUDE. IN 
FPS TC NEAREST FPS 

H MCT - RATE NF 

CHANGE OF VFHICLE 

ALTETUDE ABOVE 

LAUNCH PAD RADIUS, 

IN FPS TO 

NFAREST FPS 

CMC COMPUTATIONS 
OF INSERTION. 

BALL INDECATES 
INITIAL VEHICLE 
RCLLOUT AND THEN 
GRADUAL PITCH- 
OVER. 

OSKY: 
RI-VE INCREASING 
R2-H DCT FOLLOWS 
NOMINAL HISTORY 
R3-H INCREASING 
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H-VEHICLE ALTITUDE #130 

ABQVE THE LAUNCH 
PAD RACIUS. IN NAUTI- 
CAL MILES TO 
NEAREST 21 NM . 

VERIFY SATURN 
SHUT DOWN 

. #140 

KEY IN V3TEXXE 
TO PROGRAM SELECTED . . -- _ 
VIA ROG . 

. . 

eee oe #150 

EXIT Pll £XIT PLL 

CHANGE CONTRCL NOTES 

LOGIC REV 5 ecr 3 
LOGIC REV 6& PCR 206
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PURPOSE? 

ASSUMPTIONS: 

PRroG 
CONT 

TPT SEARCH PROCRAM (P17) Lceic PEV 09 11/27/68 

(1) TO ACCEPT A DESIRED TIME OF TRANSFER PHASE INETIATION (TIG(TPY}} AS A OSKY INPUT FROM THE ASTRONAUT, AND TO 
COMPUTE THEREFROM THE PARAMETERS ASSOCIATED WITH A MINIMUM ENERGY, SAFE PERIAPSIS TRANSFER MANEUVER AT TIG(TPI) 
AND THE RESULTANT RENDEZVCUS INTERCEPT. 

12) TO PROVIDE THE ASTRONAUT WITH THE OPTION OF DEFINING TC THE CMC THE INITIAL TRANSFER TRAJECTORY SEARCH SECTOR 
FOR CENTRAL ANGLES EITHER GREATER THAN OR LESS THAN 180 DEGREES FROM THE POSITION OF THE ACTIVE VEHICLE (CSM) AT TIG 
(TPT). 

(3) TO DISPLAY TO THE ASTRONAUT THE PARAMETERS ASSCCIATED WITH THE TRANSFER (TPL AND INTERCEPT). 

tl) EFF P20 IS IN OPERATION WHILE THIS PROGRAM IS OPERATING THE ASTRONAUT MAY HOLD AT ANY FLASHING DISPLAY AND TURN 
ON THE RENDEZVOUS SIGHTING MARK ROUTINE CETTHER R21 OR R23} AND TAKE GPTICS MARKS AND/OR HE MAY ALLOW VHF RANGING 
MARKS TQ ACCUMULATE. SEE P20 FOR DETALLED DESCRIPTION. 

(2) THE OPERATION OF THIS PROGRAM UTILIZES THE ACTIVE VEHICLE FLAG WHICH DESIGNATES THE VEHICLE WHICH IS DOING THE 
RENDEZVOUS THRUSTING MANEUVERS TC THE PROGRAM WHICH CALCULATES THE MANEUVER PARAMETERS. SET AT THE START OF EACH 
RENDEZVOUS PRE-TERUSTING PROGRAM. 

(3) TO EXECUTE THE TPI MANEUVER SELECT THE TRANSFER PHASE INITIATION (TPI} PROGRAM (P34}. 

14) THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

cmc ERCUND CREW CHECKLIST TIME TOTAL 
TIME 

« CREW 
« PROGRAM 

oee SELECTION 

START TPI SEARCH ° KEY IN TPI SEARCH 
PROGRAM (PIT). ee cccerccccscccesces PROGRAM (P17} 

« V3TELTE 

. #10 

  

MONITOR DSKY: 
OBSERVE CISPLAY 

OF PROGRAM 17. 

#20 

PLT/COLCSSUS
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aren esece 
SNAP 

70 

SET TRACK FLAG 
(SEE P20} 

SET UPCATE FLAG 
{SEE P20) 

SET ACTIVE VEHICLE 
FLAG TO CSM. 

  

FLASH VERB-NOUN TO 
REQUEST RESPONSE AND 
DISPLAY TIG(TPI): 

VO6N37 
RI-TIGCTPLI-HRS 
R2-TIGITPEI-MINS 
R3-TIG{TPI}-SECS 

TIGC(TPEI-TIME OF TPI 
IGNITION (GET. IN 
HRS,MINS, SECS TO 
NEAREST 2.01 SEC 
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ereecescecasceveces MONITOR DSKY? 
. OBSERVE VERB-NOUN 

FLASH TO REQUEST RE- 
SPONSE AND CISPLAY 
OF TIG(TPI). 

AM I SATISFIED WITH 

     

THESE VALUES? 
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WAIT FOR KEYBOARD 

ENTRY 

TERMINATE FLASH UPCN 
RECEIPT OF PROCEED 
OR NEW CATA 

STORE DATA 

eo 
e
e
e
 
e
a
t
e
r
 

RESET UPDATE FLAG 

COMPUTE VEHICLE 
POSITIONS AT 
TIG(TPT) ANC SELECT 
NCMINAL SEARCH OP- 
TION AS FOLLOWS: 
IF ACTIVE VEHICLE IS 
ABOVE PASSIVE VER- 
ICLE (NEGATEVE DELTA 
ALTITUCE) SELECT 
OPTION 00001. 
IF ACTIVE VEFICLE I5 
BELOW PASSIVE VEHICLE 
(POSITIVE DELTA ALT) 
SELECT OPTICN 00002 

    

. 
oe aeecescensacccvcen KEY 

err rrr ere Teer rere eee 

  

TN PROCEED 

KEY IN V25E AND 
LOAD THE DESIR- 
ED TIGUTPI} 
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FLASH VERB-NOUN TO 
REQUEST RESPONSE AND 
DISPLAY TPT PARA- 
METERS: 

VOONT2 
RI-DELT ANG(TPI} 
R2-DELT ALT(TPE) 
R3-SEARCF GPTION 

DELT ANGE TPII-~CENT- 
RAL ANGLE AROUND THE 
EARTH CR MOON AT TIG 
(TPT) BETWEEN THE 
ACTIVE AND PASSIVE 
VEHICLES. PCLARITY 
ENDICATES ACTIVE VE- 
HICLE IS BERKIND (-) 
OR AHEAC OF (+) 
PASSIVE VEHICLE. IN 
DEGREES TG NEAREST 
oO1l DEGREE. 

DELT ALT(TPTI-THE 
MAGNITUDE OF THE 
ALTITUDE DEFFERENCE 
BETWEEN THE POSITION 
VECTORS OF THE ACT- 
IVE AND PASSIVE VE- 
HICLES AT TEG{TPE). 
IN NAUTICAL FILES TO 
THE NEAREST .1 NW. 
POLARITY INCICATES 
THE PASSEVE VEHICLE 
IS ABOVE (+) OR BE- 
LOW {-) THE ACTIVE 
VEHICLE. 

SEARCH OQPTION-AN CP 
TION CODE TC CONTRCL 
CMC SEARCH FOR TERM- 
INAL PHASE 
DEFINITIONS 

QGOO1-CMC SEARCHES 
TO DEFINE & TERMINAL 
PHASE RHERE THE REK- 
DEZVOUS INTERCEPT 
OCCURS AT A CENTRAL 
ANGLE LESS THAN 18C 
DEGREFS FROM THE 
ACTIVE VEHICLE PCS- 
TTION AY TIG(TPE). 

car 
90902-SAME AS 

YOOO1 EXCEPT CENTPAL 
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MONITOR DSKY? 
ORSERVE VERB~NOUN 

FLASH TO REQUEST 
RESPONSE AND CISPLAY 
OF TPE PARAMETERS. 
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ANGLF IS GREATER 
THAN 180 DFGREES. 

WATT FOR KEYBOARC 
ENTRY. 

e
e
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Deere verscecccssoes 

  

perce escccseccccoes KEY IN PROCEED 

bO f WESH TO 
CHANGE THE SEARCH 
OPTION DISPLAYED? 

  

RECORD THESE 
VALUES 

00 1 WESH TO 
CHANGE TIG(TPI)? 
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POSS 
HOLD 

SNAP 

«ND eALARW 
e ALARM . 

. . 

SET UP- SET UP- 
DATE FLAG CATE FLAG 
USEE P20} {SEE P20) 
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FLASH VERB-NOUN 
TO REQUEST 2E- 
SPONSE AND DIS— 
PLAY PRCGRAM 
ALARM CCDE. 

VO5NO9 
Ri- 

R2- 
R3- 

EXPECTED ALARM 
CODE AT THIS 
TEME 18 ©0124 

WAIT FOR KEY- 

BOARD ENTRY 

TERMENATE FLASH 
UPCN RECEIPT CF 
RECYCLE. 

eee ecev ee swerccneccces 

MONITOR DSKY: 

COFS PROGRAM 

ALAQM ENDICATE THAT 

CMC CAN FIND AD SOL- 

UTION. 

TO ACJUST TIG 

{TPE} ANO/CR THE 

SEARCH CPTION 

KEY IN RECYCLE 
V32E 

Go m4 
mae 

ABCVE 
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SNAP 

TG 
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. 
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. ABOVE 

° 

eo» FLASH VERB-NOUN TO 
REQUEST RESPONSE AND 
OISPLAY CALCULATED 
TERMINAL PHASE 
PARAMETERS 

VOONSE 
R1-PER ALT 
R2-DELTA VETPI) 
RA-DELTA VITPF) 

PER ALT-ALTITUOE CF 
PERIGEE ABOVE LAUNCH 
PAD RADTUS CEARTH 
ORBIT? CR ALTITUDE 
OF PERILUNE ABOVE 
THE MOST RECENTLY 
DEFINED LANDING SITE 
RADIUS (LUNAR ORBIT) 
AFTER TPT MANEUVER 
IN NAUTICAL MILES TO 
NEAREST .1 NM. 

DELTA VEITPT I-REQUIR~ 
ED IMPULSIVE DELTA V 
TO ACCOMPLISH TPI 
MANEUVER AT TIG 
(TPT). IN FPS TO 
NEAREST 1 FPS. 

DELTA VUTPF I-RECUIR~ 
ED IMPULSIVE DELTA Vv 
TO ACCOMPLISH TPF 
MANEUVER AT TIME CF 
INTERCEPT. POLARITY 
INDICATES ACTIVE 
VEHICLE ASCENDIAG 
(+) OR CESCENDING 
{-} TO INTERCEPT. 
TN FPS TO NEAREST 21 
Fes. 

WAIT FOR KEYBOARD 
ENTRY. 

  

MONITOR DSKY=s 
OBSERVE VERB-NOUN 

FLASH TO REQUEST 
RESPONSE AND CISPLAY 
GF CALCULATED TER~ 
MINAL PHASE 
PARAMETERS. 

00 1 WISH TO ADJUST 
TIGETPLT) AND/CR THE 
SEARCH OPTIGN? 

RECORC THESE 
VALUES. 
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HOLD 
sen aeoeee 
SNAP 

° 

TERMINATE FLASH UPCN 

RECFIPT MF PROCEED. 
OR RECYCLE. 

   oP ef 
oR oF 
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ee oY 
of of 
«E eb 

BD oF 

. Go TT 
. naa 

. ABOVE 

FLASH VERB-NOUN TO 
REQUEST RESPONSE AND 
DISPLAY CALCULATEL 
PER CCDE ANC CENTANG? 

VO6NSS 
R1~PER CCOE 
R2-ALANK 
R3-CENTANG 

PER CCDE-DEFINES 
WHEN PERIGEF/PERI- 
LUNE WILL CCCUR REL- 
ATIVE TO TIGETPED 
AND TIME OF INTER- 
CEPT. 

ONOCL-INCDICATES 
PERIGEE/ PFRILUNE 
WILL OCCUR BETWEEN 
TPT AND TPF. 

6900 2-INCICATES 
PERTCEE/PERTLUNE 
WELL CCCUR AFTER 
INTERCEPT (BEYOAR 
THE RENDEZVOUS 
PCIAT}. 

Peace mecca ecaesenseee 

Pe enw ace aweecereosee 

V32E 

  

MONETOR OSKY: 
OBSERVE VERB-NOUN 

FLASH TQ REQUEST 
RESPONSE AND CISPLAY 
OF PER CODF AND 
CENTANG    
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CENTANG-THE GRBITAL 222 2 2 tet mene ne nena en 
CENTRAL ANGLE OF THE 0c f WISH TC ADJUST 
PASSIVE VEHICLE TIG(TPI} AND/CR THE 
DURING TRANSFER FRCM SFARCH OPTION? 
TIG(TPTD TO TIME em ne nnenn nnn me men mmm 
OF INTERCEPT. IN aN oY #450 

DEGREES TQ THE NEAR- . . 
£ST .01 DEGREES. ° 

. RECORD THESE . 

. VALUES ° 

ae mame me me . Somme crater ene 6 #460 

WAIT FAR KEYBOARD ee ereccvcccsccesseee KEY IN PROCEED . 
ENTRY. . were seem nnn 

TERMINATE FLASH UPON . wets e 
RECEIPT OF PROCEED, ceccscveccccsovcosersencee KEY IN RECYCLE 
OR RECYCLE. . V32E 

SRT ne men me ST #470 

=P eR . 
oR o£ . 
0 oof . 
of a see 
of of . 
o£ ol co Ta 
«dD oF "ae 
. . ABOVE 

. see #480 

. 60 Ta 

. nan 

. ABOVE 

OO ROUTINE POO ec eccecececesevecsee OO ROUTINE ROO #490 

EXIT EXIT 
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PURPOSE: 

ASSUMPT TONS 

PENNEZVOUS NAVIGATICN PROGAAM FP 2H) Leer REV 22 L2/P 6/62 

11) TO CONTROL THE CSM ATTITUDF AND OPTICS TO ACQtTeF THE LM IN THE SXT FEELS AND TO POINT THE CSM TOANSPANNEP AT THE 

LM OR TO CONTROL THE CSM @TTITURF TO ACQUIRE THE LM ALONG THE +¥ AXTS BASEN AN THE TPTION CIPF CHOSEN. 

(2) TA NPAATE ETTHER THE LM OR CoM STATF VELTOP FAS SPFCIFTED RY THE ASTPONANTT RY OSKY FNTPY) OM THE RASTS OF PPTIC AL 
TOACKING MATA ANE/OR VHF PANGE RATA, 

(1) THE IMU MUST ae cN ANN ALTGNED TN MPNES TO PpFREMeM THIS PRNGRAM, 

(2) THE (NCS TS TN CONTOME TE TRE VEHICLE TN THE AUTO MMMF IN THE NOMINAL CASE, TF THE ASTPONANT TAMES MYER CONTROL 
OF THE VEHTCLR WITH cue Tre COM WELL GERMAIN AT THE ATTITUDE TY 1S DPT VFM The REGAMILESS NF MNF SELELTION THE 
SNCS WILL PALCULATE THE DPEFERDER TRACKING ATTTTUCF ANA THE #X-AXTS TRACKING ATTITUNE, 

(3) PRUTINE RO3 HAC REEN DEREOD WED pREAR TO SELFETION OF THTS PlanpAM, Te MPPNER END THF CEOS TO PERENPM THE ALITOMATIC 
ATTTTURE MANEIVESS THE ASTRANATIT SHOUT KEY IN Y46F AT SOME TIME porne to THE FYEST ManellVpo, 

(4) THE LM TS MAINTATHIAG A OREFERREN TOACK ING ATTETIINE TO COROFCTLY PRIENT THE COTTCAL RE ACON, 

(8) THE OPERATION TF THE PRNGRAM INCLINES THE FILLOWING FLATS: 

PENDEPYOIIS FLAG] CONTROLS THE DERMANENT TFRMINATION OF THE TOTAL PENNE TNS MAYIFATION DPMEESS, THIS PROGRAM 

WILE ORLY PUN TP PESIME PINNING WHEN THIS FIAG TS SET. SFT RY P29 SFIFCTIOM, PESET RY SEFFCTSON OF CMC 
TOP TNG PRPERAMEOANY, CYP COWED DIWN PROGRAM{DN46), THE OPRYITAL MAYTGATICN FERGRAM (P2224, THE CTSLUNAR 
NAVIGATING DENGPAM (923), OP PY VS6F, THF KEYENG IN PF VEE WILL TMMEDTATCLY TERMINATE ©20 UNLFSS A 

SIAVICATION MEASHREMENT TS REENG PROCESSED I" WHICH CASE IT WILL HOLM UNTIL COMPLETION OF THE INCORPORATION 
AND THEN TERMIMATE 990, 

TOACK FLAT CENTRELS THE TEMPAPARY TERMINATION MF THE TOTAL RFNRE7VNUS NAVIGATION PONCeESS, PESFT OF THIS 
FLAG INTFESUDTS THE ALITRMATIC ATTITUNE MANEUVER /APTICS POINTING PPMCESS, AS WELL AS THE STATE VECTMR UPNATE 
pancesS, THE SET OF THES FLAG ENARLES SLL THFS® PRNCESSES. SFT AY O17, 29, 30, 21, 24_ 35y ABy A%e Thy T5e 

Fhe Ty TA, 72 SELECTION, PESET AY AN V37TEXKE 

HOBATE FLAG- CORNTPALS THE TEMONRARY TERMINATION (F THE STATE VECTOR IJPRATFE PROCESS ONLY. SET AY PIT, 20,5 394 
B¥_ FAy BE, AM_ 39, T4, 75, T7, 78, 79 SFLECTION, RESET BY ANY VA7FXXE ANT TT FS ALSO RESET AND SFY 
AYOTM THE PREFTHOUST COMDUTAT TONS TM PENTECT FRASAPLE MFMCRY, 

PREFEODEN ATTITUDE FLAGHMFEINTS WHICH ATTITUNE THE SPACFCPAFT [S$ TT 9F ATTGNEN TO AY ROL. SFT BY THIPN ON 
NE PAD, MP VIBE. ESET AY VITE, 

STICK ELAR = PESET RY FYERIITTON ME A POnreAM THANGE VIA 207 AND RY VERE, SET RY TAKING 8HC NUT OE DETENT 
WHEN TRE SC OF OMTPAL SWITCH TS CMO AND WHA THE THO TS MOT CLOCKWISE, CON SATE ARTVE 1S NOT PFOFORMED FF THE 

STICK FLAG TS SET, 

STATE VECcTOP FLAG = PFFINES WHICH STATF VECTOR WILE RE TPPOATER BY STGHTING MACKS ANN YVHE RANGING, Ser ta iM 

Ry pan THON TN ANT Yane, SFT TN CS¥ RY YRIF, 

P2O/C CL OSSUS



ere 

606 

++ 
+22 

P?2OSECLASSUS 

TA 
VHF PAAEE FLAG = SFT py Va7E, PESFY RY VRaE, AND RY Any EXYFCUITION NF A PRICOAM CHANGE VIA GN, ALLOWS 
AUTOMATTIC YHE ANGE TATA TH RE USER RY THE PENREZ VOUS HATA PPPCESSING enliT HE (O97), 

(6) THIS PRAGPAY TS SELECTEN AY THE ASTOQMAUT AY ASKY ENTRY, TT MAY RE TEOMINATED ay THE SELECTION OF THE CMC 
TOLING PRAGRAM FPnnb, CMC POWFR ANWN PROSRAM (P06), THE NRAITAL NAVIGATION OROGRAM (P22}, THE CESLIINAD NAVIGATION 
PROGRAM (P23) TR RY V56F. POO SFLECTIAN WILL TERMINATE P21 AND ANY OTHER PPAGRAM TN OPACFSS AND ESTABLISH POD. 
SLL MATHER PROGRAMS SELECTED WILL CHANGE TMF PROGPAM MIMBEP DISPLAYER ON THE OSKY ANT WILL NOT TERMINATE 920. THIS PRNGOAM TS MESIGNEN TA OPERATE AUTOMATICALLY AND STMULTANENUSLY WITH ANCTHFR PPOGRAM WITHOUT PEQUIPING USE OF THE 
NSKY UNLESS NON-NOMINAL CIRCUMSTANCES REQUIRE CHC COMMUNICATION WITH THE ASTRONAUT. IF V56F TS KEYED INTO THE DSKY 
AND 920 TS THE ONLY PENGRAM QUNNING, 2NUTINE ROO WILE BE INITIATEN. 

C7) WOMATREX INITTALE7AT TON FOR RENDEZVNUS MAY RE FNASLED (RESFT PENDWFLAG) TN ANY OF THE FOLLOWING WAYS: 

fA) KEYING IN OF VERR 9aF 

{R) COMPUTER FRFSH START {KEYING IN NF VERR 366) 

(Cb STATE vecToe Urnate FROM™ THE GeOWND 

{My STATE VECTOR CALCULATION MADE AURTNG FATPANCF TN P22, MP P23, 

(FY CHANGES TN INITIAL TZATION PARAMETERS IN V67 

(8) THERE TS A PENDEZVOUS OPTICS MARK COUNTER USED TN THE CMC TO CCUNT THE NUMBER Tf APTICS MARKS USED TO CHANGE 
EITHER STATE VFCTOR AND THERE 1S A RENNEZVOUS VHF PANGING MAPK COUNTER USEN IN THE CMC TO COUNT THE NUMBER OF 
VHF RANGING MARKS USEN TO CHANGE FITHER STATF VECTOR. 

THESE COUNTERS ARF 7ERPEN BY SEVERAL DESTINCT FVENTS, THEY ARF? 

{AY KFYIAG IN QF V37E2CE CINITIATION OF (7209), 

(8) COMPLETION OF THF TARGET DELTA V PROGRAM (076), 

(CY) SELECTION OF A NFW PROGRAM FROM A PRNGRAM WHICH HAD TUPNED ON AVFRAGE G {SEF ROO LOGIC). 

{D) OTNITTALTZATION ME THE W MATRIX FoR PENDEZVQUS {FOR ANY PFASON, SFF ASSUMPTION 7). 

CE} SFEFCTION ME RETURN TO FARTH PROGRAM (937) 

(9) SUMMARY OF EXTENDED VEPRS ASSICTATFO WITH THF PROGRAM: 
V44E -— SFT SUREACF FLAG-CAUSES TRACKING OF THE TANNING STT® BASEN ON THE STORED LANNING SITE 
V45E - PFSET SURFACE FLAG-CAUSFS TRACKING TF THE LM RASEN AN THE LM STATE VECTOR 
V5GE — ON R23 - ALLOWS RACK-UP MARKING ON THE LM, 

VS56F ~ RESET THE RENDEZVOUS FLAG. CAUSES TFERMINATINN NF P20, 
VS7E - OF R21 - ALLOWS MOTICS MARKING ON THE L™, 
VS5RF - PFESET STICK FLAG ~ ALIAW AUTO MANFUVFES 
VATE ~ W-MATRTX R¥S EPROAR NETSPL AY 
V76F ~ SFT POFFECPEN ATTITIDE FLAG — DPTVE Tr POEFERREN ATTITUNE 
V77F = PESET PPEFERPFEA ATTITUNE FLAG — PRIVE TD #x¥-AXIS ATTITUNE 
Va0F - SFT STATE VECTM® FLAG TP LM. DATA WILL UPMATE 1M STATE vertag 
Vaye — SET STATE VECTOR FLAG TO FSM. PATA WILL UPDATE CSM STATE VECTOR 
VATE - SET VHF PANGF FIAG - ALI SWS R22 TO ACCEPT RANGE DATA. 
VARE - BESET VHF PANGE FLAG — STMPS ACCEPTANCE OF PANGE DATA. 
vare — FESeT BENDWFL AG — CAUSE INTTTALTZATION OF W MATPTX END RENNEPVNUS AT NEYT nATA INCMRPPOATIAN 

P20/C0LNSSUS



PROG 
CONT 

TNCOMPLETE 

cMc 

Pl? 
P30 
Par 
P34 
P35 
PAR 
pia 

7% 
P75 

START PEMNE 7¥NOS 
STIAVICATTON SPOOR AM 

C7200, 
ATSPLAY 220 

—
 

PZ2O/TOT OS SUS 

SUMMARY OF ADDTTIONAL DATA MR JOBS AVAILABLE WHILF THES PROGRAM TS OPEPATING: 

AVATLABLE 
AVATLAALE 
AVATLABLE 
AVATLABLE 
AVATLABLE 
AVATLARLE 
AVATLABLE 
AyAT, ABLE 

AVATLABLE 
AVATLABLE 
AVATLABLE 
AVATLASLE 
AVATLARLE 
AVATLABLE 
AVATLAALE 
AVATLABLE 
AVATLARLE 
AVATLARLE 
AVATLABLE 
AVATLARLE 
AVATLARLE 
AVATLABLE 
AVATLABLE 
AYATL ABLE 

AVATLARLE 
avattasle 
AVATLARLE 
AVATLABLE 
AVATLARLE 
AVATLARLE 
AVATLASLE 

RE OUND 

  

8Y 
ay 
BY 
RY 
BY 

Feces 

  

KFY ING 
KEY ING 
KEY ING 
KEY ING 
Key ING 
KEY ING 
KEVING 
KEV ING 
KEY ING 
KEY ING 
KEV ING 
KEY ING 
KEYING 
KEY INS 
KEY ING 
KEYING 
KEY ING 
KEY ING 
KEVING 
KEVING 
KEY ING 
KEY ING 
KEY ING 
KEY ING 
KEY ING 
KFY ING 
KEY ING 
KEY ING 
KEY ING 
KEY ING 
KEY ING 

TN 
TN 
IN 
IN 
IN 

VB7EIT7E 
V37F30E 
V37E31E 
V37E34E 
V37E35E 
V37E3BE 
V37E39E 
V37ET4E 
VATETSE 
V3TET6E 
V37E7TE 
V37E7BE 
V37ETOE 
V4RF 

va2e 
VRIAF 

VASE 
VISNOGE 

VILON20F 
vVlon22£ 
VieN3se 
vienele 

VLONOZE 
VIGNOSE 
V1ieNo6F 
IN V4a6e 
vé60F 
Vale 
V62F 
V63E 
V96E 

KEV TN RENDEZ VOUS 
NAVIGATION POCROAM 
(P2708 

VATE20F 

een 

CREW 

2 CORW 
eOONT PAY 
SELECT IAN 

CHECKLIST TIME TOTAL 
Time 

#10 

1A 
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Pg TM STATUS CHECK 
ROUTINE (ROD) 

SET THE OREEFPRER 
AYTITUME FLAG 

SET THE STATE VeErtcR 

Ei AG TO THE tm 

SET TRACK 

    

7EON THE RENDE7TVQUS 
AOTITS MARK COUNTER. 

eee es eee aseeece 

  

MANTTA® skys 
OSSERVE NISPLAY 

Ae pon 

NO IMU STATUS CHECK 

PNUTIME CROZY 
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#60 

a70 
P2nsCOLassus



ZERD THE RENNEZYOUS 
VHF RANGING MARK 
COUNTER, 

EXTRAPOLATE PER MA- 

NENT STATE VECTORS 
(LM AND CSM) TO THE 
PRESENT TIME USING 

PRECISION YNTEGRA- 
TION   

TS TRACK FLAG 

  

SFT? 

  

  

SET? 
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606 
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CALL THE FNPF yOUS 
DATA PROCESSING 
ROUTINE ER224 

SET P61 COUNTER 
Foust TC 7FRO, 

SeT LM TARGET FLAG 

Eng uS€ BY AUTN 
PPTICS O9StTIONENG 
PAUTINE (REID. 

  

NO TeACKING ATTETUNE 
ONUTINE CRETP WHICH 
WILE CALL ATT ETYNE 
MANFUVE® PRUTINE 

(249) 

C
C
 

* 
e
e
r
 

. . 
wae eeccccesoseeceres 

THE RENAE PVNUS DATA 
PRACESSING POUTINE 
1S NOW AUTOMATIC 

DA TRACKING ATTITUNE 
ROUTINE (R61) WHICH 

WILE CALL ATTITUDE 
MaNEY VER ROUTINE 
tea6n) 

oer eeveee 

ee
 

e
e
 

e
e
e
 

e
r
r
 

e
e
e
 

e
n
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n
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CALL THE AUTO NeTICS 
POSITIONING POUTING 
(P52) 

WATT FOR KEYANARD 
ENTRY, 

PESPONSF TO VS6F 
Ne yATENDE 
IMMEDIATELY, 

oV a 
05 3 
5 7 
af oF 

an 
of 
aa 

eee reece eee eee 

  

THE AUTO OPTICS ens— 
TTIANING PUTING 
(P52) ANN THE TRACK- 
ING ATTITUDE @NUTINE 
(R61) APE NOW AUTOR 
MATIC. 

jn 1 DESTRE Tn 

TFEMINATE P20? 

OO 1 DESIRE TO 
SELECT CMC IOLING 
PROGR AMEP OO}? 

  

. . 
. . 

-------------- . 
SFEECT CMC . 
TDLENG PROGRAM . 
ten0%. . 
KFY TN . 

v37FO00F . 

    

KEY TH 

nee tee neceenensenenecscceseas VIOF 

Fylt o 2 

e
e
e
 

a
e
 

e
e
e
 

ee
 

e
a
e
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. 
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. 

. 

. on Te cue - = MBSERVE 

. EDLING PROGRAM .. .ccccnecceness DISPLAY MF ENO, 
. (900) VEA ROO 0 ete ee renee nen nnne 
« —ENATE? PAG . 
© WELL TERMINATE . 
« THE PENNE? VOUS, . 
» TRACK, AND UPH 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 

. 

    

. 
MATE FLAGS AND FXIT P20 
ALSO THE AUTE 
nPTics east- 
TEONING RNUH 
TINE (R529) 
AND THE @ ENT 2~ 
vous nata peo 

CESSENG ROUT- 

Twe ¢r22) 

TERMINATE 
THE REN 

DERVOUS, 
TRACK 
AND, UP~ 
DATE 
FLAGS AND 
THE AUTO 
OPTICS 
POs TTION~ 
ING RnU- 
TINE 
(8529 
AND THE 
PENDEZ~ 
vous pata 
PROCESS— 
TNG ROUT- 
TNE (R224 

1S 20 THE 
ANLY PRO 

GRAM RUN 
NING? 
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PUR POSE: 

ASSUMPTIONS = 

PROG 

CONT 

GROUND TRACK DETECMTAATTON PROGRAM (P21} LCGEC REV U6 UT/OB/6B 

(1) TO PROVIDE THE ASTRONAUT DETAILS OF HIS CROUND TRACK WITHOUT TKE NFEP FOR GROUND COMMUNICATION. 

(1) THE PROGRAM JS SELECTED ®Y THE ASTRCNAUT AY CSKY ENTRY. 

(2) THIS PROGRAM MAY AE SELECTEf WHILE THE CSM IS IM EITHER EARTH OR LUNAR ORABIT TN DEFINF THE GROUND TRACK OF 
FITHER THE LM CR CSM, 

(3) THIS PRQGRAM ASSUMES TEF VEHICLE WHCSE GROUND TRACK PARAMETERS ARE CALCULATED TO REMAIN IN FREE FALE FROM THE 

PRESENT TIME UNTIL T LAT LOAG. 

CMC EREUND CREW CHECKLEST TIME TOTAL 

TIME 

CREW 

«PROGRAM 

«SELECTION 

START GROUNT TRACK . KEY IN GROUND TRACK 

DETERMINATION ves ecereseccecccoene DETERMINATION 
PROGRAM (P21). . PRNGRAM (P21) #10 

DISPLAY PROGRAM 21 V37E21E 

  

MONITOR DSKY: 

ORSEQVF OTSPLAY OF 

. PROG2AM 21 

me em ene ee #22 

  

e
e
e
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w
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FLASH VERB-NOUN TO 
REQUEST RESPONSE AND 
DESPLAY OPTION CODE 
FOR ASSUMED VEHICLE 
{LM OR CSM) 

V04 NOG 
RI 00002 
R2 G000x 
R3 BLANK 

R1 IS THE CPTION 
CODE FOR ASSUMED 
VEHICLE. 

R2 IS THE ASSUMED 
OPTION: 

00001 - THIS 
VEHICLE 

00002 - OTHER 
VEHICLE 

WAIT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH UPCN 
RECELPT OF PROCEED 
OR NEW CATA. 

oP «NEW 
ok oDATA 

cf . 
te 

of STORE 
oF NEW 
oD DATA 

. 

eee enceenes 

MONITOR DSKY: 
OBSERVE VERE-NOUN 

FLASH TO REQUEST 
RESPONSE AND CISPLAY 
OF OPTICN CODE FOR 
ASSUMED VEHICLE 
{LM OR CSM). 

1S THE ASSUMED 
OPTION CARRECT? 

  

KEY IN 
PROCEED 

KEY IN V22E 
AND LOAC THE 
DESIRED GPTION 
INTO R2 

e
o
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FLASH VERB-RKOUN TO . 
REQUEST RESPONSE AND weeencesacces 
DISPLAY T LAT LONG: . 

VO6& N34 
R1i-T LAT LONG-HRS 
R2-T LAT LONG-MIN 
R3-T LAT LONG-SECS 

T LAT LONG - TIME 
(GET) AT WHICH LAT 
AND LONG CF VEHICLE 
PCSITION IS DESIREO 
IN HRS, MINS, SECS 
TO NEAREST .01 SEC. 

° 

WAIT FOR KEYBOARD ° 
ENTRY a erecccoces 

TERMINATE FLASH UPON 
RECEIPT OF NEW DATA . 
OR PROCEEC 

  

) 

MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
RESPONSE AND DISPLAY 
OF T LAT LONG. AM I 
SATISFIED WETH THIS 
TIME? 

oN oY 
. . 

. . 

. . 

. . 
eee 

e KEY IN 
« PROCEED 

KEY IN V25E AND LOAD 
DESIRED T LAT LONG. 

Pr 
« 
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SNAP 

94 
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CALCULATE LATITUDE, 
LONGITUDE AND ALT I- 
TUDE OF VEHICLE AT 
T LAT LONG 

FLASH VERB-NOUN TO 
REQUEST RESPONSE AND 
DISPLAY LATITUDE, 
LONGITUDE AND 
ALTITUDE: 

vO6 N43 
R1-LAT 
R2-LONG 
R3-ALT 

LAT-LATITUDE OF 
VEHICLE. + IS NORTH. 
IN DEGREES TO NEAR- 
EST .Of DEGREE. 

LONG-LONGITUDE OF 
VEHICLE. + IS EAST. 
IN DEGREES TO NEAR~ 
EST .O% DEGREE. 

ALT-ALTETUOE OF 
VEHICLE ABOVE THE 
LAUNCH PAD RADIUS 
CEARTH GRBIT) OR 
THE LUNAR RADIUS AT 
THE MOST RECENTLY 
DEFINED (SEE SECTION 
5 OF R577) 
LANDING SITE {LUNAR 
ORBIT). EN NAUTICAL 
MILES TO NEAREST 21 
NM. 

MONTTOR DSKY? 
OBSERVE VERB—NOUN 
FLASH TO REQUEST 
RESPONSE AND DISPLAY 
OF LATITUDE, LONGI- 
TUDE AND ALTETUDE 
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++ 

WAIT FOR 
ENTRY 
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eee esesvce 

  

DO ROUTINE ROO 

ee
 
e
e
 
e
e
 

ENCREMENT T-LAT- 
LONG BY 10 MIN. 

KEYBOARD 

TERMINATE FLASH UPON 
RECEEPT OF RECYCLE 
OR PROCEED 

  

Pree rer err erry 

ao eece re cesesvece 

DO I WISH TO CBTAIN 
NEW PARAMETERS FOR 
A TIME 10 MEN. 
LATER THAN THAT 
WHICH APPLIES TO 
PRESENT DISPLAY? 

  

oY 

WHEN FINISHED . 
WITH DISPLAY . 
KEY IN . 

PROCEED . 

  

WITH DISPLAY KEY 
IN RECYCLE 

V32E 
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PUR POSE: 

ASSUMPTIONS: 

ORBITAL NAVIGATICN PREGRAM {P22} LOGIC REV 11 11/26/68 

(1) TC LOCATE ANC TRACK A LANDMARK SUITABLE FOR NAVIGATION PURPOSES. 

t2) TC CBTAIN SICHTING MARKS ON THE CHOSEN LANOMARK. 

{3) TO CALCULATE THE ORBITAL PARAMETER CHANGES GENERATED BY THE LANOMARK SIGHTING MARKS. 

{4) TQ DISPLAY THE CRBITAL PARAMETER CHANGES GENERATED BY TEE FIRST SIGHTING MARK ON A LANDMARK, FOR CECISION BY THE 
NAVIGATOR/GRCUND AS TO THE VALIDITY OF THE LANDMARK AND NAVIGATION PROCESS PRIOR TO INCORPORATION OF STATE VECTOR 
CHANGES AS A RESULT OF THE SIGHTING MARKS. 

(5) TC FROVIDE UPCATEC CCCROINATES OF THE KNOWN LANOMARKS. 

(6) TG PROVIDE CCORCINATES OF UNKNOWN LANDMARKS. 

(7) TO TRACK A PRELCADEC LANDING SITE. 

(8) TO PROVIDE CCORCINATES CF A NEW LANDING SITE(TREATED AS AN UNKNOWN LANDMARK) 

(9) TC PROVIDE CCORCINATES CF AN OFFSET LANDING SITE. 

(10) ue THE OPTICS ALCNG AN ADVANCEL ORBIT ERCUND TRACK FOR THE PURPOSE OF TRACKING AND MAPPING A NEW LANDING 

(1) THERE ARE 25 KNCWN LUNAR LANCMARKS STORED IN FIXED MEMORY IN THE CMC AND ONE LANDMARK MAY BE STORED IN ERASABLE 
MEMORY IN THE CMC. THE LANDMARK STORED IN ERASABLE MEMORY IS REFERRED TG AS THE LANDING SITE AND IS DESIGNATED BY 
LANCMARK CCDE NUMBER O1, THIS CODE IS AVAILABLE FOR LUNAR LANDMARK STORAGE ONLY. 

€2) THERE ARE TWO TYPES OF LANDMARK TRACKING METHODS: 

(AY PKNCHA™ LANDMARK TRACKING - THE TRACKING OF AN EARTH LANDMARK MADE KNOWN TO THE CMC BY LATITUDE, LONGITUDE 
DOVER 2, AND ALTITUDE AND THE TRACKING OF A LUNAR LANDMARK MADE KNOWN TO THE CMC BY ITS LANDMARK CODE 
NUMBER OR BY LATITUDE, LONGITUDE OVER 2, AND ALTITUDE. 

(BD @CUNKNOWN)® LANOMARK TRACKING ~ THE TRACKING OF A LANDMARK OR SURFACE FEATURE IOENTIFIED TO THE CMC AS AN 
UNKNOWN LANDMARK, ONE WHOSE COORDINATES ARE NOT KNOWN. 

{3) TRERE ARE TWO TYPES OF LANDING SITE MAPPING METHODS, IN EITHER CASE THE LANOENG SITE COORDINATES MAY BE STORED IN 
CMC MEMORY (REFER TO ASSUMPTION 1), THEY ARE: 

(A) LANDING SITE DESIGNATION ~ TRACK AND MARK ON AN UNKNOWN LANDMARK. STORE THE RESULTING COORDINATES IN 
LANDMARK CODE Cl. IF MAPPING ONLY IS DESIRED, T.E. NO STATE VECTOR CALCULATECN OR CORRECTIONS, THE 
ASTRONAUT NEED TAKE CALY ONE MARK. 

P22/CQLOSSUS
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{B} LANOING SITE OFFSET - WHILE TRACKING AND MARKING ON A PRIMARY LANDMARK (KNOWN OR UNKNOWN), POINT THE 
OPTICS SLOS AT THE CHOSEN LANDING SITE AND MARK [T ONCE, (AT LEAST ONE MARK ON THE PRIMARY LANDMARK MUST 
HAVE BFEN WATE PRIGR T90 THIS}, THEN CONTINUE MARKING ON THE PRIMARY LANDMARK. STORE THE RESULTING 
COORNINATES CF THE OFFSET LANDING SITE IN LANDMARK CODE G1. THE ASTRONAUT HAS THO WAYS OF DEFINING TO 
THE CMC WHICH MARK WAS MADE ON THE OFFSET LANDING SITE. THEY ARE: 

1. KEY IN V52E AFTER MARKING ON THE OFFSET LANDING SITE. THIS WILL SET THE INDEX OF OFFSET DESIGNATOR 
ECUAL TO THE VALUE OF THE MARK COUNTER. 

2. SIMPLY MARK CN THE OFFSET LANDING SEITE BUT MAKE A MENTAL NOTE OF WHICH MARK IN THE SEQUENCE IT WAS 
AND THEN SET THE INDEX GF OFFSET DESIGNATOR TO THAT VALUE WHEN IT IS DISPLAYED FOLLOWING THE SIGHTING 
MARK RCUTINE. 

(4) ACQUISITION GF A LANDMARK MAY BE AEDFO BY THE CMC BY USE OF THE AUTOMATIC OPTICS POSITIONING ROUTINE ([R52)6 
CARE SHOULD BE EXERCISED WHEN AN UNKNOWN LANDMARK IS CHOSEN TO KEEP THE OPTICS OUT OF THE CMC MODE TO AVOID POSSIBLE 
PROGRAM ALARMS, 

(5) ACQUISETION CF 4 PRELCADED LANDING SITE MAY BE AIDED BY KEYING LANDMARK CODE O1 INTO THE VOSN70 DISPLAY FOR USE BY 
THE AUTCMATIC OPTICS PCSITIONING ROUTINE (R52). TO IMPROVE THESE COORDINATES REFER TO ASSUMPTION 3. 

(6) DURING LUNAR OREIT WHILE IN THE C¥C IDLING PROGRAM (€P00} THE LUNAR LANDMARK SELECTION ROUTINE (R235) IS AVAILABLE 
TO AID THE CREW EN THE SELECTICN OF APPROPRIATE LANDMARKS PRIOR TO THE SELECTION OF THIS PROGRAM. 

(7) THE GROUND TRACK CETERMINATICN PROGRAM (P21) IS AVAILABLE TO AID THE CREW IN CHOOSING APPROPREATE LANDMARKS PRIOR 
To SELECTICN OF THIS PROGRAM. 

(8) THE GROUND TRACK DETERMINATICN PROGRAM (P21) ITS AVAILABLE TO THE CREW FOLLOWING THIS PROGRAM TO PROVIDE UPDATED 
GROUND TRACK INFORMATION, 

(9) POSSIBLE ATTITUDE CCNTROL METHODS MIGHT BE AS FOLLOWS (IN ALL CASES CARE MUST BE TAKEN TO MONITOR POSSIBLE 
IMPENDING IMU GIMBAL LOCK). 

(A) MANUAL CCATRCL BY THE PILOT CR NAVEGATOR WITH THE ROTATIONAL HAND CONTROLLER. 

{B) MANUAL RATE CONTROL BY THE NAVIGATOR WITH THE MINIMUM IMPULSE CONTROL IN THE GNC FREE MODE. 

(10) THE PROGRAM MAY BE FERFCRMEC WITH SIVB ATTACHED IF THE LAUNCH VEHICLE GUIDANCE SWITCH IS PLACED IN THE CMC 
POSITION THEREBY PERMITING SIV8 ATTITUDE CONTROL WITH THE ROTATIONAL HAND CONTROLLER. GNC A/P CONTROL ES 
RECLIRED IN THTS CASE. 

(11) THE EMU MUST @E CN ANC ALIGNED IN ORDER TO COMPLETE THES PROGRAM, 

(12) SELECTION OF THIS PROGRAM WILL TERMINATE THE RENDEZVOUS NAVIGATION PROGRAM {P20). 

{13) THE PROGRAM JS SELECTED BY TRE ASTRENAUT BY DSKY ENTRY.



9 
PROG 
CONT 

cmc 

START ORBITAL 
NAVIGATION 
PROGRAM (P22) 
DISPLAY PROGRAM 22 

DO IMU STATUS CHECK 
RCUTINE (RO2) 

RESET THE RENDEZVOUS 
FLAG 
  

COMPUTE ANGLE BE- 
TWEEN Y AND VX Re 

-SM - - 

THIS ANGLE 1S THE 
MAGNITUDE OF THE 
MAXIMUM POSSIBLE 
MIDOLE GIMBAL ANGLF 
ASSUMING THE SC Xx 
AXIS [S KEPT IN TRE 
ORBIT PLANE. 

GROUND 

ree ee ere rer ere rr erry 

  

CREW 

« CREW PROG. 
« SELECTION 

KEY IN ORBITAL 
NAVIGATION PROGRAM 
(P22) 
V3TE22E 

    

MONITOR DSKY: 
OBSERVE DISPLAY 
OF PROGRAM 22 

DO IMU STATUS CHECK 
ROUTINE (RO2) 

CHECKLEST TIME TOTAL 
TIME 

#10 

#20 

#30 

#40 

#50 

P22/COLOSSUS



++ 
+11 
+ 
PCN 

580 

HOLD . 

SNAP . 

100 

  

RESET RENCWFLAG 
{SEE P20) 

    

REQUEST RESPONSE AND 
DISPLAY MAGNITUDE OF 
MAX POSSIBLE MIDDLE 
GIMBAL ANGLE IF THE 
X AXIS IS HELD IN 
THE ORBIT PLANE. 

VO6 N45 
R13 BLANK 
R27BLANK 
R3IMGA 

IN DEG. TC NEAR- 
EST .0) DEG. 

    

WAIT FOR KEYBOARD 
ENTRY: 

ae eevee ewes cccscees 

ADVISE CREW . 
ON ANTICI- secesese 
PATEOD G4tN . 

ERRORS AND 
SUBSEQUENT 
PROCEDURES 

MONITOR DSKY? 
OBSERVE VERB-NOUN 

FLASH TO REQUEST RE- 
SPONSE AND DESPLAY 
OF MAGNITUDE CF MAX 
POSSTBLE MIDOLE 
GIMBAL ANGLE IF THE 
SC X AXES ES KEPT IN 
THE ORBIT PLANE 

1S MGA GREATER THAN 
60 DEG? IF Sa, IT IS 
ADVISABLE TO REALIGN 
THE IMU TF TIME PER- 
MITS. 

e« HAS THE ISS BEEN 
» ALTGNED IN THE 

  

PAST 3 HOURS? 

SHALL I BYPASS 
IMU ALIGNMENT? 

  

r
e
 

2 
r
y
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TERMINATE FLASH UPON 
RECEIPT OF PROCEEC 
OR NEW PROGRAM 

oP oNEW 
oR «PRCG 
0 . 
of aee 
of . 
oF EXIT 
2D P22 
. 
. 

. 

. wan 
e SEE BELOW 

. . 
. eee 

SET THE INDEX OF 
OFFSET DESIGNATOR 
EQUAL TQ ZERO 

    

RESET MARK CATA 
VALID BIT FCR INFCR- 
MATION TO OCWNLINK. 

Prom eee se cccsccones 

C
e
 

e
e
n
 

o
e
e
 

SELECT IMU 
REALIGN (P52). 
WHEN COMPLETE? 
RESELECT THIS 
PROGRAM. 

. 

EXIT P22 

KEY IN PROCEED 

CONTROL ATTITUDE 
FOR LANDMARK 
ACQUISITION 

“ae 

SEE BELOW 
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IS THE SPACECRAFT 
IN LUNAR OREIT? 
  

  

FLASH VERB NOUN TO 
REQUEST RESPONSE AND . 
DISPLAY LMK CODE: seeeeccces 

VOSN70 . 
R1I-BLANK 
R2 ABCDE 
R3-BLANK 

A=1 IF KNOWN tMK 
A=2 IF UNKNCWN LMK, 
B= INDEX OF OFFSET 

DESIGNATOR 
C= NOT USED IN THIS 

PROGRAM 
DE-tMK ID NC N 

NOTE: THE PROBABLE 
CPTIONS ARE: 

A=1. DE=C0- 
LANDMARK 
KNCWN BUT 
NOY STORED 
IN CMC 
MEMDRY 

A=1. ODE>00- 
LANDMARK 
KNCWN AND 
STCRED 

—
 

e
o
n
e
e
e
 

  

1S THE SPACECRAFT IN 
LUNAR ORBIT? 

oY aN 

. 6o.T0 

. "Br 

. BELOW 

CUNAR ORBIT 

MONITOR DSKY: 
OBSERVE VERB NOUN 
FLASH TO REQUEST 
RESPONSE AND OFSPLAY 
LMK CODE. 
TO HAVE THE AUTOMAT— 
IC OPTICS POSETION- 
ING ROUTINE (R52) 
POINT ALONG THE 
GROUND TRACK CF AN 
ADVANCEC ORBIT AND 
60 DEGREES AHEAD OF 
THE SPACECRAFT 
CHANGE THE LANDMARK 
CODE TO PX (WHERE P 
>3 ANC X DEFINES HOW 
MANY ORBITS AHEAD 
ARE DESIRED}. THIS 
CODE IS USES ONLY BY 
THE AUTOMATIC OPTICS 
POSITIONING ROUTINE 
(R52) AT THIS TIME. 
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e
e
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n
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A=2. OF NOT 
ME ANENGFUL? 
UNKNOWN 
LANDMARK. 

  

WAIT FOR KEYBOARC 
ENTRY 

  

DO Tf WISH TO NAVI- 
GATE ON AN UNKNOWN 
LANDMARK? 

  

00 I DESIRE THE 
USE OF THE AUTO- 
MATIC OPTICS 
POSITIONING 
ROUTINE {R521 
TO AIO IN ACQUI- 
SITION? 

oN oY 

+ DO I WISH TO 
e NAVIGATE ON 
« THIS LAND- 
eo MARK? 

. 

  

KEY IN 
V22E AND 
COAC NEW 
LMK CONE 

  

e
e
e
 

e
e
e
 

e
e
 

e
e
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e
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e
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o
e
e
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TERMINATE FLASH UPON 
RECEIPT OF PROCEEC 
OR NEW 

STORE 
NEW CAT 

   
IsSaz 
{KNOWN 

DATA 

oF 
oR 
ott 
of 
o£ 
oF 
2D 

A. 
~} 

. 

DE < 32? 

1? 
LANDMARK) 

oN 

owes 

  

. . . . 

. . wecoee 

. . 

KEY IN 
PROCEED 

#5" 

. 

EARTH ORBIT 
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Poss 
HOLD . 

SNAP . 

C
Y
 

1S DE > 97 
{STORED LANDMARK) 

oN oY 

AW : 

«oe 

. «8 

FLASH VERB~NOUN 
TO REQUEST RESP- 
ONSE AND OLSPLAY 
LMK COORDINATES: 
VO6 N89 

RI-LAT 
R2-LONG/2 
R3-ALT 

R1-LAT IS LATI- 
TUDE OF L¥K IN 
DEG TO NEAREST 
2001 DEGREE, + 
1S NORTH 

R2-LONG/2 IS 
LONGITUDE OF 
LMK DIVIDED BY 
2. IN DEGREES 
TO NEAREST .OOL 
DEGREE, + 1S 
EAST 

R3-ALT IS ALTI- 
TUDE OF LMK 
ABOVE THE FISCH- 
ER ELLIPSOID 
IN EARTH ORBIT 
ABOVE THE MEAN 
LUNAR RADIUS FOR 
LUNAR ORRET 
IN NAUTICAL 
MILES TQ THE 
NEAREST .O1 NM. e

e
e
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e
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e
s
e
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e
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—_ 

MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH YO REQUEST 
RESPONSE AND DISPLAY 
LMK COORDINATES FOR 
USE ONLY BY THE AUT- 
OMATIC OPTICS POSIT- 
TONING ROUTINE (R52) 
AT THIS TIME. 

00 I WISH TO NAVI- 
GATE ON AN UNKNOWN 
LANDMARK? 

+ DO f DESERE THE 
« USE OF THE AUTO- 
« MATIC OPTICS 
« POSITIONING ROU- 
« TINE (R52) TO AID 
o IN ACQUISITION? 

    

SET OPTICS . 
MODE SWITCH . 
TO MANUAL. . 

) 
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#379
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WAIT FOR KEY- 
BOARD ENTRY 

TERMINATE FLASH 
UPON RECEIPT 
OF PROCEED OR 

e
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r
e
e
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e
e
e
r
e
e
r
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ee
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v
e
 

NEW DATA 

oN oP 
oE oR 
ow 0 

dD of 
oA of 
oT a 
oA oD 

«STORE 
«NEW 
eDATA 
—-- 

  

SET SIGHTING FLAG TO 
LMK FOR USE BY 
SIGHTING MARK AND 
AUTO OPTICS POSITION-— 
ING ROUTINES. 

  

r
e
 

e
e
 

r
e
 

KEY IN PROCEED 

AM 1 SATIS~ 
FIEO WITH 
THESE VALUES? 

oY oN 

. 

. 
. 

KEY IN W25E ANDO 
LOAD LMK PARAMETERS: 

e
e
 
e
e
e
 

e
e
r
 

e
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s
r
e
e
 
e
e
e
e
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HOLD . 
eeevces 
SNAP . 

. 
° 
. 
. 
. 
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. 
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. 
° 
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. 
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. 

SET MARK INDEX TQ 5 
FOR USE BY SIGHTING 
MARK ROUTINE (R53) 

  

DO AuTO OPTICS . . 
POSITIONING rere reer errr rer yy 
ROUTINE (R52). . ° 
INCLUDES SIGHT- 
ING MARK ROUTINE 
{R53} 

    

FLASH VERB-NOUN . 
TO REQUEST RESPONSE ceccescesscscces 
AND DISPLAY LMK DATA . 

vo5 NTL 
R1-BL ANK 
R2-ABCDE 
R3-BLANK 

A=1 IF KNOWN LMK 
Az2 YF UNKNCWN LMK. 
B= ENDEX OF OFFSET 

DESIGNATOR 
C= NOT USED IN THIS 

PROGRAM. 
DE=LMK ID NON 

NOTE: THE PROBABLE 
CPTIONS ARE: 

A=1l, DE=00- 
LANDMARK 
KNOWN BUT 
NCT STORED 
IN CMC 
MEMORY 

A=1, DE>00- 
LANDMARK 
KNOWN ANC 
STORED 

A=2, DE NNT 
MEANINGFUL: 
UNKNOWN 
LAKDMARK, 

  

0G AUTO OPTICS 
POSITIONING 
ROUTINE (R52). 
INCLUDES SIGH- 
TING MARK ROU- 
TINE (R53). 

MONITOR OSKY: 
OBSERVE FLASHING 
VERB-NOUN TO REQUEST 
RESPONSE AND CISPLAY 
LMK DATA 

OID I MARK AN OFFSET 
LANDING SITE AND SO 
INDICATE BY KEYING 
IN V52E FOLLOWING 
THE MARK? 

« MAKE SURE B COR- 
+ RESPONDS TC THE 
« MARK MADE ON THE 
« OFFSET LANDING 
« SITE OR IS SET TO 
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e
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e
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2 
2 

WAET FOR KEYBOARD 
ENTRY 

TERMINATE FLASH UPCN 
RECEIPT OF PROCEED 
OR NEW DATA 

oN oP 
oF 28 
oh of 
20 of 
oA oF 
7 oF 

oh oD 

. . 

. . 

eee cesoncs 

MAKE SURE B RE- 
MAINS UNCHANGED . 
TF A OR DE ARE . 
CHANGED. . 

1S THE DATA IN R2 
CGRRECT FOR THIS 
SIGHTING? 
NOTE: IN EARTH ORBIT 
DE MUST BE SET EQUAL 
TO 00 BECAUSE LAND- 
MARK CODE 01 IS 
AVAILABLE FOR LUNAR 
LANDMARKS ONLY. 

« KEY IN V22E AND 
« LOAD CORRECT 
« OATA. 
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SET KNOWN FLAG 
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#540 
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STORE NEW 
DATA 

#550 

1 AND DE > O 
CFS THE LMK KNOWN 
AND ARE ITS COORD- 
INATES STORED)? 

mS A 
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FLASH VERB-NOUN 
TO REQUEST RESP- 
ONSE AND DISPLAY 
LMK COORDINATES: 
v0O6 N89 

RI-LAT 
R2-LONG/2 
R3-ALT 

RIStAT IS LATI- 
TUDE OF LMK IN 
DEG TO NEAREST 
~001 DEGREE, 
+ $S NORTH 

R2=LONG/2 IS 
LONGITUDE GF LMK 
DIVIDED BY 2. 
IN DEGREES TO 
NEAREST .001 
DEGREE + IS EAST 

R3=ALT ES ALTI- 
TUDE OF LMK 
ABOVE THE FIS- 
CHER ELLIPSOID 
FOR EARTH AND 
MEAN LUNAR RADI- 
US FOR MOCN. IN 
NAUTICAL MILES 
TO THE NEAREST 
201 NM. 

WAIT FOR KEY- 
BOARD ENTRY 
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MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
RESPONSE AND DISPLAY 
LMK COORDINATES    
AM I SATESFIED WITH 
THESE VALUES? 
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» TERMINATE FLASH . 
2 UPON RECEEPT OF 
» PROCEED OR NEW. 
« DATA . 

- oN oP 
«0 oR. 
- ow oC. 
. Ce 

ar) sE 
2 oA EE. 
2 eT oO. 
- eA ee 

- STORE NEW 2. 
2 DATA eo. 

eo. « 

seeee oe 
oe 

ececeece ee 
. oo 

SET THE DATA VALID 
BIT FOR INFORMATION 
TO DOWNLENK. 

  

KEY IN V25E AND 
eocccccscccccccsos LOAL LMK PAPAMETERS: 
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HoH 
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Hi 

IS J GREATER THAN 
THE MARK COUNTER? 

  

   

  

. . wecvee 
. . . 

« GET JTH MARK DATA . 
« FROM CMC STORAGE . 

. . . 

« ES 3 = INDEX OF OFF- . 
« SET DESIGNATOR? . 
a Tt ator e een nnnnn 
. oY oN - 
. . . . 
. . . . 

» STORE MARK . 2 
e IN OFFSET . . 
e DESIGNATOR . . 
« LCCATION ° . 

wonoee . . 

° 1S THIS THE . 
. FIRST MARK? . 

. ov oN 
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HOLD . 
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e
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1S THE KNOWN FLAG 
RESET? 

    

  

COMPUTE AND 
STORE LMK 
LOCATION FROM 
FIRST MARK 
DATA 

COMPUTE ORBIT PARA- 
METERS AND LANDMARK 
COORDINATE CHANGES 
AS A RESULT OF THIS 
SIGHTING MARK 

  

FLASH VERB NOUN 
TO REQUEST RES- 
PONSE AND OIS- 
PLAY ORBIT PARA- 
METER CHANGES: 

VOON49 
RI-DELTA R 
R2-DELTA V 
R3-BLANK 

DELTA R-MAGNI- 
TUDE OF THE 
DIFFERENCE BE- 
TWEEN THE POSI- 
TION VECTOR 
BEFORE AND AFTER 
INCORPORATION CF 
THE LANDMARK 

. 

. 

. 
. 

* 

. 
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. 

. 

. 
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. 

. 

. 

. 
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SERVE VERS NOUN 
FLASH TO REQUEST 
RESPONSE AND DISPLAY 
OF ORBIT PARAMETER 
CHANGES 
    

ARE ORBIT PARAMETER 
CHANGES ACCEPTABLE 
For INSERTION INTO 
CMC CALCULATICN OF 
POSITION AND VELO- 
city? 
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SIGHTING DATA IN 
NeMe TO NEAREST 
Gel NoMe 

DELTA V-MAGNI- 
TUDE OF THE 
DIFFERENCE BE- 
TWEEN THE VELO- 
CITY VECTOR BE- 
FORE ANE AFTER 
TNCORPORATICN OF 
THE LANCMARK 
SIGHTING DATA IN 
FPS TQ THE NEAR~- 
EST .1 FPS. 

WAIT FOR KEY- 
BOARD ENTRY 

TERMINATE FLASH 
UPON RECEIPT OF 
PROCEED OR RE- 
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UPDATE CMC STATE 
VECTOR AND COMPUTE 
REVISED LANDMARK 
COORDINATES 

aoe vecccssece 

  

1S THERE DATA IN THE 
OFFSET DESIGNATOR 
LOCATION? 

oN oY 

MAP THE CFFSET 
LANOING SITE 

  

FLASH VERB-NOUN TC 
REQUEST RESPONSE AND 
DISPLAY POTENTIAL 
LANDING SITE COORDI- 
NATES 

vO6 Nag 
RI-LAT 
R2-LONG/2 
R3-ALT 

RI=LAT IS LATITUCE 
OF UMK IN DEG TO 
NEAREST .0012 CEGREE 
+ TS NORTH 
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O10 I DESIGNATE AN 
OFFSET LANDING SITE 
FROM A PREMARY LAND~ 
MARK BY USE OF V52E 
FOLLOWING A MARK? 

«VES «NO 

MONITOR OSKY? 
OBSERVE VERB— 
NOUN FLASH TO 
REQUEST RES- 
PONSE AND OfS- 
PLAY OF THE 
LANDMARK COOR- 
OFNATES ON 
WHICH IT WAS 
MARKING. 
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R2=LONG/2 1S LONGI- 
TUDE OF LMK DIVIDED 
BY 2. IN SEGREES TO 
NEAREST 2001 DEGREE 
+ TS EAST 

R3=ALT IS ALTETUDE 
OF LMK ABOVE THE 
FISCHER ELLIPSOID 
FOR EARTH AND MEAN 
LUNAR RADTUS FOR 
MOON. EN NAUTICAL 
MILES TO THE NEAREST 
«01 NM. 

WAIT FOR KEY- 
BOARD ENTRY 

P
e
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r
 

  

MONITAR OSKYs 
NBSERVE VERB 
NOUN FLASK TO 
REQUEST RESPONSE 
AND DISPLAY OF 
THE OFFSET LAND- 
ING SITE COOROI- 
NATES. C
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SHALL THESE COCORDIN- 
ATES BE STORED IN 
CMC MEMORY AND BE 
DEFINED AS THE LAND- 
ING SITE (LANDMARK 
CODE 015? 
NOTEL: IF THESE CO- 
ORDINATES ARE STOR- 
ED, THE PREVIOUSLY 
STORED COORDINATES 
QF THE LANDING SITE 
WILL BE ERASEC. IF 
THEY ARE NOT STORED 
THE PREVIOUSLY 
STORED LANDING SITE 
COOROINATES WILL BE 
SAVED IN THE LAND- 
MARK CODE O1 
LOCATION. 
NOTE2: THE CAPARIL- 
ITy OF STORING THE 
LANDING SITE IS ONLY 
AVAILABLE FOR LUNAR 
LANDMARKS. FOR THIS 
REASON THE ASTRONAUT 
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SHOULD ALWAYS KEY 
EITHER V32E OR V34E 
ON THIS DISPLAY 
WHEN IN EARTH ORBIT. 

  

mame ttm am . 
se ccevesccccccsnvccse KEY IN PROCEED . 

TERMENATE FLASH . tr 
UPON RECEIPT GF scaccccccenvcccsccce « KEY IN RECYCLE 
PROCEED OR . « V32E 
RECYCLE eo TTS t ene 

oR oP . . 
oF oR . . 
of oC eee aoe 
ov of . . 
oof aE 6G TO co TO 
ol oF wae wae 
of oD ABOVE ABOVE 

aee . 
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6o TO . 
wae . 

ABCVE . 

STORE THESE COORDIN- 
ATES AS UPCATED 
LANDING SITE 
PARAMETERS. 

6c Ta 
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ABOVE 

V34E 
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DO ROUTINE (ROO) 

CHANGE 

REV OT 
REV 08 

REV 09 
REV 10 
REV 11 

CONTROL NOTES 

pcr 
PCR 
PCR 
PCR 
PCN 
PCN 
PCN 

MIT 66 
MIT 116 
MIT 83 
206 
552 
580 
594 

Ame rereavsesosenesee 

THE PROGRAM WILL 
COME TO THIS POINT 
FROM A V34E ON ANY 
FLASHING DISPLAY. 

DO ROUTINE (ROO) 
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PURPOSE: 

ASSUMPTIONS ¢ 

++ 

+16 
++ 

EDIT 

PROG 
CONT 

CISLUNAR MINCOURSE NAVIGATION PRCGRAM (P23) LCGIC REV 14 11/27/68 

(1) TO DO MIDCCURSE NAVIGATION BY INCORPCRATION OF STAR/EARTH AND STAR/MOON OPTICAL MEASUREMENTS, 

(1) THIS PROGRAM DOES NCT REQUIRE THAT THE IMU BE ON. 

(2) 

3) 

(4) 

(5) 

TF THE IMU TS NOT ALIGNED THE ASTRONAUT MUST ACQUIRE THE STAR/LMK OR STAR/HOR MANUALLY. 

(A) IF THE IMU ES ALEGNEM THE ASTRONAUT MAY ACQUIRE THE LMK/HOR AUTOMATICALLY. 

{B8) IF THE IMU IS ALIGNED THE ASTRONAUT MAY ACQUIRE THE STAR AUTOMATICALLY. 

(C} TF THE EMU YS ON THE ASTRONAUT MUST TAKE APPROPRIATE PRECAUTIONS TO PREVENT POSSIBLE IMU GIMBAL LOCK. 

PRIGR TO EACH MARK TRE PROGRAM WILL CALL FOR AN OPTICS CALIBRATION WHICH MAY BE DGNE OR BYPASSED DEPENDENT UPON 
THE STABILITY HISTCRY OF THE CALIBRATION (SEE PURPOSES AND ASSUMPTIONS OF R57). 

TO PERFORM THE MARK THE ASTRONAUT SHOULD FINALLY SELECT MINIMUM IMPULSE CONTROL {EITHER GNCS OR SCS) AND THE 
OPTICS SHOULD BE IN MANUAL IN ORDER TO MAINTAIN THE FIX. 

(6) 

7) 

(8) 

(9) 

(10) 

#11) 

THE QPTICS SHOULD BE ON FOR 15 MENUTES PRIOR TO MARKING. 

THE CMC DOES NOT CHECK FOR MOON/EARTH NCCULTATIGN OR SUN BRIGHTNESS IN THIS PROGRAM 

THIS PROGRAM 1S CESIGNED FOR ONE MAN OPERATION WITHIN THE CONSTRAINTS GF MODE SWITCHING WHILE IN THE LEB. 

TREE SIGHTING IS ON THE BODY FOR WHICH THE STATE VECTOR IS DEFINED. 

A STAR SERIAL O WELL GIVE PARITY FAILURE, AND LANDMARK SERIAL 01 WILL NOT WORK. 

THE PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

CMC GROUND CREW CHECKLIST TIME TOTAL 
TIME 

eCREW PROG. 
» SELECTION 
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EDIT 
PCR 
206 

190 

START CISLUNAR MID-— 
COURSE NAVIGATION 
PROGRAM (P23) 
OISPLAY P23 

  

SET MARK INCEX TO 1 
FOR USE BY THE 
SIGHTENG MARK 
ROUTINE R53 

SET TARGET FLAG TO 
STAR FOR USE BY THE 
SIGHTING MARK ROU- 
TINE (R53) AND BY 
THE AUTO OPTICS 
POSITIONING ROUTINE 
(R52) 

Dec cecescecccvccsscs 

KEY IN CESLUNAR MID- 
COURSE NAVIGATION 
PROGRAM (P23) 

V37E 23€ 

MONITOR DSKYs 
OBSERVE DISPLAY OF 
PROGRAM 23 
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IS THE IMU ON AND 
ALIGNED? 

MANUALLY MAN— 
EUVER THE 
VEHICLE UNTIL A 
SUITABLE LMK/ 
HOR IS IN THE 
SXT FIELD OF 
VIEW FOR USE BY 
THE OPTICS CAL- 
{BRATION ROUT-— 
INE, RST 
NOTE: IN CROER 
TO CONSERVE 
FUEL THES ATT- 
ITUOE SHOULD BE 
CLOSE TO THE 
NAVIGATION LMK/ 
HOR 

oO OPTICS 
CALIBRATICN 
ROUTINE, R57 
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FLASH VERB-NOUN TO 
REQUEST RESPONSE AND 
DISPLAY MEASUREMENT 
TDENTIFICATION 

vos N70 
R1-QGODE (STAR 10) 
R2-ABCOE (LMK ID} 
R3-0NCDO (HOR If) 
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Conecrercee 
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DO THE SIGHTING 
MARK ROUTINE, 
R536 
MANUALLY MAN— 
EUVER THE 
VEHICLE UNTIL A 
SULTABLE tMK/ 
HOR IS IN THE 
SxT FIELD OF 
VIEW. THEN, 
BY USE OF MIN- 
IMUM IMPULSE 
CONTROL {GNCS 
or SCS) AC- 
QUIRE THE LMK 
AND BY USE OF 
OPTICS CONTROL- 
LER SUPERIMPOSE 
THE NAVIGATION 
STAR PER CHECK- 
LIST. 

a 
a 
e
r
 

2 

MONITOR DSKY: 
CBSERVE VERB-NOUN 

FLASH Ta REQUEST 
RESPONSE AND CISPLAY 
GF MEASUREMENT 
IDENT IFICATION 
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STAR IDENTIFICATICK~ 
R1=O00KX FOR ID 

NUM. OF STAR 
uSeD 

LANOMARK ICENTIFI- 
CATION 

R2=ABCDE WHERE 

A AND 8-NOT 
USED 

C=1 FOR EARTH 
LMK 

C=2 FOR MOON 
LMK 

DE-LANDMARK I0 
NUMBER 

R2=00000 FOR 
HOR. MEAS. 

HORIZON IDENTIFI- 
CATION 

R3=00CDO WHERE 

C=1 FOR EARTH 
HOR. 

C=2 FOR MOON 
HOR. 

D=1 FOR NEAR 
HORIZON 

D=2 FOR FAR 
HORIZON 

R3=00000 FOR 
LMK MEAS. e
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DO 1 INTEKO TC BO 
THE SIGHTING 
MANUALLY? 
THIS DATA WILL BE 
USED AT THIS TEME 
FOR THE AUTCMATIC 
TRACKING MANEUVER 
AND BY THE AUTO- 
MATIC OPTICS 
POSITIGNING ROUTINE 
(R52) ONLY. IF IT IS 
INTENDED TO DG MAN- 
UAL ACQUISITION THES 
DISPLAY NEED NOT BE 
REVIEWED. [T WILL BE 
REDISPLAYED PRIOR TO 
STATE VECTOR 
CALCULATICN. 

oY oN 

SET OPTICS MODE 
SWITCH TO MANUAL 

   
«AM I SATISFIED 
eWITH THIS DATA? 

. oY 
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«DATA IN 
«FLIGHT DATA 
BOOK IF 
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T FOR KEYBOARC . 
RY . 

MINATE FLASH UPON . 
EIPT GF PROCEED . 
NEW DATA . 

oP «NEW . 
oR «DATA . 
of . . 
eC etter te . 
ef STCRE NEW . 
of OATA . 

dD or se . 

. 

R3=0 
K MEASUREMENT?) 

ARE R2(DE} NCN- 
ZERO (LMK IDEN- 
TIFIED ) 

   

  

KEY IN 
weccesccscccene PROCEED 

secescecscccenvevsccscce KEY IN V25E AND 
LOAD NEW DATA 
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 FLASH VERB-NCUN 

TG REQUEST RE- 
SPONSE AND DIS- 
PLAY LMK DATA 

v06 N&d 

Ri: LAT 
R22 LONG/2 
R32 ALT 

LATs-LATITUDE 
GF tek IN DEG 
TO NEAREST .C01 
DEG 

+ IS NORTH 

LONG/2-LONGI- 
TUDE OF LMK DI- 
VIDED BY 2 IN 
BEG TO NEAREST 
2001 DEG 

+ IS EAST 

ALT-ALT OF LMK 
IN NAUTICAL 
MILES TO NEAR- 
EST 201 Nem. 
{FOR EARTH 
ABOVE FISCHER 
ELLIPSOID} tFaR 
MOON ABOVE MEAN 
LUNAR RADIUS? 

WAIT FCR KEY- 
BOARD ENTRY 
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MONITOR DSKY?: 
OBSERVE VERB- 

NOUN FLASH TO 
REQUEST RESPONSE 
AND DISPLAY OF 
LMK DATA IF A 
NON-IT DENTIFIEC 
LANOMARK WAS 
CHOSEN 

AM T SATISFIEC 
WITH THIS DATA? 

oY oN 
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PROCEED . 
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HOLD 

SNAP 

186 

TERMINATE FLASH 
UPON RECEIPT CF 
PROCEED OR NEW 
DATA 
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FLASH VERB-NOUN TC 
REQUEST PLEASE 
PERFORM GNCS AUTO- 
MATIC MANEUVER 

v50 N25 

R1-00262 
R2-BLANK 
R3-BLANK 

e
e
 

e
e
 
e
e
e
e
 

    

KEY IN . 
V25€ . 
AND . 
LOAD ° 
NEW . 
DATA . 

  

MONITOR OSKY: 
OBSERVE VERB-NOUN 

FLASH REQUESTING 
PLEASE PERFORM AUTO- 
MATIC MANEUVER 

    

THE GNCS CCMPUTE THE 
SPACECRAFT ATTITUDE 
REQUIRED TO POINT 
THE LLOS AT THE 
CHOSEN LMK/HOR AND 
PERFORM THE ATTITUDE 
MANEUVER ROUTINE 
tR60)? 
THIS ATTITUDE WELL 
BF COMPUTED (VEC- 
POINT? TO POINT THE 
LLOS AXIS AT THE 
LMK/HOR BUT WILL NOT 
CONSTRAIN THE ORIEN 
TATION ABOUT THAT 
VECTOR (THE OREEN- 
TATION ABOUT THAT 
VECTON® COULE RESULT 
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WALT 
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FOR KEYBOARD 
Y 

INATE FLASH UPON 
IPT OF PROCEED 
NTER 

  

INTEGRATE CSM 
STATE VECTOR TO 
THE PRESENT 
TIME. 

CALCULATE THE 
ATTITUDE TO 
PGINT THE 
LLOS AXIS AT THE 
UMK CR HORT ZON 
USING THE PINT- 
ING VECTOR ROU~ 
TINE, REFER TC 
SECTION 5.22623 
DF R577. 

we ewer eee enccenee 

  

IN TMU GIMBAL LOCK}. 

MANUALLY 
MANEUVER THE 
VEHICLE 
UNTIL A 
SUITABLE LMK 
7HOR IS IN 
THE SxT 
FIELD OF 
VIFW FOR USE 
BY THE 
OPTICS CAL- 
TBRAT ION 
ROUTINE, RST 
NOTE: IN 
ORDER Ta 
CONSERVE 
FUFL THIS 
ATTITUDE 
SHOULD BE 
CLOSE TO THE 
NAVIGATION 
LMK /HOR 
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DO THE ATTITUDE 
« MANEUVER ROUTINE 

Red) 

  

IS R57 FLAG SET? 

oN .v 

DC R57 OPTICS . 
CALIBRATION . 
ROUTINE . 

    

OO THE AUTOMATIC 
OPTICS POSETIONING 
ROUTINE (R52) (CALLS 
R53) 

  

eNORMAL sPREMATURE 

oEXIT eEXIT VIA 

. oVO4E 

DO V94 LOGIC EAS 

s
e
 

e
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ee eenceccce 
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wee cereeece 
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. . 
seco sccceee 
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e
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CO THE 
ATTITUDE 
MANEUVER 
ROUTINE (R60) 

. 

  

DO R57 OPTICS CALI- 
BRATION ROUTINE 
(WHEN LMK ACQUERED) 

0G R52 AUTOMATIC 
GPTICS POSETIONING 
ROUTINE. THE CPTICS 
POINTING PROCESS IS 
NOW AUTOMATIC AND 

WILL POINT THE SXT 
STAR LOS AT THE 
CHOSEN STAR UNTIL 
THE SIGHTING MARK 
ROUTINE {R53} 1S 
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HOLD . 

SNAP . 

DEFINED IN EXTEN- 
CED VER@ SECTION 
OF THIS DOCUMENT) 
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FLASH VERB-NOUN TO 
REQUEST RESPONSE ARKD 
OLSPLAY MEASUREMENT 
IDENTIFICATION 

vO5 N71 
RI-OGONE {STAR IC) 
R2-ARCCE (LMK ID) 
R3-00CAO [HOR 1D) 
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. 
Pee ecceserccessease 

CALLEN AUTCMATICALLY 
BY SWITCHING OPTICS 
MODE TO MANUAL. 
TF THE ASTRONAUT DE- 
SIRES TO HAVE THE 
CMC AID IN REACQUIR- 
ING THE LANDMARK/ 
HORIZON HE MAY KEY 
IN V94E UNTIL HE HAS 
COMPLETED THE SIGHT~ 
ING MARK ROUTINE 
(R53)6 
PRIOR TO ACTUAL MARK 
THE ASTRONAUT SHOULD 
SELECT A MINIMUM 
CONTROL MODE (EITHER 
GNCS GR SCS) IN 
GRDER TO MAINTAIN 
THE LMK/HOR AND STAR 
FIXED IN THE SXT 
FIELD OF VIEW. 

MONITOR DSKY: 
OBSERVE VERB-NOUN 

FLASH TO REQUEST 
RESPONSE AND CISPLAY 
OF MEASUREMENT 
IDENTIFICATION 
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STAR IDENTIFICATION- 
Ri= 

LANOM 
CcaTio 

R2= 

HORIZ 
cATTIO 

R3= 

WAIT 
ENTRY 

GOOXX FOR ID 
NUM. OF STAR 
USED 

ARK IDENTIEFI- 
N 
ABCDE WHERE 

A AND 8-NOT 
USED 

C=1 FOR EARTH 
LMK 

C=2 FOR MOON 
LeK 

GE-LANDMARK ID 
NUMBER 

R2=00000 FOR 
HOR. MEAS. 

ON TDENTIF I- 
N 
OOCDO WHERE 

C=1 FOR EARTH 
HOR. 

C=2 FOR MOON 
HOR. 

D=1 FOR NEAR 
HORIZON 

D=2 FOR FAR 
HORIZON 

R3=00000 FOR 
LMK MEAS. 

FOR KEYBOARD 

C
O
 
S
S
 

a 

eer eee rere rr erry 
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PME HPRATE PEOGDAM (P27) Leste PEY 97 11/24 /AR 

PURPOSE: C1) TEA TNSERT TMFEOOMATION TNTO THE CMO VIA THE DIGITAL UPLINK BY TRANSMESSTON FROM THE CONUND OR VIA THE DOSKY KFYRNARD 

PY CREW MANUAL INMUT, 

ASSUMPTTONS: (2) THE (MC MUST B© [TN THE APERATE CONDITION, THE IMU MAY RE TN STANSRY AR OPESATE CONDITION. 

(2) CMC UPDATES APF PE OUD CATEGORIES: 

TAY OPOVIDE AN UPNATFE FNR CMC LIFTOFF TIME (V70}. 

TR) PRAVINE AN OCTAL INCREMENT FOR THE CMC CLOCK ONLY {V73). 

{C) POQVINE LOAT CAPASILITY FOR A ALOCK OF SFOUFNTEAL FRASABLE LECATIONS (1-19 INCLUSIVE LOCATIONS WHOSF ANDRESS 
IS SPECTETFOD) (V71). 

{P} PRAVINE LRAND CAPARTL ITY FIR 1-9 JTNCLUSTVE INDIVIDUALLY SPECTFIED EPASABLE LOCATIONS {V72). 

(2) A CAMPLETE DESSOTOTION MF THE CMC HPLINK FORMAT [S INCLUDED IN SECTION 2 TF 2-577, 

(4) YPDATF TS ALLOWED IN THE CSM WHEN THE CMC TS IN POO OR POZ, AND TF THE ASKY TS AVATLAPLE. 

(5) TRE UPTEL ACCEPT/BLECK SWITCH MUST RE EN ACCEPT FOR TELEMETRY UPDATE, 

(6) THE PROGRAM IS MANJALLY SELECTED BY THF ASTRONAUT AY DSKY ENTRY OR BY THE GROUND BY UPLINK TRANSMISSION. 

{7)) THE AUTOMATIC MODE OF UPDATE TS PROGRAM SELFCTINN AND UPNATE VIA TRE GROUND BY UPLINK TRANSMISSTON. THE ONLY 
NIFFERENCE RETWEEN THES AN MANUAL SFLECTION BY THE ASTRONAUT ITS THAT THE NSKY RESPONSES ARE KEYED IN BY THE ASTRONAUT 
RATHFR THAN TRANSMITTED, 

Prac CMe GROUND CPFW CHECKLEST TIME TOTAL 
CONT TIME 

NOTIFY CREW QF VERTFY THAT (ONATE 

INTENTION TO oe WELL BF STAISFACTORY 
NPOATF, SOEC- seeeWe?.T. TEME, WORK TN 

TEV PAQTAMFTERS « PROGPFSS AND Cr 
AND COORDINATE ACTIVITY, 

TIME, een nn nana e + 
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