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PRFCIEDING Date: 10 June 1968

REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN

GSOP # R-577 Title: For Manned CM Earth Orbital and Lunar Migsions
Using Program COLOSSUS

Section #2 Title: Data Links (Revision 1)

This publication, a complete new revision (Rev, 1), incorporates revisions
and additions as indicated below:

Revision 1

PCR-(PCN) Description of Change

PCR-154 Update GSOP, Section 2, for typing errors,
scaling changes, extra detail and description,

PCR-157 Lambert target updates conform to verb 71 format.

PCR-172(MIT-101)* Change word-order of Entry/Update list.

PCR~174(MIT-108) LANDMARK I.D. added to P22 downlist,

PCR-422(MIT~-146)* Words 20 and 33 of the Entry/ Update list were
interchanged. Word 100 of the same list is now
GAMMA (EI) and Range for Initialization.

PCN-417% Use of ENDSAFE terminated.

Because of the numerous changes required by PCR #154 in Revision 1,
there will be no PCR/PCN reference information at the bottom of any
page which changed as a result of PCR #154 only.

Additional UPLINK information resulted in the following new sections:

v e £,1.5 Use of the Contiguous Block Update Verb,
2.1.5.1 CMC CSM/LM State Vector Update.
2,1.5.2 CMC Desired REFSMMAT Update.
2.1,5.3 CMC External DELTA V Update,
2,1.5.4 CMC Retrofire External DELTA V Update,
2,1.5,5 CMC Entry Update,
2.1.5,6 CMC Lambert Target Update,
2,1.5.7 CMC Lambert Return to Earth Update,

Preceding page blank
L . _
*Indicates an MIT Program Change Notice (PCN)



Date: November 1968

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP # R-577 Title: For Manned CM Earth Orbital and Lunar Missions
Using Program COLOSSUS 1 (Rev 237)

Section # 2 Title: Data Links (Revision 2)

This publication, a complete new revision (Rev 2), is expanded in many places
over the previous one (Rev 1, dated June 1968). Only changes in specifications,
resulting from the PCR/PCN information listed below, will be indicated by a
solid-black line at the edge of the page along with the appropriate reference
number at the bottom of the page. Any editorial changes will be marked by a

vertical series of black dots at the page's edge.

PCR/PCN Description of Change
PCR 439.1% Deleted logic in P52 to check status of preferred orientation
~ flag. It is not required now in the Preferred REFSMMAT
Update. :
PCR 237 Update GSOP, Section 2 Rev 1, for typing errors, scaling

changes additions and revisions.

PCN 585% Scaling in word 27b (Rend/Pre) should be changed to,
"multiply by 18.52".

FAILREG +2 may also contain a first digit of 1 or 5.

Delete word "RESTART", IMODES 30, bit 7.

* Indicates an MIT Program Change Notice (PCN).

Note: PCR 207.1 was complied with in Revision 2 but was not indicated in the list

above.
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Date: March 1969

REVISION INDEX COVER SHEET
-GUIDANCE SYSTEM OPERATIONS PLAN

GSOP #R-5717 Title: For Manned CM Earth Orbital and Lunar Missions
Using Program COLQSSUS 2 - COMANCHE (Rev 44 & 45)

Section #2 Title: Data Links (Revision 3)

This publication, a complete new revision (Rev. 3}, is expanded in many
plages over the previous one (Rev. 2, dated November 1968). Only changes in
specifications, resulting from the PCR/PCN information listed below, will be
indicated by a solid black lirie at the edge of the page along with the appropriate
reference number at thebottom of the page.** Any editorial changes will be
marked by a vertical series of black dots at the page's edge.

PCR/PCN ' Description of Change

PCR 250 Put M into erasable.

PCR 256 Eliminates R35 and fixed memory lunar landmarks.
PCR 266 - Makes CSI/CDH data available on downlinks and

_ corrects downlink addresses for R30 data.

PCR 269™" Changes to Section 2 COLOSSUS GSOP (Rev. 2).
PCR 606 Eliminates R60FLAG.

PCN 627.1" Eliminates NTARGFLG.

PCR 656 Uprated TVC DAP.

PCN 662" Deletes V6TFLAG.

PCN 667" Creates flagbit, AMOONFLG.

PCN 678" Creates flagbit, VI6ONFLG.

PCN 685" Creates flagbit, NODOPO1.

PCN 689" Creates flagbit, SKIPVHF.
"PCR 690 . Creates flagbit, SLOWFLG.

PCR 691 Creates flagbit, RETROFLG.

PCN 693" Creates flagbit, P21FLAG.

PCR 711 Issue SIV-B cutoff.

PCR 1735 Place P11 on Powered List. Replace DELTAR with

PACTOFF, YACTOFF on Coast and Align List,

PCN 746" Entry Roll Error on Downlist.

Indicates an MIT Program Chan‘ge Notice (PCN).

i ol
" NCTE: Due to its magnitude, PCR 269 will not be written as a reference number
at the bottom of a page when the change pertains only to PCR 269,
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Date: June 1969

REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN

GSOP # R-577 Title: For Manned CM Earth Orbital and Lunar Missions Using
' Program COLOSSUS 2 (MANCHE 45, Rev. 2)

Section #2 Title: Data Links (Revision 4)

This complete, new revision (Rev. 4), updates the previous publication
(Rev. 3, dated March 1969) and incorporates the NASA/MSC approved

change listed below.

PCR and PCN changes are indicated by denoting the applicable number
at the bottom of the page and by marking the location of the change with a
solid black line at the edge of the page. Editorial corrections {not covered

by PCR) are denoted by a vertical series of black dots.

PCR DESCRIPTION OF CHANGE
276 Changes to COLOSSUS 2 (COMANCHE, Rev. 45)

Section 2, Rev. 3.
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Date: June 1969

REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN

GSOP # R-577 Title: For Manned CM Earth Orbital and Lunar Missions Using
Program COLOSSUS 2A (COMANCHE, Rev. 55) '

Section # 2 Title: Data Links (Revision 5)

This publication, Rev. 5, is a supplement to the previous issue Rev. 4,
dated June 1969, and incorporates PCR #275 described below, The supplement-
ary pages are printed on tinted stock and marked 2A. When these tinted pages
are included the document is a valid COLOSSUS ZA(COMANCHE, Rev. 55)

configuration,

PCR DESCRIP TION OF CHANGE

275 Change RCSgelected rate from
4%/sec, to 2°/sec.
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Date: July 1969

REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN

GSOP #R-577 Title: For Manned CM Earth Orbital and Lunar Missions Using
Program COLOSSUS 2C (Comanche, Rev. 67)

Section #2 Title: Data Links (Revision 6)

This publication, a complete new revision (Rev., 6) incorporates
revisions as indicated below:

PCR/PCN DESCRIPTION OF CHANGE

PCR 278 . . Fixed DUMPCNT

PCR 815 Digital Autopilot Barbecue Mode Routine
PCN 833 | SWTOVER Check |

PCR 787 Make N63 Count during P61,

PCR 802.1 Save Alarm Data after "Error Reset"
PCR 785 Reverse V50N18 Logic in P20

NOTE: PCR 268.1, which should have been reflected in Rev. 5, was
inadvertently overlooked at that time. It was processed in
Rev. B8 (page 2-42)

*Indicates an MIT Program Change Notice (PCN),



Date: September 1269

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP #R-577 Title: For Manned CM Earth Orbital and Lunar Missions
Using Program COLOSSUS 2C (Comanche, Rev. 67)

Section #2 Title: Data Links (Revision 7)

This publication, .a complete new revision (Rev. 7) incorporates

revisions as indicated below:

PCR/PCN ' DESCRIPTION OF CHANGE

PCR 701.1 - Do not allow Proceed response to V21,
V22, v23

PCR 798. 1" Reset GLOKFAIL in R0OO

PCR 801.1 Make BAILOUT alarms 3xxxx, POCDCO

alarms 2xxxX

PCR 810 | | Yaw DAP CDU sampling

‘PCR 832. 1 Remove restriction of R05 only in P0C
PCN 835" Change Recycle point on N63 in P61
PCR 812.1 Resetting and setting of XDELVFLG

.

*Indicates an MIT Program Change Notice (PCN).
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Date: November 1969

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-577 Title: For Manned CM Earth Orbital and Lunar Missions
Using Program COLOSSUS 2D (COMANCHE, Rev. 72)

Section No. 2 Title: Data Links (Rev. 8)

This publication, a complete new revision (Rev. 8)

incorporates revisions as indicated below:

PCR/PCN DESCRIPTION OF CHANGE

PCR 863.1 Make P76 set NODO flag

PCR 963 In R52 delete program alarm 407 and drive

trunnion to 50° if desired trunnion > 50°
PCR 966 Clearing Preferred Orientation Flag
PCN 965 Define POOFLAG

PCR 961 SIVB-TB6 E-Memory Routine

N Indicates an MIT Program Change Notice (PCN).
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Date: December 1969

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-577 Title: For Manned CM Earth Orbital and LLunar Missions
Using Program COLOSSUS 2D (MANCHE72, Rev. 3)

Section No. 2 Title: Data Links (Rev. 9)

Attached are change-pages for, and a supplement page to,
Section 2 Data Links of R-577 Guidance System Operations
Plan for Manned CM Earth Orbital and Lunar Missions
using Program COLOSSUS 2D.

The substitution of the white change-pages and the addition
of the supplemental page in Rev. 8 (November 1969)

will update this document to a COLOSSUS 2D (MANCHE?72,
Rev. 3) configuration.

PCR/PCN DESCRIPTION OF CHANGE
PCR 984 Avoid Coarse Align During Saturn
PCN 9927 T6JOB OPCODE Correction

#Indicates an MIT Program Change Notice (PCN)
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Date: March 1970

REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN
GSOP No. R-577 Title: ¥For Manned CM Earth Orbital and Lunar
Missions Using Program COLOSSUS 2E
Section No. 2 - Title: Data Links (Revision 10)

This publication, a complete new revision, incorporates the NASA/MSC approved
changes, listed below.

PCR

(PCN™) TITLE

292 Add Time Display to V79

295 AK's on Powered Downlist

868 P23 Changes§

869 Rate Aided Optics Drive

916 Delete P17 and P77

917 Delete P31

921 . N38 and N0O6 on Downlist

956 Time of Longitude

973 Move T6JOB to Fixed Memory

978 Check OPTMODES Bit 3 when V37 Requested
385 Delete P38, P39 and P78, P79

987 Rate-Aided Optics (P24)

991.1 Sum Uplink Data

993 P23 Auto Maneuver Change

994* Elimination of Bit 1 of OPTMODES

1002% GSOP Section 2 Rev 10 Editorial Changes

§  Additional material added in Revision 12.
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Date: June 1970

REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN
GSOP No. R-577 Title: For Manned CM Earth Orbital and Lunar
‘ Missions Using Program COLOSSUS 2E
Section No. 2 Title: Data Links (Revision 11)

Revision 11 incorporates the following NASA/MSC approved changes and becomes
the control document for COLOSSUS 2E (Revision 108).

PCR
(PCN™) TITLE
302.1 Channel 77
315.1 Channel 77
995™ Check ENGONFLG, not SPS ENG
' ON outbit _
1034 Deletion of Time of Longitude (P29)
1046% Change Time to Perform IMUCDU
Zero
1053 GSOP Section 2 Rev 11 Editorial Changes
- _
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Date: October 1970

REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN
GSOP No. R-577 Title: TFor Manned CM Earth Orbital and
Lunar Missions Using Program
COLOSSUS 2E
Section No. 2 Title: Data Links (Revision 12)

Revision 12 incorporates the following NASA/MSC approved changes and becomes
the control document for COLOSSUS 2E (Rev. 108).

PCR

(PCN™) TITLE

857 Save 300 Performance Test Words

1041% Add AVEGFLAG Check in Imple-
mentation of PCR 984

1102% Section 2 Revision 12 GSOP

Changes
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Date: December 1870

‘ REVISION INDEX COVER SHEET
GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-577 Title: For Manned CM Earth Orbital and
: Lunar Missions Using Program
COLOSSUS 2E

Section No. 2 Title: Data Links Revision 13)

- Revision 13 is published as change pages to Section 2, Revision 12, With the
pages substituted it becomes the control document for COLOSSUS 2E. The
following NASA/MSC approved changes are included in this revision.

PCR
(PCN*) TITLE
11313 : GSOP Editorial

Changes
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Date: February 1971

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-577 Title: For Manned CM Earth Orbital and
Lunar Missions Using Program
) COLOSSUS 3
Section No. 2 Title: Data Links (Revision 14)

Revision 14 incorporates the following NASA/MSC approved changes and becomes
the control document for COLOSSUS 3 (ARTEMIS Rev 72).

PCR

(PCN=)

318
320
325
326
328
331. 1
875
877%*
878
880
910%
94 6%
948
1018%
1019%
1049
1051
1054
1057%
1063

TiTLE
Software Workaround for State Failures of Channel 31, bits 15, 14, 13
TLI Initiate/Cutoff Program
New Target - AV Program
R61 Maneuver Recomputation
P34 Elevation Angle Initialization to +000. 00
Section 2 GSOP Additions
Delete Certain Alarm Codes; Change Flagbit Definition
New Impulsive Burn Logic
New CSMMASS Update Legic
Define VNFLAG
Change Location of Flagbit REINTFLG
Delete MGLVFLAG
Delete Use of SAVECFLG in P23
Changes to Alarm Codes and Flagwords
Do Not Specify N20 with V40
CSM Automatic Rendezvous Sequence (MINKLEY)
Universal Pointing
Time of Longitude (P29)
GSOP Section 2 Flagword Description Changes
P22 Mark Reject

xviii



PCR
(PCN#)

1069.1
1076
1081

1084%

1090%
1004
1118

1135
1139%
1142%

TITLE
Delete Rendezvous and Orbit Navigation Tests for Earth Orbit
Input Bit Protection for Channel 33 Bits 4 and 5 AGC Control of Optics
Coding Change to Fix Anomaly COM 44 (Disabled DACs in 540, .6)
Eliminate V37 Lockout During Optics Zero
3AXISFLG Resetting.
Flag Resetting in POODOO Abort
Change to Downlink Lists
Change GSOP Description of REINTFLG
R61 10° Test (P20 Option 0 and 1)
GSOP Sect. 2 Rev. 14 Changes
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Date: September 1971

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-577 Title: For Manned CM Earth Orbital and
- Lunar Missions Using Program
COLOSSUS 3.

Section No. 2 Title: Data Links (Revision 15)

Revision 15 does not reflect a change in the COLOSSUS 3 program. Rather, it
contains technical and editorial changes which improve the quality of the document,
Additional material has been added for several PCRs which were incompletely
implemented in Revision 14. These changes are indicated by a solid bar in the

margin. Other changes are indicated by a series of dots in the margin,
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FOREWORD

SECTION 2, REVISION 15

The Guidance System Operations Plan (GSOP) for Program COLOSSUS

is published in six sections as separate volumes:

1. Prelaunch

. Data Links

Digital Autopilots

. Operational Modes

. Guidance Equations

. Erasable Memory Programs

-] O » W N

[0 e

With this issue, Section 2 is revised from the previous issue of COLOSSU
GSOP (Revision 14, February 1971 for COLOSSUS 3).

o0

Technical writing for this section was performed by Joseph Klawsnik.

v The GSOP specifies al;). earth-orbital r,‘.a,pa_bility for all programs excent
P31 and aimpoint transfer between P34 and P40/41, and between P35 and P40/41.
This capability has been provided; however, verification testing shall not be accom- g
plished for earth-orbital rendezvous and earth-orbit navigation with P22,

This volume constitutes a control document to govern the structure of

Uplink and Downlink programs in COLOSSUS 3. Revisions constituting changes to
the COLOSSUS Program require NASA approval. . '

xxi
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SECTION 2

DATA LINKS

2.0 Introduction

This volume, Section 2 of the Guidance System Operations Plan for
Manned CM Earth Orbital and Lunar Missions using Program COLOSSUS
describes the GNCS Data Links: Digital Uplink to CMC (P27) and CM

Digital Downlink for use on these missions.

" The material of Section 2 of this GSOP is arranged:

2.1 Digital Uplink to CMC (P27)
2.2 CMC Digital Downlink

™2 .
1
[y



2.1 Digital Uplink to CMC (P27) . : .

By means of the CMC UPLINK, grouhd control can inseft data or issue instruc-
tions to the CMC in the same manner that these functions are normally performed
by the spacecraft crew in using the DSKY keyboard.. The CMC is programmed to
accept the following UPLINK inputs: :

1. LIFTOFF TIME INCREMENT: Provides ground capability to increment
or decrement the CMC clock, LM and CSM state vector times and TEPHEM {ime)

with a double precision octal time value, scaled céntiseconds/228,

2. CONTIGUOUS BLOCK UPDATE: Provi(ies ground capability to update

from 1 to 18 consecutive E memory registers in the same EBANK.

3. SCATTER UPDATE: Provides ground capability to update from 1 to 9 non-
consecutive E memory registers in the same or different EBANKs."

4. OCTAL CLOCK INCREMENT: Provides ground capability to increment or
decrement the CMC clock with a doubleprecision octal time value scaled

centiseconds/228.

All information received by the CMC from the uplink is in the form of keyboard
characters. Each character is assigned an'identifying code number- called its
character code. Each character code transmitted to the CMC is sent as a triply
redundant uplink word preceded by a leading '"1" bit. Thus, if C is the 5-bit '

character code, then the 16 bit uplink word has the form:

1cCc
where C denotes the bit-by-bit complement of C. (Table 2-1 defines all the legal
° input keycodes,) To these 16 bits of information the ground adds a 3-bit code
specifying the system aboard the spacecraft which is to be the final recipient of the
data and a 3-bit code Indicating the épacecraf’c which should receive the ihformation.
The 22 total bits are sub-bit encoded (replacing each bit with a 5-bit code for trans-
mission). If the message is received and successfully decoded, the on-board receiver
will send back an 8-bit "message accepted pulse' to the ground and shift the original
16 bits of the uplinkword to the CMC (1 C C C). The leading "1" bit causes an inter-
rupt within the CMC after all 16 bits have been shifted from the uplink receiver.

During ground testing the count of UPRUPTS and the sum of the cCTC codes entering
the AGC are accumulated in erasable registers, permitting a count and sum-check on
data transmitted UPLINK to the AGC. This feature will not be used in flight because 4
the summing of uplink data is disabled.

Any ground command sequence normally transmitted via the uplink may bg
duplicated by the astronaut via the keyboard. All reference to uplink words used in

2-2
>



TABLE 2-1

Character . - Uplink Word
0 ' 1 10000 01111 10000
1 1 00001 11110 00001
2 1 00010 11101 00010
3 1 00011 11100 00011
4 1 00100 11011 00100
5 1 00101 11010 00101
6 1 00110 11001 00110
7 1 00111 11000 00111
8 1 01000 10111 01000
.9 1 01001 10110 01001
VERB 1 10001 01110 10001
" NOUN 111111 00000 11111
- ENTER » 1 11100 00011 11100
' ERROR RESET 1 10010 01101 10010
CLEAR 4 111110 00001 11110
KEY RELEASE 1 11001 00110 11001
+ 1 11010 00101 11010
- 1 11011 00100 11011

NOTE: It is good operational procedure to end every uplink message
: with a KEY RELEASE.
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this section are in the form transmitted from the uplink receiver to the CMC. There-
fore, they do not contain the vehicle or subsystem addresses added by the ground

facilities,

During update progranm (P27) execution, the following registers may be moni-

tored via the P27 Downlink List:

1. UPBUFF - Contains all input data, including index value, ECADR value(s)
-and update parameters., There are 20 (decimal) UPBUFF registers numbered
sequentially from UPBUFF + 0 to UPBUFF + 19D where the D indicates decimal
notation. } ’

2. UPVERB - Contains second digit of update verb being used, e.g., "0" for
Verb 70, '"1" for Verb 71, etc,

3. UPOLDMOD - Contains value of program interrupted by P27, e.g., 00, 02,

or 20 for programs 00, 02, or 20; program 27 is inhibited from interrupting

any other programs. *

4, COMPNUMB - Contains octal value of number of components to be processed

by P27. Once set, it remains fixed during complete update operation,

5. UPCOUNT - Used for indexing UPBUFF, The contents of this register may
vary from one (1) to the value contained in COMPNUMB. This register always

contains the octal identifier of the parameter that is being loaded.

If the CMC received an improperly coded word from the uplink receiver.during the
load (i.e., not "1 CEBC") it sets BIT 4 of FLAGWRD7Y to "one'', which is transmitted
via Downlink to the ground station. When this occurs, the ground station should

correct the transmission by sending the following uplink word:
1 00000 00000 00000

(which clears the INLINK register) and follow this by transmitting "ERROR RESET"
(which will set BIT 4 of FLAGWRD?7 to zero).** If "CLEAR'" is transmitted immediately
following "ERROR RESET", the ground station then may begin the corrected trans-
mission with the first word of the 5 octal digits that was being sent when the alarm
condition occurred. The "CLEAR" button is used after the "ERROR RESET" to

blank the data display register (R1). The ground station should then continue the

update by using UPCOUNT to indicate the specific parameter being processed and

resume the update function by re-transmitting the parameter beginning with the first

octal character,

* It is possible to update when program lights are blanked by a FRESH START ‘
(MODREG is 777778). .

%< "ERROR RESET" must be sent via uplink to set BIT4 of FLAGWRD?7 to zero.
DSKY "ERROR RESET'" has no effect. -
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If the ground wishes to continuc loading without transmitting the "CLEAR" code it
must determine which char:acter was in error when failure occurred, and resume
uplink transmission from the point of failure, This may be determined by monitor-
ing the display in R1 as well as the contents of UPCOUNT.

This program may be entered only from P00, P02, or P20 Option 1, 2,
or 5 for the CM. If the CMC is not in 6ne of the programs indicated above when any
update VERB is sent uplink, the "Operator Error' lamp will be illuminated, the
uplink activity light will be turned "OFF'" and the computer will ignore the request,
via the specified update VERB, to transfer control to P27.

2,1.1 CM LIFTOFF TIMEINCREMENT

To initiate a double precision LIFTOFF octal time increment the
ground station transmits "VERB70ENTER',

2.1.1.1 Program 27 Verification

The ground station should then await confirmation via Downlink that
the CMC is in Program 27,

If P27 is entered, the CMC puts the old program number in UPOLDMOD,
sets UPCOUNT to "one', selects the P27 Downlink List for Downlink trans-
mission and flashes V21N01 which requests a data load for UPBUFF + 0,

If P27 is entered for a Verb 70 update, 0 is placed in UPVERB and 2
is placed in COMPNUMB. Following P27 verification and confirmation of
UPVERB and COMPNUMB: sent via Downlink, the ground station should trans-
mit the double precision octal time XXXXX ENTER XXXXX ENTER, where

time is in centiseconds sealed 2—28.

A negative time value {(decrement)
should be transmitted in one's complement form. It should be noted that
UPCOUNT is incremented by 1 after the ENTER following the most signifi-
cant part of the double precision time. P27 uses the contents of UPCOUNT

to calculate the next UPBUFF location for the V21NO1,
2.1,1,2 Data Verification and Termination

After the final ENTER associated with the last update has been trans-
mitted, P27 flashes V21NO2 which is a request to the ground station to verify
all the update data and to perform one of the following functions:

1. Accept all the update data entered

2. Modify some or all of the update data

3. Reject all of the update data
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2.1,1.2,1- Accept ALl the Update Data Entered

If the ground station verifies that the content of the UPBUFF register
is correct, it should transmit "VERB33ENTER" to signal P27 to process the
- update data. For the Verb 70 update, P27 inverts BIT 3 of FLAGWRD? and
determines if the State Vector data is being used by the orbital integration
routine, If so, further P27 instruction executions are delayed (P27 dormant)
until the integration routine is complete. A display of "27" in the program
lights, along with a ground verification that BIT3 of FLAGWRDT has been
inverted and that the operator error light is "OFF", should indicate to the

operator that the completion of P27 is temporarily being delayed.

After P27 is re-activated or if it initially finds that the integration
routine is not in use, it will inhibit other routines from using State Vector
data and complete the data verification requirements for the specific update

Verb in use. (For each Verb, see appropriate verification section,)
2.1.1.2.1.1 Verb 70 Double Precision Time Verification

Program 27 verifies that the double precision octal time can be sub-
tracted from the CMC clock without causing overflow, (For this operation
two of the UPBUFF registers, UPBUFF + 18D and 19D, are used as tempor-
ary buffers for TIME2 and TIMEL.) If the double precision input time can
be subtracted from the CMC clock witl.lout causing overflow, P27 proceeds to
increment TEPHEM and decrement the CMC clock, the CSM State Vector
time, and t}?é LM State Vector time. Program 27 will then turn the uplink
activity light "OFF", replace the downlink list code in DNLSTCOD with the
code for the previous program, release the State Vector data for other routines,

and reinstate the previous program,

If, on the other hand, an overflow would occur, P27 will leave the CMC
clock intact and turn the operator error light "ON'", It will then turn the
uplink activity light ""OFF", replace the downlink'list code in DNL3TCOD
with the code for the previous program, release the State Vector data, and

reinstate the previous program.
2.1.1,2.2 Modify Some or All of the Update Data

If during the verification time some of the UPBUFF registers are
found to be in error, the ground station may make corrections by either of

the following methods:

a. Individual parameters in UPBUFF + 0 to UPBUFF + 19D may be



changed by sending a two digit octal identifier followed by the ENTER
code. For example, if input word 2 (UPBUFF+1) required change, the
ground station would transmit '""02ENTER". . This causes P27 to display
the UPBUFF+1 address in R3 and flash V2INO1, requesting a new octal
data load from the ground. After transmission of the data and its ENTER
codé, P27 repeats the V21NO2 flash to request data acceptance, modifi-
cation or rejection (section 2,1.1,2). NOTE: If the octal identifier

is £ 0 or > COMPNUMB, P27 will continue the V2iN02 flash and
completely disregard the value just entered. It should also be noted
that the contents of UPCOUNT is never changed during line by line
correction,

~b. If several parameters are to be modified, the ground station may
change each separately as in step "a'" above, or it may choose to
terminate and re-initiate the load. To terminate the load the ground
must transmit "VERB34ENTER'" which will cause the CMC to return to
the program it was in before the update was initiated. (P27 turns the
uplink activity light "OFF", and switches to the previous Downlink

list before returning control to the other program.) To resume its
update the ground station would re-transmit the update VERB followed

by the complete update load.

2.1,1.2.3. Reject All the Update Data .
Update data may be rejected at any time by terminating a load. This is
accomplished with the VERB34ENTER sequence described in part 'b" of

section 2.1.1.2. 2,

2.1.1.2.4 Effects and Use of "VERB33ENTER"
1. During data loadsand prior to the V21NO02 flash, transmission of
VERB33ENTER will be ignored by P27.

- 2. During V21N02 flashing, transmission of VERB33ENTER will
initiate the procedure described in section 2,1.1.2.1,

3. If line by line correction is initiated (section 2.1.1.2.2), trans-
misgion of VERB33ENTER after the octal identifier has been entered
will be ignored by P27,



2.1.2 CM Contiguous Block Update

To initiate a contiguous E-memory update the ground station should

transmit "VERB71ENTER".

Before sending the update data the ground station should perform
Program 27 verification as defined in the first three paragraphs of section
2.1.1.1. If P27 is entered, 1 is placed in UPVERB and in UPCOUNT,

The verb 71 data format is defined in section 2.1.2.1 below and the data

load requirements are described in section 2.1,2.2,

2.1,2.1 VERBT71 Data Entry Format

.

_‘The VERB71 update data format is as follows (all Es fepresent ENTERs):

1 1TE

A AAAE
XXXXXE
XXXXXE

.

XXXXXE

where:
1, 3< II< 24 octal, This is the index value used by P27 to process
the update data. The index value representos the tot-al number of numeric
quantities to be loaded, including the index value itself, the starting
address (ECADR) and the update parameters(s). The minimum value of
3 is for a single update parameter load, A maximum value of 24 octal
is allowed since the UPBUFF capacity is a 20 (decimal) register buffer
for P27, This value repres‘ents a maximum of 18 update parameters

in addition to the index count and the starting E memory address.

2, AAAA s the first E memory address (ECADR) of the update block to
be processed, Bits 1-8 indicate the relative address (0—3778) within the

selected EBANK and bits 9-11 identify the desired EBANK (0-7). Also,
for one data load operation, all update parameters must ultimately be

stored in the same EBANK. Therefore, the starting address and the
length of the block must be chosen so that the complete load
is contained in the same EBANK; i.e., (bits 8 - 1 of AAAA) +11-3

must be < 377 octal.



3. X X X X X is octal data which is to be loaded. Ti.4 data is stored
in sequential order in UPBUFF+2 and following, up to UPBUFF+19D.
Scaling of the data must be the same as that of the internal CMC registers.

2.1.2.2 Data Load Requirements by Ground Station
Following Program 27 verification (V2INO1 flashes with the UPBUFF+0
address displayed in R3) the ground station should enter the update data in the

manner described below.

2.1.2.2.1 Index Value
The index value 11 should be entered as an octal number and visually
verified (displayed in R1l) prior tc transmitting the ENTER code. This value

should be within the specified limits (see part 1 section 2.1. 2.1 for format).

If an index value < 3 or 2 24 octal is erronecusly keyed-in followed by
the ENTER code, P27 will reject the valuc and will continue to flash V21NO1
until the ground station enters an index value within the specified limits. (Entry
of a legal value is indicated when the UPBUFI'+] address value is displayed in
R3 and UPCOUNT contains a 2).

If a legal index value is keyed-in but is found to be in error (displayed
in R1) before the ENTER code is transmitted, the operator may correct his
error by depressing the "CLEAR" key and re-transmitting the new index value

followed Ly the ENTER c¢oae: A legally eniered value is stored in UPBUFF+0
and COMPNUMB. UPCOUNT is incremented by t, the next UPBUFF location
is computed and V21INO1 continues to flash indicating a request for an ECADR

load.

If, however, the ground station operator loads a legal index value followed
by the ENTER code and then discovers the numeric value to be incorrect
(UPBUFF+0 display), then the only means of recovery is to terminate the load
(VERB34ENTER) and re-initiate the update VERB. This procedure is necessary
since invalid index values cannot bg changed if entered in COMPNUMB and -

will therefore result in an incorrect update if it is not immediately modified.

2.1.2.2.2 E Memory Address Value
The second octal data word to be entered must be the first E memory
address (ECADR) of the update data block.

The ENTER code following the ECADR causes P27 to store this vglue
in UPBUFF+1, increment UPCOUNT by 1, compute the next UPBUFF location
and continue the V21NO1 flagh which requests an update data lead.
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2.1,2,2.3 Update Data - .

The update parameters which will be stored in sequential E memory
locations beginning with a legitimate E memory address (ECADR), as defined
in part 2 of section 2.1.2.1, may'be loaded in two;separate ways.

1. Each octal value may be individually entered and visually verified
. (address -of data is displayed in R3 and data is displayed in R1) prior to
transmitting the ENTER code, '

If data is in error the operator may depress the "CLEAR'" key and
retransmit the correct octal value followed by the ENTER code. This
code causes P27 to-store the data in.the UPBUFF address specified in
R3. If more data follows, 'UPCOUNT is incremented by 1, the next
UPBUFF location is computed and V21NO1 continues to flash,

This method of input allows the ground station to make immediate
corrections if data errors are detected and to visually verify that each

data word is loaded into its specified E memory location,

2. The second method of input is to transmit all the octal update data
as quickly as possible and then perform a visual verification of all the
data in the UPBUFF registers as specified in section 2.1.1. 2,

2.1,2.3 VERBT71 Contiguous Block Update Verification

The last ENTER of the update sequence causes P27 to flash V2iINO2Z. .
This is a request to the ground station to accept, modify or completely reject
" the data load as specified in 2.1,1.2 sections,

VERB33ENTER also causes P27 to check the validity of the ECADR value
stored in UPBUFF+1 (this value must meet the requirements specified in part 2
of section 2.1.2.1). If the ECADR value is illegal, P27 rejects all input data,
replaces Program 27 with the previcus program value, turns the uplink activity
light "OFF", turns the operator error light "ON'" and switches tothe Downlinklist

for the previous program.

A valid ECADR causes PZ'} to transfer all the update data from the
UPBUFF registers into the specified E memory registers, replace program 27
with the previous program va_iue, turn the uplink activity light "OFE'", switch to

_the Downlink list for the previous program and release the State Vector data.

\-

2.1.3 CM Scatter Update
To initiate an E memory update in non-contiguous E memory 1003}t10ns
the ground station should transmit "VERB72ENTER",

Before sending the update data the ground station should perform
Program 27 verification a8 defined in the first two  paragraphs of section 2.1.1. 1,
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If P27 is entered for a VERB72 update, a 2 is placed in UPVERBand a
1 in UPCOUNT. Following P27 verification the ground station performs this
update exactly as described for the VERB71 updates. The differences in these

two update verbs are noted in the following section,

2.1.3.1 VERB72 Data Entry Format
The VERB72 update format is defined as follows:

I1TE
AAAAE
XXXXXE
AAAARE
XXXXXE

AAAAE
XXX XXI
where:

1. 3< 11 %24 octal. The difference between this index value and the
VERB7! index value is that this value must always be odd. This is due
to the fact that each update parameter must have its specified E memory
address, . Thus, the index count includes itself and up to 9 pairs of up-
date words. An even number index value, althoﬁgh accepted at this point
in the procedure, will cause rejection of VERB72 data as indicated in
section 2.1.3.3. Additionally, Program 27 is replaced with the previous
program value, the uplink activity light is turned "OFF", the operator
error light is turned "ON'", the State Vector data is released and the

Downlink list is switched for use by the previous program,

2. All A.A A As represent the ECADRs. (Each A A A A s the ECADR

of the register to he loaded with the X X X X X immediatelyv following.)
Note that update data entered via VERB72 may be loaded into different

EBANKS.
3, Al X X X X Xs are in octal and scaled the same as the internal

CMC registers.

2.1.3.2 Data Load Requirements by Ground Station
The load requirements of VERB72 are identical to VERB71 (see sections
2.1.2.2 and 2. 1.2, 2.1 through 2.1. 2.2, 3), '
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2,1.3.3 VERBT72 Scatter Update Verification

The last ENTER of the update sequence will cause P27 to flash
V21N02, This is a request to the ground to accept, modify or completely

reject the data load as specified in 2,1.1.2 sections.

VERB33ENTER causes P27 to verify that COMPNUMB is odd, If
COMPNUME is even, P27 will not transfer the data into the specified E

memory registers; instead it will turn on the Operator Error Light, turnoff
Uplink Activity Light, transfer to previous program and downlist.

If, however, COMPNUMB is valid P27 will perform

exactly as specified in the third paragraph of section 2,1,2, 3.
2,1,4 CMC Octal Clock Increment

To initiate a double precision octal time increment the ground station
transmits "VERB73ENTER", '

The loading procedure for this update is'identical to the VERBT70
update defined in section 2,1.1 except that 3 is placed in UPVERB instead of O,

If the update is acceptable, it is immediately used to increment the
clock (i.e,, positive double precision time is added to the clock), No delay
is encountered if the orbital integration routine is in use since the CSM and

1.M state vector time registers and the TEPHEM register are not modified,
v

2-12
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2.1.5 Use of the Contiguous Block Update VERB
VERB 71, defined in section 2. 1.2, can be used to perform the follow
ing updates: :

1. CMC CSM/LM STATE VECTOR UPDATE

CMC DESIRED REFSMMAT UPDATE

CMC REFSMMAT UPDATE

. CMC EXTERNAL DELTA V UPDATE

CMC RETROFIRE EXTERNAL DELTA V UPDATE
CMC ENTRY UPDATE '

CMC LANDING SITE VECTOR UPDATE

b wo

In defining each of these updates, it is assumed that the ground station has
transmitted VERB71 ENTER and performed Program 27 verification as re-
quired prior to transmittal of the index value, ECADR and update parameters.
It is also assumed that final verification of each update will be done as speci-

fied in section 2.1. 2. 3.

2.1,5.1 CMC CSM/LM STATE VECTOR UPDATE

This data consists of a single precision state vector identifier, three (3)
double precision components of position, three (3) double precision components
of velocity and a double precision time. The identifier (UPSVFLAG) indicates
CSM or LM and whether coordinates are earth-centered or moon-centered as
follows:

1= CSM ~ 2=CSM

1= LM earth-centered * -2 = LM
Note that the CMC, at the next permanent memory state-integration, may

moon-centered

change the origin, based ﬁpon computed position. The position and velocity
components should be-in reference coordinates scaled as follows:

earth-centered moon-centered
Position meters/Zz9 meters/Z27
Velocity (meters/cc—:n’iisecond)/Z7 (meters/cen1:isecor1d)/25

The time associated with the state vector should be relative to CMC clock zero.

The identifier is scaled units/214. Time is scaled cen‘ciseconds/228.

The CMC is a fixed point machine with the point just to the left of the

most significant bit.

The scaling indicated above will be sufficient to force the 3 components

of position and the 3 components of velocity and time to numbers less than one.

To form the double precision quantities ready for coding and trans-
mission, the scaled magnitudes of time and each component of position and velo-

city should be expressed as two binary words as follows:

*If a quantity other than 0, -0, 2 or -2 is loaded intc UPSVFLAGQG, the data
will also be interpreted as earth-centered, A 0 or -0 will update the UPSVFLAG
erasable but the CMC will not perform a state vector update. In the other
numeric cases a valid state vector update will be performed {earth-center).
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1st word: _
0 X X X X X X X X X X X X X X

gl 572 573 4 55 56 5=T 5B 50 o100 -1l -2 513 ,-14
2nd word: -
0 X X X X X X X X X X - X X X
5715 516 5-1T 418 ,-19 =20 ,-21 ,-22 ,-23 =24 5-25,-26 27 ,-28

Each X above represents a binary bit of the appropriate magnitude,
the place value of which is indicated below the corresponding X, Once the
magnitude of the component is accounted for in the above 28 X's, the sign
must be considered.

If the component is positive, the words remain as formed; if the com-
ponent is negative, the ''ls complement" of the 2 words is used (all 1's are

replaced by 0's and all 0's by 1's.)

The first word is then transformed into a 5 character octal word, The
first character is the octal equivalent of the first three bits, the second char-
acter is the octal equivalent of the next three bits, etc, This word is referred
to as the ''most significant part" of data in the text below. . Similarly, the
second word is transformed into a 5 character octal word which is the ''least
significant part" of the data, Table 2-1 lists all the uplink characters with their

corresponding binary format.

The CMC CSM/LM STATE VECTOR UPDATE data must be sent in the

following sequence:

Octal Data _
Identifier  Value Data Definition
1 218 ' (index value) ENTER
2 (AAAA)" (ECADR - UPSVFLAG) ENTER
3 XXXXX (identifier) ENTER
4 XXXXX (most sig, part of X position). ENTER
5 XXXXX (least sig. part of X position) ENTER
6 XXXXX (most sig. part of Y position) ENTER
7 XXXXX (least sig. part of ¥ position) ENTER
104 XXXXX (most sig. part of Z position) ENTER
11g XXXXX  (least sig. part of Z position} ENTER

x Refer to Paragraph 2. 1.6 to obtain the absolute address (ECADR) for
this UPDATE. - '

X



Octal Data

Identifier Value : Data Definition
128 XXXXX (most sig. part of X velocity) ENTER
138 XXXXX (least sig. part of X velocity) ENTER
14, XXXXX (most sig. part of Y velocity) ENTER
154 " yxxxx  (least sig. part of Y velocity) ENTER
168 KXXXX (most sig. part of Z velocity) ENTER
178 XXXXX (least sig. part of Z velocity) ENTER
208 XXXXX (most sig. part of time from CMC clock zero) ENTER
.. 218 XXXXX (least sig. part of time from CMC clock zero) ENTER

where each "A", "X" and "ENTER" above represent an uplink word.

9.1.5.2 CMC DESIRED REFSMMAT UPDATE
XSMD - XSMD + 17 is a 3 x 3 double precision matrix which represents the

Reference to Stable Member Desired Transformation.
The elements of the matrix are scaled, units/21.

The following relations must hold:

1. The inner product of any row with 1tse1f must equal 0. 25

2. The inner product of any column with itself must equal 0.25
3. “The inner -product of any row with another row must equal 0

4. The inner product of any column with another column must equal 0
The CMC DESIRED REFSMMAT UPDATE must be sent in the following sequence:

Octal Data

Identifier ~ Value _ Data Definition %

1 244 (index value) ENTER
2 (AAAA)* (ECADR-XSMD) ENTER
3 - XXXXX (most sig. part of Row 1-Col. 1) ENTER
‘ 4 XXXXX (least sig. part of Row 1 Col. 1) ENTER
5 | XXXXX (most sig. part of Row 1 Col. 2) ENTER
6 XXXXX '(least sig. part of Row 1 Col. 2) ENTER
7 XXXXX (most sig. part of Row 1 Col. 3) ENTER

108 XXXXX (least sig. part of Row 1 Col. 3) ENTER

11

8 XXXXX (most sig. part of Row 2 Col. 1) ENTER

*Refer to Paragraph 2. 1. 6 to obtain the absolute address (ECADR) for this UPDATE.



8 Octal Data

€  Identifier Value Data Definition
128 XXXXX (least sig. part of Row 2 Col. 1) ENTER
138 XXXXX (most sig. part of Row 2 Col. 2) ENTER
148 XXXXX . (least sig. part of Row 2 Col. 2) ENTER
154 XXXXX (most sig. part of Row 2 Col. 3) ENTER
168 XXXXX (least sig. part of Row 3 Col. 3) ENTER
17, XXKXX (most sig. part of Row 3 Col. 1) ENTER
208 XXXXX (1east sig. part of Row 3 Col. 1) ENTER
218 XXXXX (most sig. part of Row 3 Col. 2) ENTER
228 XXXXX (least sig. part of Row 3 Col. 2) ENTER
238 XXXXX (most isg.v part of Row 3 Col. 3) ENTER
24, XXXXX (least sig. part of Row 3 Col. 3) ENTER

2.1.5.3 CMC REFSMMAT UPDATE
REFSMMAT - REFSMMAT + 17D is a 3 x 3 matrix used to convert between
reference coordinates and stable member coordinates. The elements of the matrix

are scaled, units/21.

The CMC REFSMMAT UPDATE must be sent in the following sequence:

< Octal Data

8 Identifier Value ' Data Definition
1 24 (index value) ENTER '
2 (AAAA)*  (ECADR - REFSMMAT) ENTER
3 XXXXX (most sig. part of Row 1 Col. 1) ENTER
4 XXXXX (least sig. part of Row 1 Col. 1) ENTER
5 XXXXX (most sig. part of Row 1 Col. 2) ENTER
.6 XXXXX (least sig. part of Row 1 Col. 2) ENTER
7 XXXXX (most sig. part of Row 1 Col. 3) ENTER
104 XXXXX (least sig. part of Row 1 Col. 3) ENTER
118 XAXKXX {most sig. part of Row 2 Col. 1) ENTER
12

8 KXXKXX (least sig. part of Row 2 Col. 1) ENTER

* Refer to paragraph 2. 1.6 to obtain the absolute address (ECADR) for this UPDATE.
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Octal Data . §

Identifier Value Data Definition
13, XXXXX (most sig. part of Row 2 Col. 2) ENTER -
14, XXXXX  (least sig. part of Row 2 Col. 2) ENTER
158 XXXXX (most sig. part of Row 2 Col. 3) ENTER
16, ' XXXXX (least sig. part of Row 2 Col. 3) ENTER
178 XXXXX (most sig. part of Row 3 Col. 1) ENTER
208 XXXXX (least sig. part of Row 3 Col. 1) ENTER
214 XXXXX (most sig. part of Row 3 Col. 2) ENTER
224 XXXXX (least sig. part of Row 3 Col. 2) ENTER
238 XXXXX (most sig. part of Row 3 Col. 3) ENTER
248 XXXXX (least sig. part of Row 3 Col. 3) ENTER

2.1.5.4 CMC EXTERNAL DELTA V UPDATE
This data consists of three velocity components in local vertical coordinates,
and the time of ignition. The scale factors are .
1. DELVSLVX’ g,
DELVSLVX’ v,z

responds to the CM state (earth-centered or moon-centered) at TIG.
28 '

” (meters/centisecond)/z7

must be in a local vertical system at an origin which cor-

2. TIG centiseconds/2
The velocity components, sent from the ground must be in the local vertical system
defined by the CMC-determined, CSM state vector at TIG-30. In addition, in order
for an update to be accepted properly when near the sphere, the CMC must not
change the sphere reference between TIG-30 and TIG.

The CMC EXTERNALDELTA VUPDATE data mustbe sentinthe following sequence:

Qctal Data
Identifier Value Data Definition
1 12 (index value) ENTER
.2 (AAAA)*  (ECADR - DELVSLV) ENTER
3 - XXXXX (most éig. part of DELVSLV_) ENTER
4 XXXXX  (least sig. part of DELVSLV ) ENTER
5 XXXXX (most sig. part of DELVSLV,) ENTER
6 XXXXX  (least sig. part of DELVSLV ) ENTER
7 XXXXX  (most sig. part of DELVSLV ) ENTER
10, XXXXX - (least sig. part of DELVSLV ) ENTER
11, XXXXX  (most sig. part of TIG) ENTER
124 XXXXX  (least sig. part of TIG) ENTER

% Refer to paragraph 2.1.6 to obtain the absclute address (ECADR) for this UPDATE.
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2.1.5.5 CMC RETROFIRE EXTERNAL DELTA V UPDATE

This data consists of the latitude and longitude of the entry target,
three velocity components in local vertical coordinates and the time of
ignition, The scale factors are:

1. GEODETIC LAT(SPI)degrees/360 (North positive)

2. LNG (SPL) degrees/360 (East positive)

3. DELVSLVX (meters/centisecond)/ 27

y, 2
4, TIG cen‘ciseconds/Z28 '
The CMC RETROFIRE EXTERNAL DELTA V UPDATE date must be

sent in the following sequence:

Octal Data
Identifier Value Data Definition
1 164 (index value) ENTER
2 (AAAA) (ECADR- LAT(SPL)) ENTER
3 XXXXX  (most sig. part of LAT (SPL) ) ENTER
4 XXXXX (least sig. part of LAT (SPL)) ENTER
5 XXXXX (most sig. part of LNG (SPL) ) ENTER
6 XXXXX  (least sig. part of LNG (SPL) ) ENTER
7 - XXXXX  (most sig. part of DELVSLVX) ENTER
108 XXXXX  (least sig. part of DELVSLVX)— ENTER '
118 XX¥XX  (most sig. part of DELVSLVy) ENTER
128 XXXXX  (least sig. part of DELVSLVy) ENTER
138 XXXXX  (most sig. part of bELVSLVZ) ENTER
148 XXXXX (least sig. part of DELVSLVZ) ENTER
154 XXXXX  (most sig, part of TIG) ENTER
164 XXXXX  (least sig. part of TIG) ENTER

2.1.5.6 CMC ENTRY UPDATE

This data consists of the latitude and longitude of the entry target,
The scale factors are: ' '

1. GEODETIC LAT(SPL) degrees/360 (North positive)

2. LNG (SPL) degrees/360 (East positive)

The CMC ENTRY UPDATE data must be sent in the following

sequence:

% Refer to paragraph 2. 1. 6 to obtain the absolute address (ECADR) for
this UPDATE. ‘



Octal Data

Identifier Value Data Definition
1 068 (index value}) ENTER
2 (AAAA)* (ECADR-LAT (SPL)) ENTER
3 XXXXX  (most sig. part of LAT (SPL)) ENTER
4 XXXXX  (least sig. part of LAT (SPL)) ENTER
5 KXX¥X  (most sig. part of LNG (SPL)) ENTER
6 XXXXX "(least sig. part of LNG (SPL)) ENTER

2.1.5.7 CMC Landing Site Vector Update »
This data consists of three double-precision position components X, Y, 2,

defining the lunar landing site in moon-fixed coordinates, scaled meters/227.

The CMC LANDING SITE VECTOR UPDATE data must be sent in the following

sequence:
Octal Data _
Identifier Value Data Definition 2
i 108 (index value) ENTER
2 {AAAA)* (ECADR-RLS) ENTER
3 XXXXX (most sig. part of RLS X-component) ENTER
4 XXXXX (least sig. part of RLS X-component) ENTER
5 XXXXX (most sig. part of RLS Y-component) ENTER
8 XXXXX  (least sig. part of RLS Y-component) ENTER
7 XXXXX (most sig. part of RLS Z-component) ENTER
104 XXXXX (least sig. part of RLS Z-component) ENTER

% Refer to paragraph 2. 1. 6 to obtain the absolute address (ECADR) for this UPDATE.
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Q00

2.1.6. Absolute Addresses for UPDATE Program

ASSEMBLE KEVISION 072 (F AGC PROGRAM. ARTEMLS BY NASA 2521114-:11

A}

ABSOLUTE LOCATIONS FOR UPDATES

ECADR MNEMINIC
S1851 . _ECADK UPSVELAG
GL3AVsS -ECADR XS4D
Gl733 . ECADR REFSMMAT
(L3404 - ~EGADR DELVSLY
G3enn .. —ECADR LATISPL)

L2025 . ECLADR ELS.

2

!
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2.2 CMC Digital Downlink

The downlink format is controlled by a .CMC program. This program is
entered on an interrupt caused by an endpmse" from the telemetry system. The
program loads the content of the next two 16-bit CMC registers that are to be transg-
mitted into channels 34 and 35. The loading is accomplished according to.the format

described in the next paragraph,

 Each downlist word consists of 33 significant bits plus seven repetition bits.

. The first bit is a ""word order code bit". The next 16 bits comprise the contents of
one 16-bit CMC register (15 bits of data followed by an odd parity bit). The final 16
bits are the content of another 16:bit CMC register. Since the spacecraft downlink
is organized in 8-bit segments, seven "filler bita" are transmitted to follow the 33
bits outlined above in order to use all the downlink space available. These filler
bits are repetitions of the first seven bits of the first CMC register transmitted.

Thus the form in which the content of the two CMC registers is arranged for
transmission as a sequence of 40 CMC downlink bits (represented by X) on channels
34 and 35 may be pictured as shown in the table below:

Channel 34

X xx'xxxxxxxxxxxxxx
Reg Word
#1° Order 15, 14, 13; 12, 11, 10, 9, 8, 7, 6 5, 4, 3, 2, 1, P,
Code } .
’ wora
Channel 35
Reg#;-xxxxxxxxxxxxxxxx
: 15, 14, 13, 12, 11, 10, 9, 8, Ty 6, 5, 4, 3, 2, 1, P,
Channel 34
X X X X X X X repest
Reg #1 15 14 13 12, 11, 10, 9

Table Showmg CMC Downlink Bits

The first word in any lxst contains the "ID'" and synchronization registers and
has a word order code bit of zero. (All other downlink words have word order code
bits of one except word 51 on the standard downlists which has a word order code bit
of zero to indicate the mid-point of the standard downlists. ) The ID register marks the
beginning of a list and identifies the list bemg transmitted, The synchro*uzatxon
(sync) register always contains the same sixteen bits (111 111 011 100 000 0), which
are used to synchronize remote site downlink processing equipment, The cohtent of
the standard lists and the programs in which they are transmitted are described in

section 2, 2,2,

The standard CMC downlink lists contain 100 downlink words (200 CMC regis-
ters). The CMC digital downlink is trensmitied &t & rate of 50 words per gecond at
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high bit rate and 10 words at low bit rate. Therefore, transmisgsion of the standard

list requires two seconds at high bit rate and ten seconds at the low bit rate.

2.2.1 Erasable Memory Dump Dcéwnl.ist‘

Upon reception of 2 Verb 74 Enter from the keyboard or the'_uplink,

the computer will interrupt the nominal downlist being transmitted end start

. tfansinitting the erasable memory dump downlist, - The first word of the
erasable memory dump downlist is an ID word, 0177783nd the same pattern of synch
bits as on the standard list. The word order code for this downlink word will
be zero. The next 129 downlink words have word order codes of one and
make up the remainder  the 130. word dump downlink list. Word 2 of this
list (i.e., the word following the ID word) contains a '"packed indicator' code
in the first register and the contents of TIME1 in the second register, TIME1
is the least significant clock register and is described later in this section
under the standard lists. The "packed indicator' identifies which erasable
bank and which pass througﬁ that bank is contained in the present list as
follows: ' ' '

Bits 15 & 14 - zero

Bits 13 & 12 - 00 for 1st pass
01 for 2nd pass

Bits 11 thru 9 - gives EBANK number

- Bits 8 thru 1 -