Minimum Key Rendezvous

AUTOCHK Entered from "GOTOPOOH" and 'NDUTINPT"
If bit 7(AUTOSEQ) of FIGWRD1O = O:
Return

Set restart group 4 to cause a start at next line (priority 138)
(Tag here "AUTOCHK1"; from "PIKUP20')

Proceed to address specified by AUTPOINT

REND30S Entered from "V37" if input program number in range 31-38
and [REFSMMAT] available

TEMPMM = MMNUMBER + 50 (makes 31-38 into 81-88)
If bit 9(UTFLAG) of FLAGWRDS = 1:

Set bit 5(TRACKFLG) of FLAGWRD1 = O

Set bit 9(UTFLAG) of FLAGWRD8 = O
If bit 7(RNDVZFLG) of FLAGWRDO = O:

Set bit 7(AUTOSEQ) of FIGWRD1O = 1

TS = 20

Perform "AUTOSET" ("NDUTINPT", via "AUTOCHK", returns to next line)

MMNUMBER = TEMPMM
Proceed to "AUTO37"
MINKDISP

AUTPOINT = Return address

TS = (MMNUMBER - 50) and perform "NEWMODEX'

Perform "RELDSP"

TS = OOOl78

Proceed to "GOPERF1": if terminate, proceed to "GOTOPOOH"
if proceed, proceed to '"STARTAUT"
otherwise, proceed

Set bit 7(AUTOSEQ) of FIGWRD1O = O

Proceed to address specified by AUTPOINT
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STARTAUT Entered from "MINKDISP"
If bit 8(AZIMFLAG) of FLGWRD1l = O:
Set bit 8(AZIMFLAG) of FLGWRD1l = 1 (effect of '"option 4")
If bit 11(HDSUPFLG) of FLGWRD1O = 1:
AZIMANGL = O
If bit 11(HDSUPFLG) of FLGWRD1O = O:
AZIMANGL = % (i.e. 180°)
If bit 1(RENDWFIG) of FLAGWRD5 = O:
Set bit 5(MANEUFLG) of FLGWRD1O = 1
Set bit 4(PTV93FLG) of FLGWRD1O = 1
Set bit 1(PCFLAG) of FLGWRD1O = O
Set bit 7(AUTOSEQ) of FLGWRD1O = 1
Proceed to address specified by AUTPOINT
AUTOSET
AUTTEMP = Return address
MMNUMBER = TS
Set restart group 4 to cause a start at next line
AUTPOINT = AUTTEMP
Proceed to "AUTO37"
BURNHOW
AUTTEMP = Return address

If [DELVLVC| - K £ 0

dv40dAl
TS = 41
Proceed to second line of "AUTOSET"
TS = 40

Proceed to second line of "AUTOSET"
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P8l

Perform
TS = 31
Perform
Perform

Proceed

Perform
TS = 32
Perform
Perform

Proceed

Perform
TS = 33
Perform
Perform

Proceed

Perform
TS = 34
Perform
Perform

Proceed

Perform

TS = 35

"MINKDISP"

"AUTOSET"

""BURNHOW'"

to second line of "P82"

"MINKDISP"

"AUTOSET"

""BURNHOW"

to second line of '"P83"

"MINKDISP"

"AUTOSET"

""BURNHOW"

to second line of '"'P8L"

"MINKDISP"

"AUTOSET"
"BURNHOW"

to second line of "P85"

"MINKDISP"
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Perform "AUTOSET"

Perform "BURNHOW'

Proceed to second line of "P86"
P86

Perform '"MINKDISP"

TS = 36

Perform "AUTOSET"

Perform "BURNHOW'

TS = 36

Perform "AUTOSET"

Perform '""BURNHOW"

Proceed to second line of "P87"

Perform "MINKDISP"
TS = 37
Perform "AUTOSET"
TS = 48
Perform "AUTOSET"

Proceed to "GOTOPOOH"

Perform "MINKDISP"
TS = 38
Perform "AUTOSET"
oaldh ~
Tt ,DELVLVQ' = 0: (all components below 2 m/cs = 0.02 fps)
Proceed to "GOTOPOOH"

TS = 52
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Perform "AUTOSET"
If bit 1(PCFLAG) of FIGWRD1O = 1: (reset in "GYCRS" if torque)
TS = 41
Perform "AUTOSET"
Proceed to "GOTOPOOH"

Perform '"BURNHOW"

Set bit 15(PCMANFLG) of FIGWRD1O = 1 (Tag here 'P86CONT2")
TS = 20
Perform "AUTOSET" ("PIKUP20", since PCMANFIG = 1, after R61l exits)

Set bit 15(PCMANFLG) of FIGWRD10 = O
TS = 52
Perform "AUTOSET"
Proceed to '""GOTOPOOH"
AUTOW Entered from "RENDL" if bit 7(AUTOSEQ) of FLGWRD1O = 1
If bit 5(MANEUFLG) of FLGWRD1O = 1:
If bit 4(PTV93FLG) of FIGWRD1O = 1: (Tag here "AUTOW3'")
Proceed to "REND5C" (initialize W matrix)
If bit 3(TPIMNFIG) of FLGWRD1O = 1:
If bit 2(FULTKFLG) of FIGWRD1O = O: (have both sensors)
Proceed to "RENDAC"
COUNT3MK = 1 (Tag here "AUTOWL')
Proceed to "AUTOW2"
If COUNT3MK # O:

Proceed to "AUTOWR2'"
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If bit 3(TPIMNFLG) of FLGWRD1O = 1:

If bit 8(P35FLAG) of FLGWRD1O

Proceed to "REND5C" (

Proceed to "AUTOW2"
(Tag here "AUTOWL")

If bit 1(PCFLAG) of FLGWRD1O = 1:

TS =T (i.e. TNSR)

cdh

If (MARKTIME - C - AGEOFW)

wrdtime
Proceed to "AUTOWR"

If (OLDMKTME - MARKTIME + C

COUNT3MK = 1

Proceed to "AUTOW2'

TSl = MARKTIME - TS

If TSl>/ 0: (note that this me

minblktm)

(Tag here "AUTOWIA")
= 1: (set in P36)

initialize W matrix)

< 0: (matrix not old enough)

<0:

(too long since last mark)

ans if delay answering initial P3x
display, may force initialization)

Set bit 4(PTV93FLG) of FLGWRD1O = O

Proceed to "REND5C"

1t (Tsl + C ) <

fincmptm N Ctbefcom.p

(initialize W matrix)

O:

Set bit 4(PTV93FLG) of FLGWRD1O = O

Proceed to "REND5C"

If (TS + K

3mincon Cfincmptm T Cy

- AGECFW - C

rnblktm maxwtime) 2 O:

Set bit 4(PTV93FLG) of FLGWRD1O = 1

Proceed to "AUTOW2'"
AUTOW2
If bit 1(RENDWFLG) of FLAGWRD5 = O:
Proceed to '"REND5C"
Set bit 1(RENDWFLG) of FLAGWRD5 = 1

Proceed to "REND7'"
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P52AUTO Entered from "PROG52" if bit 7(AUTOSEQ) of FLGWRD1O = 1
If bit 1(PCFLAG) of FLGWRD1O = 1: (i.e. before burn)
TS =(cos CDUy) sgn DELVchy
Set bit 6(TCOMPFIG) of FLGWRD1O = O
If TS <O:
Set bit 6(TCOMPFLG) of FLGWRD1O = 1
TS = % REFSMMAIB
If bit 1(PCFLAG) of FLGWRD1O = O: (after burn)

(Tag here '"P52AUTO1")

TS = - TS

If bit 6(TCOMPFIG) of FIGWRD1O = 1:

TS = - TS
g s i 1
Xomd = unit (s REFSMMAT, + TS)
Z g = REFSMMAT
= 1 *
X'smd urllt('z-smd Esmd)

Set bit 4(PFRATFIG) of FLAGWRD2 = 1
Proceed to "P52D"
PERF20 Entered from "P52D" if bit 7(AUTOSEQ) of FLGWRD1O = 1
TS = 204
Proceed to "GOPERF1": if terminate, proceed to "GOTOPOOH"
if proceed, proceed to '"GYCRS"
otherwise, proceed
If bit 1(PCFLAG) of FLGWRD1O = 1: (before burn)
Proceed to second line of "GOTOPOOH"
Perform "ALARM" (pattern ouozg)

Proceed to '""PERF20"
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Quantities in Computations

See also list of major variables and list of routines

AGEOFW: See Measurement Incorporation.

AUTPOINT: Single precision cell used for return address storage in the
minimum key rendezvous logic. It could be considered as a 'pointer'
indicating the progress of the computations through the P8k '"driver'.

AUTTEMP: Single precision cell used as temporary storage for information to
be placed in AUTPOINT (to simplify some program logic and for the sake
of restart protection).

AZIMANGL: See Orbital and Rendezvous Navigation.

Cbrnblktm: Single precision erasable memory constant, program notation
"BRNBIKTM', scale factor B28, units centi-seconds (least increment
163.8L seconds). Used in determination of age of W matrix following
next maneuver, for C 1 check.
maxwtime

o’ Single precision erasable memory constant, program notation
P "FINCMPTM", scale factor B28, units centi-seconds (least increment
163.8) seconds). Used to allow for length of time of final targeting
computation.

. : Single precision erasable memory constant, program notation
. — 'MAXWTIME'", scale factor B28, units centi-seconds (least increment
163.8), seconds). Used to determine if W matrix age will be excessive

after next maneuver.

C

: : Single precision erasable memory constant, program notation
nb et "MINBIKTM'", scale factor B28, units centi-seconds (least increment
163.8), seconds). Used to check whether time since last mark is
excessive (if so, COUNT3MK is set to 1).

C

Ctbefcomp: Single precision erasable memory constant, program notation

"TBEFCOMP", scale factor B28, units centi-seconds (least increment

163.84 seconds). Used to check if a sufficient time remains before the
final targeting computation so that W matrix reinitialization should

take place.

i Single precision erasable memory constant, program notation
"WRDTIME'", scale factor B28, units centi-seconds (least increment
163.8l seconds). Used to check if sufficient time has elapsed since
the previous W matrix initialization.

COUNT3MK: Single precision counter, scale factor Bll,, units counts, used to
control the initialization of the W matrix after three marks accumulated
(hence the name). It is incremented in "REND12'", where it is also set
zero after reaching 3. If non-zero, checks in "AUTOW", except those
immediately following a burn, are bypassed.
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DELVLVC: See Burn Control.

KBmincon: Single precision constant, program notation "3MINCON", scale

factor B28, units centi-seconds. Used double precision with
octal value OOOOl8 000028, corresponding to 163.86 seconds or
2.731 minutes.

Kdthdhl: Constant, program notation "DV40/41", scale factor B7, units
meters/centi-second. Value is 0.03048 x 2‘7, corresponding to

10 x 0.3048 x 0.01 x 27, where first term is value in fps, second

converts to meters, third to centi-seconds, and fourth is scale factor.

MARKTIME: See Measurement Incorporation.
MMNUMBER: See General Program Control.
OLDMKTME: See Measurement Incorporation.

Tcdh: See Rendezvous Computations.

TEMPMM: Temporary storage for program number to be used in searching the
program tables in V37 logic (in range 81-88), scale factor Bll, single
precision. Used in "REND30S" to allow start-up of P20 and then
initiation of the desired program.

Z

&smd’ Ismd’ Zomd’ See Inflight Alignment.
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Noun Definitions

DPTEST

If TS, =4, 5, 7, 10, or 13, indicate double precision (return
to calling address +2)

g TSl =0, 1, 2, 3, 6, 8 9, 11, 12, or 14, indicate single
precision (return to calling address +1)
GTSFOUT
SFTEMP1 = K
sfotTS
Return
GTSFIN
SFTEMP1 = K £i
S 11’1TS
Return
LODNNTAB
NNADTEM = K
by OUNREG
NNTYPTEM = K
MY NOUNREG

If NOUNREG < L —
MIXBR = 1
Return

MIXBR = 2

TS = NOUNREG - 1O

RUTMXTEM = Kootmitds

TS
TS = bits 10-1 of NNADTEM

IDADITEM = KidthS NOTE: IDADITEM; refers to:

IDAD2TEM = K, 440 IDADITEM if i = 1
1atbns g IDAD2TEM if i = 2

IDAD3TEM = K, IDAD3TEM if i = 3
1D

Return
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DECDSP3

Proceed to address given by the following table:

L Address

0 "DSPALARM" (after setting DSPCOUNT = -19)

I "DSPDCEND"

2 "DEGOUTSFE"

3 "ARTOUTSF"

b "DP1OUTSF"

5 "DP20UTSF"

6 "OPDEGOUT "

7 "DP3OUTSF"

8 "HMSOUT!"

g "M/SOUT™
10 "DP20UTSF"
11 "AROUT1SF"
12 " 2INTOUT"
13 "DPFRACOT"
14 "ATTERROR"

DEGOUTSF
If MPACHO & -O:
Set bit 15 of MPACHO = 0O
SFTEMP1 = Kdgtbo
MPACdp = KdgtbO‘MPAC+O + SFTEMPL
Proceed to "DSPDCEND"
ARTOUTSF (no shift)
If MPACHO = -O:
MPACdp = -0
Proceed to '"DSPDCEND"

MPAC P = SFTEMP1 MPAC+O

d
Proceed to "DSPDCEND"

DPI1OUTSF (left shift of 14)
Perform "DPOUT" _
MPACdp = 21LF MPACtp (left shift of 1, overflow information lost)

Proceed to "DSPDCEND!

NNDF-2



DP20UTSF (no shift)
Perform "DPOUT"
Proceed to "DSPDCEND"

OPDEGOUT
TS = MPAC+O

If TS210:

i

MPAC+0 = MPACH0 + Koqy, (overflows propagate to bit 15)
If Ts £ -0:

MPAC+0O = MPACHO + KZOb

If MPACHO > O: (includes case where TS = -0)

MPAC+0 = MPACH+O + Kngl

If MPAC+O € -O:

Set bit 15 of MPACHO = O

SFTEMP1 = Kdgtb2

MPAC, = Kdgtb2 MPAC+HO + SFTEMP1

dp
Proceed to "DSPDCEND!"

DP30UTSF (left shift of 7)
Perform "DPOUT"

MPAC, = 21 MPAC (left shift 7, OVFINP set if overflow)

tp
Proceed to "DSPDCEND"

HMSOUT
If MIXBR = 1:
TS = NOUNADD
If MIXBR = 2:
EBANK = bits 11-9 of IDADLTEMﬁECOUNT+l (i.e. IDAD2TEM

for DECOUNT = 1)

TS = 1400, + bits 8-1 of IDADITEMypuoyymi]
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MPAC, =E ,
dp TSy,

Perform "SEPSECNR"

with sign agreement forced

MPACdp = K MPACdp

scn?
DSPCOUNT = 4
Perform "DSPDECWD" (display seconds in R3)
Perform "SEPMIN"
TS, = MPACtO  (whole hours)
If MPACH+1 = -0:

MPACdp = =0
If MPAC+1 # -0:

MPACdp = Kneng MPAGHL
DSPCOUNT = 9

Perform "DSPDECWD"  (display minutes in R2)

If TS, = -0:
MPAGy,, = -0
If TS, # -0:
MPACdp - Khrcnl TS,

DSPCOUNT = 14
Perform "DSPDECWD"  (display hours in R1)

Proceed to address specified by ENTRET

M/SOUT
If MIXBR = 1:
TS = NOUNADD
If MIXBR = 2:
EBANK = bits 11-9 of IDADITEMppoyypt1
TS = 1400g + bits 8-1 of IDADITEMy - oo
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MPACdp = ETSdp

S = MPACdp

, with sign agreement forced

1f (TSI >/ Kmscan:

MPACdp = K sgn MPAC+O

mscn?

Perform "SEPSECNR"

< .
Lt ITS‘ Kmscn12'

MPACdp = MPACdp + Krndcn sgn MPAC+1

Perform "SEPSECNR"
MPACdp - Khisec MPACdp
DSPCOUNT = DSPCOUNT - 3
Perform "DSPDC2NR" (seconds in digits 4 and 5)
CODE = O
COUNT = K - 2

rdpEGOUNT

Perform "DSPIN" (blank digit 3)
Perform "SEPMIN"
MPACd =K ., . MPAC+1

p himin
DSPCOUNT = K q

TApECOUNT

Perform "DSPDC2NR! (minutes in digits 1 and 2)

Proceed to second line of "DSPDCEND"
SEPSECNR

MPACtp = KScnl MPAC

HITEMOUT = MPACdp

dp

MPACt = 22 MPAC (left shift 2, OVFINP set if overflow)

p tp

MPACd = 214 MPACy (left shift 14, overflow information lost,
P p '
leaves seconds in MPACdp)

Return
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SEPMIN
MPAG. = HITEMOUT
dp

Set bits 12-1 of MPAC+1 = sign bit (i.e. zero magnitude, masking
out former information on seconds)

MPAC, =K

tp mncnl MPACdp

Return
AROUT1SF (left shift of 14, single precision operand)

If MPACHO = -O:

Proceed to "DSPDCEND"

MPACtp = SFTEMP1 MPAC+O

MPACdp

Proceed to "DSPDCEND!

Il

214 MPACtp (left shift of 14, overflow information lost)

2INTOUT
Perform '"5BLANK" (blanks all digits)
Perform "+ON"
TS = MPAC+O
Perform "DSPDECVN" (puts first cell in digits 1 and 2)

DSPCOUNT

il

K -3
rdpreouNT

If MIXBR = 1:
TS = NOUNADD

If MIXBR = 2:
EBANK = bits 11-9 of IDADITEM - oo .

TS = 1400g + bits 8-1 of IDADITEMpn ymemiq

TS = MPAC+1
Perform "DSPDECVN" (puts second cell in digits 4 and 5)

Proceed to second line of "DSPDCEND"
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DPFRACOT

If MIXBR = 1:
TS = NOUNADD
If MIXBR = 2:

EBANK = bits 11-9 of IDADITEM ... oo .

TS = 1400, + bits 8-1 of IDADITRM .. .o -
Proceed to '"DSPDCEND"

PUTDCSF2

Proceed to address given by the following table:

EE; Address
0 "AIMCYCLE" (noun octal only)
1 '""BINROUND"'
2 "DEGINSF"
3 "ARTHINSF"
L "DPINSF"
5 ""DPINSF2"
6 ""OPTDEGIN"
7 "'DPINSF"
8 ""HMSIN"
9 "DSPALARM" (can't load MMBSS)
10 "DPINSFL"
11 "ARTIN1SF"
1o "DSPALARM" (can't load XXBYY)
13 "DPFRACIN"
14 "DSPALARM" (no need to load NOJ)
DEGINSF
MPACtp = Kdgcnl MPACdp
MPACtp = MiACtp + Kbtll sgn MPAC+1 If overflow, set OVFINP
MPACtp =2 MPACtp (left shift 1) If overflow, set OVFINP
Proceed to 'DEGINSF2'
DEGINSF2
MPACtp = 21 MPACtp (left shift 1) If overflow, set OVFINP
If OVFINP set (i.e. non-zero), proceed to "AIMCYCLE"
1 .
MPACtp = 27 MPAC, (left shift 1)
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If overflow takes place:
OVFINP = 1 sgn MPACH+O
If MPAC+O = -0:
MPAC+HO = +0

If MPACHO < O:

I

MPACHO == MPAC+O + 00001, (for twos complement)
If OVFINP = O:
TS = MPAC+O
Proceed to address specified by DECRET
If OVFINPS> O:
Set bit 15 of MPAC+HO = 1
TS = MPACH+O
Proceed to address specified by DECRET
If MPAC+O = +0: (OVFINP is <0 if come here)
MPAC+0 = 400004
TS = MPAC+O
Proceed to address specified by DECRET
Set bit 15 of MPACHO = 0
TS = MPACHO
Proceed to address specified by DECRET
ARTHINSF (left shift of 14)
MPACtp = SFTEMP1 MPACdp
If MPAC+O # O, proceed to "AIMCYCLE"

MPAC =2ﬂ+mm%p (left shift of 14)

dp
Proceed to "BINROUND"

DPINSF2 (left shift of 7)

Il

MPACtp SFTEMP1 MPAC

dp
MPACtp = 2'7 MPACtp (left shift of 7, OVFINP set if overflow)

Proceed to second line of ”DPINSF”
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OPTDEGIN

If MPACH+0 & -0, proceed to "ALMCYCLE"

MPAC+O = MPACHO -+ Kngp2

MPACtp = Kdgcnz MPACdp
= P
MPACtp MPACtp + Kbt12 If overflow, set OVFIN
Proceed to "DEGINSF2'
HMSIN

If bits 5-3 of DECBRNCH % 1112: (3 decimal inputs not
received)

VERBSAVE = -25 (force verb 25)

Proceed to "ALMCYCLE"
MPACtp P MPACdp (MPACdp contains hours)
MPACy ) = MPAC,  + MPAC+2
If MPAC+O # 0, proceed to "AIMCYCLE"

MPACtp = Khrcon MPAC+1

If MPACHO # O, proceed to "ALMCYCLE" (input exceeded 745 hours)
TS5 = 214 MPACy (left shift 14)

MPACdp = (YREG, YREGLP) (MPACdp loaded with minutes)

MPACtp = Kwhecon MPACdp
MPAC, == MPAC, + MPACH+2

tp tp
If MPACtO # 0, proceed to "AIMCYCLE"

If \MPAC+1lD Ksomin, Proceed to "AIMCYCLE!
TS = TS + K_; _ MPAGHL
It |1S| Y 228 centi-seconds, proceed to "AIMGYCIE!

MPACdp = (ZREG, ZREGLP) (MPACdp loaded with centi-seconds)

MPACtp - Kwhecon MPACdp

MPACtp = MPACtp + MPACH2

If MPACHO # 0, proceed to "AIMCYCLE"
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If {MPAC+1|>»K599980, proceed to "ALMCYCLE"

TS = IS + MPACdp

&t [TSI)-228 centi-seconds, proceed to "AIMCYCLE"

Force sign agreement of TS (maximum time is 22 - 1 centi-

seconds, i.e. 745 h, 39 m, 14.55

ENOUNADD = Tsdp sec; or 31 d., 1 hI‘, 39 m, 114..55 S)

Proceed to "LOADLV"
DPINSFA (left shift 3)

MPACtp = SFTEMP1 MPACdp
ap 92 MPAC, (left shift of 3, OVFINP set if overflow)
Proceed to second line of "DPINSEF"

il

MPAC

ARTINISF (no shift)
MPACtp = SFTEMP1 MPACdp
Proceed to "BINROUND"

DPFRACIN
Proceed to 4th line of '"DPINSF"

ATTERROR
MPAC+O = - MPACH+O

Proceed to "ARTOUTSE!
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Quantities in Computations

See also list of major variables and list of routines

CODE, COUNT: See Data Input/Output.

DECBRNCH, DECOUNT, DECRET: See Data Input/Output.
DSPCOUNT: See Data Input/Output.

EBANK, ENTRET: See Data Input/Output.

HITEMOUT: Value of number of minutes in time quantity (computed in
NSEPSECNR" for use in "SEPMIN"), scale factor Blé, units minutes.
Least significant 12 bits of least significant half contain
fractional portion of minutes, and therefore must be blanked
in "SEPMIN" for proper computation of the number of integral
minutes in the time argument. Least significant half "LOTEMOUT".

IDADITEM (I = 1,2,3): Temporary storage for information from mixed-
noun tables (see below) for first (R1l), second (R2), and third
(R3) components of noun. The R1 component, of course, is displayed
in register R1 on the DSKY, etc.

Koop: Single precision constant, program notation "20BIAS", scale factor
B-3, units revolutions. Octal value is 16040g, corresponding to
about 19.7754°.

K : Single precision constant, program notation "59MIN", scale

o factor Blh, units minutes. Value is 000738, corresponding to
59 minutes.

K599980: Single precision constant, program notation "59.99SEC!", scale
factor BlL, units centi-seconds. Value is 135578, corresponding
to 5999 centi-seconds (or 59.99 seconds).

Kig11t Single precision constant, Eiogram.notation "BIT11". As used,
value corresponds to (3 x 27*%#) of full scale, or one-half the
least increment on the single precision result for "DEGINSF".

KbtlZ: Single precision constant,lErogram.notation "BIT12". As used,
value corresponds to (% x 274) of full scale, or one-half the
least increment on the single precision result for "OPTDEGIN".

Kd 01 Constant, program notation "DEGCON1l'", scale factor B3, value
8N 555555555 x 273, Value corresponds to (1000/180) x 273, where
first term converts from XXX.XX° to B-1l revolutions, and second is
the constant's scale factor.

NNDF-11



K : Constant, program notation "DEGCON2", scale factor B2, value

d8ON2) 592200005 x 2-2. Value corresponds to (100/45) x 272, where
first term converts from XX.XXX° to B-3 revolutions, and second
is the constant's scale factor.

K Constant, program notation "DEGTAB", scale factor BO, octal value

dgtb0056058 036568, corresponding to decimal 0.18. Value equivalent

to 180/1000, to convert from B-1 revolutions to XXX.XX°.
K : Constant, program notation "DEGTAB +2'", scale factor BO, octal
2 value 16314 31463,, corresponding to decimal 0.45. Value
equivalent to 45/100, to convert from B-3 revolutions to
XX.XXX°.

dgtb

Ky imint Single precision constant, program notation "HIMINCON", scale
factor BO, value 233&68. Value corresponds to (0.6 + 2"7).

K : Single precision constant, program notation "HISECON", scale

hlsecfactor BO, wvalue 231&78. Value corresponds to (0.6 + 2'1A).

Ky pen1: Constant, program notation "HRCON1", Egale {ictor B-14,
value 0.16384. Value corresponds to 1072 x 2.

K Constant, program notation "HRCON", scale factor B28, units
centi-seconds. Value is 000258 371008, corresponding to
360,000 (or 3600 seconds).

hrcon®

K.d : Table of constants for mixed noun information, program notation
i nIDADDTAB", giving address and scaling routine information.
See information below.

:Single precision constant, program notation "MINCON", scale
factor Blh, units centi-seconds. Value is 135608, corresponding
to decimal 6000 (or 60 seconds).

K .
mincon

Knen1: Constant, program notation "MINCONL'", sca%e factog B-2, value
02104, 10422q, corresponding to ( 1/60 x 2 + 27<°), to give
hours scaled Bl4 in MPACHO when return from "SEPMIN" (and fraction
of an hour, BO, in MPAC+1).

Kinenot Constant, program notation "MINCONZ'", scale factor BO, value
00011g 324454. Value corresponds to 60 x 10->.

K : Constant, program notation "M/SCON3", scale factor B28, units

mscn3centi-—seconds. Value is 000254 37016, corresponding to
359,950 centi-seconds (or 59 minutes 59.5 seconds).
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Kmscnl2: Notation assigned to effect in program of constants "M/SCONL"
and "M/SCON2'", both single precision with octal values 777538

and h11268 respectively. The constants information, for program
convenience, is stored in negative form (with magnitude of each
decremented by one least increment for convenience in forming the
absolute value). The net effective value in the program of the
combined constant (scale factor B28, units centi-seconds) is
000254 366524, corresponding to 359,850 centi-seconds (59 minutes
5845 seconds%. A value of time of this value or more would be
displayed in "M/SOUT" as 59 59, with appropriate sign.

: Single precision constant, program notation "MIXCON", scale
factor Blh, value 000508, corresponding to a noun of 4LO. Nouns
of this value or above are considered '"mixed nouns'.

1: Single precision constant, program notation "NEG1", scale factor
B-3, units revolutions, used to convert from twos complement to
ones complement information. Value is - 2=14 (minus one least
increment).

Kng

Knng: Single precision constant, program notation "NEG.2", value
715274. Octal value equivalent to - 62508: since the constant
is added to information scaled XX.XXX°, value corresponds to
100 x (- 0.197754), or - 19.7754° (cf. Kogp)-

: Table of constants, program notation "NNADTAB", for loading
1 NNADTEM. See information below.

Knty-: Table of constants, program notation "NNTYPTAB", for loading
1 NNTYPTEM. See information below.

K,.q.: See Data Input/Output.
I
Kynden: Constant, program notation "RNDCON -1", scale factor B28, units
centi-seconds. Value is 00000g 00062g, corresponding to
50 centi-seconds (0.5 second).
Kotmtp, : Table of constants used to specify scaling routines for mixed

dnouns, program notation "RUTMXTAB". See information below
(is used to load RUTMXTEM). First table cell is for noun LO.

Kécnlz Constant, program notation "SECON1'", scale factor B-=12, value
1.666666666E- x 212, corresponding to (1/6000) x 212(to convert
centi-seconds scaled B28 to minutes scaled Bl6, cf. HITEMOUT).

: Constant, program notation "SECONR", scale factor BO, value

SCD2 017274 012174. Value corresponds to 60 x 1073,
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K First of a set of input constants selected in "GTSFIN", located
in consecutive cells starting at "SFINTAB". Value is 000068
032u08, scale factor B28. Value corresponds to 10° x 2‘28,

to convert from the fraction produced by "NUM" to an integer with

scale factor B28.

sfino‘

stinl: Constant, value O, not assigned.
K : Constant, value O, used to set initial condition for SFTEMP1
for use in "DEGINSF" and "OPDEGIN". The scaling routine itself

selects the appropriate scaling constants.

Sfinz

stin : Constant, value 107078 03A358, scale factor BO. Value
3corresponds to one least increment more than (100 x 1/360),

to convert from an input of XX.XXX° to BO revolutions. Since
there are 27 gyro pulses per revolution, the constant could also
be considered to convert to gyro pulses, scale factor B21.

K Constant, scale factor B3, value 13070 343A58. Value corres-
ponds to one least increment more than (1000 x 1/360) x 27°,
to convert from XXX.XX° to B3 revolutions (hence use Routine #10,

"DPINSFL", to shift result left 3 for a scaling of BO revolutions).

sfinh:

stin : Constant, value 00005g 216168, scale factor Bl,. Value
Scorresponds to (1000 x 1/180) x 2=14, to convert from XXX.XX°
to B-1 revolutions (after performing a left shift of 14).

K fin, Constant, value %61138 31713, scaliéfactor BO. Value
S1i0g corresponds to 107 x O.h53592§7 x 277, to convert between
XXXXX. pounds and Blé kilograms (single precision).
K fin : Constant, value Q0070 20[;,60Sé scale factor BO. Value
. 7 corresponds to 10° x 1 52 x 2 9, to convert between XXX.XX
nmi and meters scaled B29 (there are 1852 meters in a nautical

mile).
stin : Constant, value 81065 05740Sé scale factor BO. Value
8 corresponds to 10™ x l§52 x 2 9, to convert between XXXX.X

nmi and meters scaled B29 (there are 1852 meters in a nautical
mile). See stots'
K Pip Constant, value 11414 31&638, scale factor B3. Value

8109 corresponds to 107 x 182 x 053048 x 27 x 273, for the
net value to convert from XXXXX. feet/second to B1lO meters/
centi-second (hence use Routine #10, "DPINSFL'", to shift result
left 3 for scaling of B7 meters/centi-second).
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K

K

K

K

K

sf

sfi

sf

sfin

sfin

st

K

sfi

: Constant, value 074754 16051g, scale factor BO. Value
corresponds to 104 x lO"2 x 0.30,8 x 2"7, in order to
convert between XXXX.X fps and meters/centi-second with scale
factor BTY.

d s ¥ Constant, Value OOOOl 03h348, scale factor Blh. Value

11 corresponds to 10° x (1/90) x 2=, to convert from XX.XXX°
to B-2 revolutions (after performing a left shift of 14 via
Routine #3, "ARTHINSF").

11'110

: Constant, value 00002 222A58, scale ctor BlL. Value
12 corresponds to 103 x (§600/85 L1) x 27 x 2= minus one
least increment, to convert between XXX.XX° and B1) "CDU
actuator pulses” (after performing a left shift of 14 via
Routine #3, "ARTHINSF"). There are 85.41 arc seconds per
CDU actuator pulse.

: Constant, value 00014 35607 scali factoihBlh. Value
13corresponds to 107 x 1. 358179 0 > to convert
between XXXXXbb. slug-feet and B20 kilogram-meters? (after
performing a left shift of 14 via Routine #3, "ARTHINSF").

The '"bb" means that the input is in units of 100 slug-feetz.
Same constant could also be used to convert between XXXXXbb.
foot-pounds and B20 newton-meters. Constant is not used (since
functions are computed in "FIXCW" as determined from inputs

of vehicle mass).

in

: Constant, value 076068 063008, scale factor B3, Value
1, corresponds to one leagt incrément more than 107 x
(1/25766.1973) x 271 x 272, to convert between XXXXX. fps
and Bl VSAT units (used in entry, where 1 VSAT = 25766.1973 fps),
after performing a left shift of 3 via Routine #10, "DPINSFL'".

: Constant, value 16631, 11307,, scale factor BO. Value
15 corresponds to 10% x (1/21622.4965), to convert between
XXXX.X nmi and BO revolutions. The denominator conversion
value corresponds to 2yrx 6373338 / 1852, i.e. an earth
radius equal to the value of K (see Burn Control) used

rpad
to derive circumference.

: Constant, value 12000 OOOOOB, scale factor B7. Value
16 corresponds to 10° %/25) x°271, to convert between
XX.XX g's and BO ”G—unlts“ (25 g's, as used in Entry Computations),

after performing a left shift of 7 via Routine #5, "DPINSF2',

in

in t Constant, value 27176 14235,, scale fgctor BO. Value
17 corresponds to 104 x ( /34&1 §272) x 27, to convert between
XXXX.X nmi and radians scaled B2 (using the pad radius given

for K .. ).
sf:Ln15
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K .. : Constant, value 39h8O X 2 , scale factor BO. Value

Sflnl8 corresponds to 107 x 0.3048 x 27 19, to convert between XXXXX.
feet and meters scaled Bl9 (there are 0.3048 meters in one foot).
K £ ¥ Constint value 30. h8 x 2 g, scale factor B7. Value corresponds
SHiNg o 10% x 0.3048 x 1072 x 2” x 2~ , to convert between XXXX.X fps

and BO meters/centi-second (first term is for XXXX.X fps, second
converts to meters, third converts to centi-seconds, fourth is for
scaling of final answer, and fifth is scale factor of constant),
after a left shift of 7 via Routine #5, "DPINSF2'",
K fin " Constant, value 1.42213543 x 2 lh, scalg factor B1lh. Value
Sldfen corresponds torO0 x (1/360) x (1/10) x 2 b to convert
between X.XXXX degrees/sec and revolutlons/dec1 second scaled B-9
(first term is for X.XXXX degrees/second, second converts to
revolutions, third converts to deci-seconds, fourth is for scaling
of final answer, and fifth is scale factor of constant), after a
left shift of 14 via Routine #3, "ARTHINSF'". Value should be 1.422222,

K psy ¢ Constant, value % .62962963 x 2 lh, scale factoi Bl4. Value
21 corresponds to 10° x (1/360) x (1/60) x 20 x 2714, to convert
between XXXXX. arc mlnutes and revolutions scaled BO (first term
is for XXXXX. arc minutes, second converts to revolutions from
degrees, third converts to degrees from minutes, fourth is for scaling
of final answer, and fifth is scale factor of constant), after a
left shift of 14 via Routine #3, "ARTHINSF'".

: Constant, value 0.3048E2 x, 2 6, scale factor BO. Value corresponds
22 to th X O 3048 x 107< x 2 6, to convert between XXXX.X fps and
meters/centi-second scaled B6 (first term is for XXXX.X fps, second
converts to meters, third to centi-seconds, and fourth is for scaling
of final answer).

stin

_— : Constant, value 1862E3 b’ 2 , scale factor B3. Value corresponds

23 to 10% x 1852 x 27 , to convert between XXX.XX nmi and meters
scaled B20 (first term is for XX . XX nmi, second converts from nautical
miles to meters, third is for scaling of final answer, and fourth is
scaling for constant), after a left shift of 3 via Routine #10,
"DPINSFL" .,

: Constant, value 0,022222222, scale factor BO. Value corresponds
2L to 10 x (1/360) (1/10) x 23, to convert between X.XXXX degrees/
second and revolutions/dec1—second scaled B-3 (first term is for
X.XXXX degrees/second, second converts to revolutions, third converts
to deci-seconds, and fourth is for scaling of final answer).

sfin

K sfot First of a set of output constants selected in "GTSFOUT",
O located in consecutive cells starting at '"SFOUTAB". Velue is
O5l7h 132618, scale factor BO, with value corresponding to 10 = x
2 h, to convert from an 1nteger with scale factor Blh to XXXXX.

stotl: Constant, value O, not assigned.
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stot : Constant, value O, used to load SFTEMP1l with proper initial

value for use in "DEGOUTSF'" and "OPDEGOUT'",.

K fot Constant, value OO71L,8 315638’ ecale factor B7. Value
- 3 corresponds to (360) x°107< x 2~ 5 To coBXert from BO
revolutions to XX.XXX©. Since there are 2 gyro pulses per
revolution, the constant could also be considered to convert
from gyro pulses scaled B21l.

stot : Constant, value 13A128 O753h8, scale factor BO. Value

L4 corresponds to (360) x 10’3, to convert from BO revolutions
to XXX.XX°.

stot : Constant, value 056058 03656,, scale factor BO. Value
5 corresponds to (180) x 10"3, o convert from B-1 revolutions

o XXX ZXO,
L Constant, valuel 0001, 16170,, scale factor B Value
810U corresponds to 2° x (8/0.15389237) x 1075 x 2714, o

convert between Bl6 kilograms and XXXXX. pounds.

K P Constant, value 00441, 34306, scale factor Blh. Value
810Uy corresponds to 229 x (%/1852) x 107 x 2~14, to convert
between B29 meters and XXX.XX nmi.

K fot. Constant, value Ogl?é8 21603,, scale, factor B7. Value
810% corresponds to (227) x (1/1853) x 107 x 27, to convert
between B29 meters and XXXX.X nmi (there are 1852 meters in a
nautical mile). For N73, converts from units of meters/lOO
(computed by P21) to XXXXXb. nmi.

stot : Constant, value 153AO8 153h08, scale factor BO (equality of
9 two halves of cohstant is correct). Value corresponds to
(100 x 27/0.3048) x 10‘5, to convert from the navigation scaling
of velocity (B7 meters/centi-second) to XXXXX. fps.

stot : Constant, value 01031, 21032,, scale factor B7. Value
10 corresponds to (100 x 57/0.3028) x 1074 x 277 plus one least
increment, to convert from the navigation scaling of velocity
(B7 meters/centi-second) to XXXX.X fps.

stot : Constant, value 3h63l§O§%lA68, scale factor BO. Value

11 corresgonds to (90) x , to convert from B-2 revolutions
to XX.XXX",

stot : Constant, value 14340 2hlh58,licale factor BO. Value
12 corresponds to (85.hl/§600) x 2% x 1077, to convert between
Bly "CDU actuator pulses" and XXX.XX°., There are 85.41 arc
seconds per CDU actuator pulse.
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: Constant, value 02363 03721,, scale factor BO Value
13 corresponds to 2<° (1/ 355317948) x 1077, gonvert
between B20 kllogramrmeters and XXXXbb. slug- feet (the

"bb" means that output is in units of 100 slug—feetz).

Same constant could also be used to convert between B20 newton-
meters and XXXXXbb. foot-pounds. Constant is not used (see

8

stot

|, S
sfln13
K : Constant, value 20373 021228, scale factor BO. Value

sfot 1 -
14 corresponds to 2+ x 25766 1973 x 107°, to convert between
Bl VSAT units and XXXXX. fps (one VSAT is 25766.1973 fps, used

in entry).
K fot. Constant, value O042L 30&46 scale factor B7. Value
& 15 corresponds to 21622, hgé5 X l x 2 , to convert between
BO revolutions and XXXX.X nmi (see K ..
sf1n15
stot : Constant, value 006318 23146,, scale factor BO. Value

16 corresponds to 25 x 10 3, to convert between BO "G-units"
(25 g's, as used in entry computations) and XXX.XX g's.

Koot ° Constant, value 00260 06213 , scale factor B7. Value

17 corresponds to 3&&1.32?2 x 2 x 107% x 2“7, to convert
between B2 radians and XXXX.X nmi (using pad radius, see
K oo ).

sf:Ln17
K_poy @ Constant, value 17.2010499 x 277, scale factor B7. Value
S10%18  corresponds to 217 x (1/0.3048) x 1072 x 277, to convert

between B19 meters and XXXXX. feet (with a left shift of 7 places
due to scaling of the constant).

K fot. ConsBant galue 0.032808399, scale factor BO. Value corresponds
StO%19 0 2Y x 10 (1/0.3048) x 10™%, to convert between BO meters/
centi-second and XXX .X fps: first term is for original scaling,
second converts to seconds, third converts to feet, and fourth is
display scale.

stot : Constant, value O, 70316721&, scale factor BO. Value corresponds
20 to~ 279 x 360 x 10 x 107+, to convert between revolutions/deci-
second and X.XXXX degrees/second: first term is for original B-9
scaling of rev/deci-second, second converts to degrees, third converts
to seconds, and fourth is display scale. Value of constant should be
0.703125: actual value is reciprocal of K . v

sfin
20
: Constant, value 0.216, scale factor BO. Value corresponds to

21 360 x 60 x 107”7, to convert between BO revolutions and XXXXX.

arc minutes (first term converts to degrees, second to minutes, and

third is display scale).

stot
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K fot Constant, value 2 .280839896E-2 x 2 5 scali factar Value
paads corresponds to 2° x (1/0.3048) x 10° x 10~ , to convert
between B6 meters/centl—second and XXXX.X fps: first term is for
original scaling, second converts to meters, third converts to
seconds, fourth is display scale, and fifth is scaling of constant.

Kopor, ¢ Constant, value 0.5399568E-6 x 2?0, scale factor BO. Value
23 correspords to 27 x (1/1852) x 10"3, to convert between B20
meters and XXX.XX nmi.

K fot ¢ Constant, value 45 x 2"7, scale factor B7. Value correspords to
o 24 272 x 360 x 10 x 101 x 7, to convert between revolutlons/de01—
second scaled B-3 and X.XXXX degrees/second first term is for
original scaling, second converts to degrees, third converts to
seconds, fourth is display scale, and fifth is scaling of constant.

K hecon CODStant, program notation "WHOLECON", value 00006, 03240,

scale factor B28. - Value corresponds to 10° x 228 S(to
"compensate' for the scaling done in "NUM'").

MIXBR: Single precision cell, scale factor Blh, set in "LODNNTAB'" to
1l for a "normal" noun and to 2 for a '"mixed" noun.

NNADTEM: Temporary storage cell, single precision, loaded in "LODNNTAB"
with the value of K i, ~corresponding to NOUNREG contents. See
information below. I

NNTYPTEM: Temporary storage cell, single precision, loaded in "LODNNTAB"
with the value of Knty correspondlng to NOUNREG contents. See
information below. 1

NOUNADD, NOUNREG: See Data Input/Output.

OVFINP: See Data Input/Output.

RUTMXTEM: Temporary storage cell, single precision, loaded in "LODNNTAB"
with value of K.i 4y for "mixed nouns' only. See information below.
I

SFTEMP1: Temporary storage cell used to contain the appropriate value
of Kgpin. OF Kgpot.» used for angle bias information (if any) in

"DEGOUTSF" and "OPDEGOUT!'.

VERBSAVE: See Data Input/Output.
YREG, YREGLP: See Data Input/Output (YREGLP described for LPREG).

ZREG, ZREGLP: See Data Input/Output (ZREGLP described for LPREG).
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Noun Table Interpretation

"Normal'" Nouns
MIXBR = 1

Knt bits 15-11 contain the ''component code number!, interpreted as
v follows:

Bit 15 is 1 if no loading of information by use of the
noun with verbs 24 or 25 is allowed.

Bit 14 is 1 if only decimal input/output by use of the noun
is allowed (i.e. no octal verbs may be used).

Bit 13 is not assigned.

Bits 12-11 give information on the number of components:
00, for one component
01, for two components

102 for three components

bits 10-6 contain the "scale factor routine code number', used
in "DECDSP3'" and "PUTDCSF2" to transfer to the proper scaling
routine.

Knty

bits 5-1 contain the '"scale factor constant code number", used in

t
T "GTSFOUT" and "GTSFIN" to select the proper scaling constant.

gives the machine address information with the following
interpretations:

ntb
+0 if noun not assigned.
-0 if previous address to be incremented by +1.

-1 if a channel is to be loaded or read (channel number is
supplied as another input).

£-1 (usually 40000,) if an octal erasable memory address is
to be supplied as§ another input.

>+0 if the octal erasable memory address is given (for the
first component).
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"Mixed" Nouns
MIXBR = 2

Knty bits 5-1, 10-6, and 15-11 contain the "scale factor constant
code number", used in "GTSFOUT" and "GTSFIN", for component
#1, #2, and #3 respectively.

K tp bits 15-11 contain the "component code number", with the same
bit assignments as for bits 15-11 of Knty for normal nouns.

K tp bits 10-1 contain the relative address (with respect to the start

of the K441, table, program notation "IDADDTAB") of the information
in that %ab?e for the first component of the noun. Is 3(NOUNREG -40).
Kidtb gives the octal erasable memory address for the individual

component (if the noun is three components, three consecutive
cells are used).

Krtmtb bits 5-1, 10—6, and 15-11 contain the "scale factor routine

code number", used in "DECDSP3" and "PUTDCSF2'", for component
#1, #2, and #3 respectively.

Notes for Noun Table Information

1. A decimal display of 'hr,mn,sc" appears as: OOXXX. hr
O00XX. mn
OXX.XX sc

2. A decimal single-register display of '"mn, ,sc" appears with minutes
in the first two digits of the register and seconds in the last two
digits. The middle (third) digit is blank. Maximum magnitude is 59 59.

3. Vector-type quantities are displayed with the first (e.g. X)
component in R1, the second component in R2, and the third in R3.

L. Single component nouns appear in R1 only.

5. If an output quantity is larger than the capacity of the display
register scaling, it generally will be displayed modulo that
capacity: this assumes, of course, that the basic cell itself
as stored in memory has not overflowed. If velocity increment of
12000 fps experienced on an XXXX.X fps scale for display, it would
be expected to show 2000(.)0. This arises from the fact that the
K t constants convert the information into the range O - 0.99999,
1mﬁ§?subseqpent display output generated by multiplying by 10 and
using the integral part of the result (in "DSPDCWD1"). Multiplication
by the stot constant takes place before any scaling shifts.
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Noun Table Information

Num- Rou- Con-

No Dec.

Noun Cell Load Only ber tine stant
00 +0 0 0
0l AOOOO8 3 i
02 AOOOO8 3 3
03 AOOOO8 3 2
O4 AK X x 3 1
05 DSPTEM1L 2 3

DSPTEM1+1
06 OPTION1 2 0
OPTION2
07 XREG 3 0
YREG
ZREG
08 AIMCADR 3 0
AIMCADRA+1
ERCOUNT
09 FAILREG 3 0
10 -1 1 0
11 TCSi 2% 3 8
12 OPTIONX 2 0
OPTIONX+1
13 Tcdh X 3 8
14 TRKAZ 2 3
TRKEL
15 -0 il 0
16 DSPTEMX X 3 8
17 CPHIX 3 2
18 THETAD 3 2
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0
0

Decimal
Display

9.0.0.9.0.6
XXXXX.

xxx . xx°

XXX .xx°

xxx .xx°
Octal

Octal

Octal

Octal
Octal
hr,mn,sc

Octal

hr,mn,sc

XXXXX . min

Octal
hr,mn,sc

XX XX

XX XX

Quantity
Not assigned.
Address supplied.
Address supplied.
Address supplied.
FDAI error needles.

Angle error.
Sighting angle.

Option codes.

Address of word.

Bits to be changed.
If £0, reset; if
20, set bits: see
"ABCLOAD" (V25 only).

Alarm data.

Alarm codes.
Channel supplied.
NCC ignition time.

Option codes.

NSR ignition time.

Star tracker angles.

Increment address.
Time of event.

V63 FDAI base angles
(V6OE loads with N20).

Ball angles for
attitude maneuver.



No Dec. Num- Rou- Con- Decimal
Noun Cell ILoad Only ber tine stant Display
19 TRKAZOCT 2 0 0O Octal |
TRKAZOCT+1
20 CDU 3 g 2 XEm.Ex
21 PIPA 3 3 0 XXXXX. cnt
22 THETAD 3 3 2 xXm.xx°
23 THETAD 3 g. 2 Ingan”
2L DSPTEM2+1dp X 9 8 O hr,mn,sc
25 DSPTEML 3 2 0 XXXXX.
26 N26dPRI 3 0 O Octal
N26d2CAD
N26d2CAD+1
27 SMODE 1 3 0 XXXXX.
28 NC2TIG x 3 8 0O hr,mn,sc
29 DSPTEM1 x 1 2 2 Xxx.xx°
30 DSPTEM1 3 3 0 XXXXX.
31 AGEOFW x 3 8 0  hr,mn,sc
32 mTPER X 3 8 O hr,mn,sc
33 Tig X 3 8 O hr,mn,sc.
3L DSPTEM].dp x 3 8 O hr,mn,sc
35 Ttogo X 3 8 0 hr,mn,sc
36 Tnow x 3 8 0 hr,m,sc
37 Ttpi x 3 8 0 hr,mn,sc
38 'Tet x 3 8 O  hr,mn,sc
39 LASTTIG X 3 8 0 hr,m,sc
LO % b 3
Ttogo 9 0O mn, ,sc
VGDISP 10  XXXX.X fps
DVTOTAL 7 10 XXXX.X fps
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Quantity

Special star tracker
octal azimuth display.

Present ICDU angles.
Accelerometer cells.
Desired ICDU angles.
Docking angles.

Delta time for clock.
Checklist information.
Priority/Delay and
2CADR address for

V30 and V31.

Computer self-
test switch.

NC2 ignition time.

Ksm launch azimuth.
Target codes.

Time of r/v W matrix.
Time from pericenter.
Time of "ignition'.
Time of event.

Time from event.

AGC clock.

TPI ignition time,
State vector tﬁme.

Last maneuver (P38).

Time from event.
v value.
[,
Velocity accumulated.



No Dec. Num- Rou- Con- Decimal

Noun Cell Load Only ber tine stant Display Quantity
41 2
DSPTEMlSp 2 2 ImaE Target azimuth.
DSPTEM1+1SP 3 11 Xx.exx0 Target elevation.
L2 x 3
HAPO 7 8 XXXX.X nmi Apo. altitude.
HPER 7 8 XXXX.X nmi Per. altitude.
VGDISP 7 10 XXXX.X fps Required velocity
change.
43 x 3
LAT 10 L XXX.Xx° Latitude.
LONG 10 4 ox.xx® Longitude.
ALT 7 8 XXXX.X nmi Altitude.
Ll X X 3
HAPOX 7 8 XXXX.X nmi Apo. altitude.
HPERX 7 8 XXXX.X nmi Per. altitude.
TFF 9 O mn, ,sc Time from interface
altitude.
45 X X 2
VHFCNT/ 12 0 VH, ,TR VHF marks (D1 and D2).
TRKMKCNT Optics marks (D4 & D5).
Ttogo 9 0 mn, ,sc Time from event.
pMGA 10 L XER.Xx° Predicted middle gimbal
angle (if +).
L6 2
DAPDATR1 0O O Octal DAP code word #1.
DAPDATR2 0O O Octal DAP code word #2.
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Noun

L7

L8

49

50

51

52

53

No Dec.

Num- Rou- Con-

Decimal

Cell Load Only ber +tine stant Display

CSMMASS

LEMMASS

PACTOFF

YACTOFF

N49DISP
N49DISP+2

N49DISP+A

RSPmRREC
HPERX

TFF

+0

ACTCENT

RANGE
RRATE

RTHETA

X

2

11

11

10

10
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12

12

10

15

10

XXX, 1bs

XXXXX. 1bs

XXX .XX©°

XL XX0

XX . XX nmi

XXXX.X fps

XXXX.X nmi
XXXX.X nmi

mn, ,sc

XXX . Xx°

XXX XX nmi
XXX .X fps

XXX Xx°

Quantity

CSM mass.

IM mass.

Pitch SPS trim.

Yaw SPS trim,

Position change.
Velocity change.

Source code (1 for
optics, 2 for VHF),

Splash error.
Per. Altitude.

Time from interface
altitude.

Not assigned.

Active vehicle(CSM)
central angle.

Range from target.
Range rate.

Angle Phi (R34).



No Dec.
Noun Cell Load Only
54 *
RANGE
RRATE
RTHETA
55 x
NN1
ELEV
56 X x
ADOT
57 x
HALFREVS
DHNCC
DELH1
58 x
DELVTPI
DELVTPF
T2TOT3
59 X
DVLOS
60 %
GMAX
VPRED
GAMMAET

Num- Rou- Con- Decimal
ber tine stant Display

3
L 7 XXX.XX nmi
7 10 XXXX.X fps
0 § Dxx
2
3 0 XXXXX.
10 4 xxx.xx°
3
7 2, X.xxxx°/sec
3
3 0 XXXXX.
7 8 XXX.X nmi
7 8 XXXX.X nmi
3 (NOTE that is not
7 10 XXXX.X fps
7 10 XXXX.X fps
9 0 mn, ,sc
3
7 10 XXXX.X fps
3
3 0 XX.XX g
10 9 XXXXX. fps
10 4 XXX.XX°
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Quantity

Range from target.
Range rate.

Angle Theta (R31/P37).

Count.

Elevation angle.

Vehicle rate (from DAP).

Half revolutions.

NCC altitude difference.
NSR altitude difference.
'"No Load")

Delta-V for burn.

Final phase burn.

TPI slip.

Delta-V in line-of-
sight coordinates.

Max. drag predicted.

Predicted velocity
LOO kft above Fischer.

Predicted flight
path angle with VPRED.



No Dec. Num- Rou- Con- Decimal
Noun Cell Load Only ber tine stant Display
61 X 3
LATSPL 10 4 Xxx.xx©
INGSPL 10 4 xxx.xx°
HEADSUP 3 0 XXXXX.
62 x 3
VMAGI 10 9 XXXX. fps
HDOT 10 9 XXXXX. fps
ALTT 7 8 XXXX.X nmi
63 x x 3
RTGO 7 15 XXXX.X nmi
VIO 10 9 XXXXX. fps
TTE 9 0O mn, ,sc
6l x 3
D 5 16 XXX.XX g
VMAGT 10 9 XXXXX. fps
RTGON67 7 15 XXX.X nmi
65 x 3
Tst 8 0 hr,mn,sc
66 x 3
ROLLG 10 4 XxX.xx©
LATANG 7 17 XXX X nmi
DNRNGERR 7 15 XXXX.X nmi
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Quantity

Target latitude.
Target longitude.

Heads up/down.

Inertial velocity.
Altitude rate.

Altitude above base
radius magnitude.

Range from EMS
altitude to splash.

Predicted velocity
at EMS altitude.

Time from EMS
altitude.

Drag acceleration.
Inertial velocity.

Range to target.

Sampled AGC clock.

Commanded roll angle.

Cross-range error.

Down-range error.



No Dec. Num- Rou- Con- Decimal

Noun Cell ILoad Only ber tine stant Display Quantity
67 X 2
RTGON67 7 15 XXXX.X nmi Range to target.
LAT ' 10 4 XXX.xx° Latitude.
LONG 10 4 Xoxa® Longitude.
68 X 3
ROLLC 10 L X Commanded roll angle.
VMAGI 10 9 XXXXX. fps Inertial velocity.
RDOT 10 14 XXXXX. fps Altitude rate.
69 X 3
ROLLC 0 4 X Commanded roll angle.
Q7 5 16 XX.XX g Drag at skip-out.
VL 10 1 XXXXX. fps Skip-out velocity.
70 1
STARCODE 0 0 Octal Source/Body code.
71 1
STARCODE 0 0 Octal Source/Body code.
72 X 3
FIXTIME 8 0 hr,mn,sc R27 optimization time.
i 3
P2]ALT 7 8 XXXXXb. nmi Altitude (P21 output m/100).
P21VEL 10 9 XXXXX. fps Velocity.
P21GAM 10 & 3Exs Flight path angle.
Th 3
ROLLC 10 4 xxx.xx° Commanded roll angle.
VMAGI 10 9 XXXX. fps Inertial velocity.
D 5 16 XX.XX g Drag acceleration.
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No Dec. Num- Rou- Con- Decimal

Noun Cell Load Only ber tine stant Display Quantity

75 X x 3
DIFFALT 7 8 XXXX.X nmi NSR Delta Altitude.
T1TOT2 9 0O mn, ,sc TPI-NSR time.
T2TOT3 9 0O mn, ,sc TPI-NOMTPI time.

76 x bd 3
SVEC 10 23 XX.XX nmi R27 current range.
SVEC+2 7 22 XXXX.X fps R27 current range rate.
TFO 9 0O mn, ,sc Time from R27 optimization.

77 x 3
OPVEC 10 23 XXX.XX nmi R27 optimized range.
OPVECH2 7 22 XXX.X fps R27 optimized range rate.
PHETA o S A « ¢ % ¢ 4 R27 angle.

78 x 3
UTYAW 10 4 XXX.XX° P20 'yaw" angle.
UTPIT 10 L xxx.xx° P20 "pitch" angle.
AZ IMANGI, 510 D T + ¢ O ¢ P20 "azimuth" angle.

i X 2
RATEPTC 3 11 X.Xxxx°/sec Rate ("R67START" divides

by 10), P20 opt. #2.

DBPTC 2 2  XXX.XX Deadband for P20.
80 X X 3
Ttogo 9 O mn, ,sc Time from event.
VGDISP 10 - 9 XXXXX. fps lyg[ value.
DVTOTAL 10 9 XXXXX. fps Velocity accumulated.
81 X 3
DELVLVC 7 10 XXXX.X fps Delta-V in local vert.

coordinates.
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No Dec.
Noun Cell Load Only
82 b'd
VGNSR
83 b'd
DELVIMU
8l x
DVDSP1
DHDSP
DVDSP2
85 X
Yebody
86 4
DELVLVC
87
DAPDATR3
CHSFAIL
CH6FAIL
88 x
STARSAV3
89
DKRATE
DKDB
90 b'd
YCSM
YDOTC
YDOTL

Num- Rou- Con-

Decimal
ber tine stant Display

3

10

13
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10

10

10

10

10

20

10

10

XXX . X

XXX .X

XXX .X

XX X

XXX .X

XXX .X

Octal

Octal

Octal

X.5xxx° /sec

XXX

fps

fps

XX XX nmi

XXX . X

XXX .X

fps

fps

Quantity

NSR velocity change.

Delta-V in control
coordinates.

Next maneuver Delta V.
Next maneuver Delta H.

Third maneuver Delta V.

V_ in control
cdordinates.

Delta-V in local vert.
coordinates.

Docked DAP configuration.
Channel 5 jet inhibit.

Channel 6 jet inhibit.

"Planet'" vector.

Docked DAP maneuver rate.

Docked DAP deadband.

CSM out-of-plane pos.
CSM out-of-plane vel.

OWS out-of-plane vel.



No Dec. Num- Rou- Con- Decimal

Noun Cell Load Only ber tine stant Display Quantity
i 2
CDUS 2 2 xxx.ax° Optics shaft angle.
CDUT 6 2 xx.xxx° Optics trunnion angle.
92 2
SAC 2 2 xx.xx° Desired optics shaft.
PAC 4 2 Xxax© Desired optics trunnion.
93 3
0GC 7 3 xx.xxx° Gyro torquing angles.
9L 2
MRKBUF1:+3 2 2 xxx® Alternate LOS shaft,
sp
MRKBUF1+5_ 6 2 xx.xxx° Alternate I0S trunnion.
95 X 3
NC1TIG 8 0 hr,mn,sc NC1 ignition time.
96 x 3
RANGE L 7 XXX.XX nmi CSM out-of-plane pos.
RRATE 7 10 XXXX.X fps CSM out-of-plane vel.
RRATE2 7 10 XXXX.X fps OWS out-of-plane vel.
97 9
DSPTEM;Sp 3 0 XXXXX. System test inputs.
98 3
DSPTEMZSp 3 0 XXXXX. System test results.
DSPTEM2+1Sp 1 0 «XXXXX System test resuits.
DSPTEM2-+2sp 3 0 XXXXX. System test results.
9g x 3
WWPOS 7 18 XXXXX. ft Position W-matrix
error/initialization.
WWVEL 5 19 XXXX.X fps Velocity W-matrix
error/initialization.
WWOPT 3 0 XXXXX. Option code.
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Quantities in Noun Tables

ACTCENT: See Rendezvous Computations. N52

ADOT: See Digital Autopilot RCS Routines. N56

AGEOFW: See Measurement Incorporation. N31

AK: See Digital Autopilot Interface Routines. NOL
AIMCADR: See General Program Control. NO8

ALT: See Coordinate Transformations. N43

ATTI: See Boost Computations. N62

AZIMANGL: See Orbital and Rendezvous Navigation. N78

CDU: Major Variable. N20

CDUS, CDUT: See Optics Computations. N91

CH5FAIL, CHAFAIL: See Digital Autopilot Docked Jet Selection. N87
CPHIX: See Digital Autopilot RCS Routines. N17

CSMMASS: See Digital Autopilot Interface Routines. NA4T7

D: See Entry Computations. NéL, N7,

DAPDATR1, DAPDATR2: See Digital Autopilot Interface Routines. NAi6
DAPDATR3: See Digital Autopilot Docked Jet Selection. N87
DBPTC: See Orbital and Rendezvous Navigation. N79
DELVIMU: See Display Computations. N83

DELVLVC: See Burn Control. N81, N86

DEIH1: See Rendezvous Computations. N57

DELVTPF, DELVTPI: See Burn Control. N58

DHDSP: See Rendezvous Computations . N8,

DHNCC: See Rendezvous Computations. N57

DIFFALT: See Rendezvous Computations. N75

DKDB, DKRATE: See Digital Autopilot RCS Routines. N&9

DNRNGERR: See Entry Computations. N66
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DSPTEM1: Major Variable. NO5, N25, N29, N30, N34, Nil, N97
DSPTEM2: Major Variable. N24, N98

DSPTEMX: See Display Computations. N16

DVDSP1, DVDSP2: See Rendezvous Computations. N84
DVLOS: See Burn Control. N59

DVTOTAL: See General Program Control. N4O, N80

ELEV: See Rendezvous Computations. N55

ERCOUNT: See Testing Routines. NO8

FATLREG: See General Program Control. NO9

FIXTIME: See Orbital and Rendezvous Navigation. N72
GAMMAEI: See Display Computations. N60O

GMAX: See Display Computations. N60

HALFREVS: See Burn Control. N57

HAPO: See Burn Control. N42

HAPOX: See Display Computations. NAi4

HDOT: See Boost Computations. N62

HEADSUP: See Entry Preparation. N61

HPER: See Burn Control. N42

HPERX: See Display Computations. NA4L, N50

LASTTIG: See Burn Control. N39

LAT: See Coordinate Transformations. N43, N67

LATANG: See Entry Computations (tag also XENGERR). N66
LATSPL: See Display Computations. N61

LEMMASS? See Digital Autopilot Interface Routines. NAL7
INGSPL: See Display Computations. N61

LONG: See Coordinate Transformations. N43, N67
MRKBUF1+3: See Optics Computations. N9,

MRKBUF1+5: See Optics Computations. N94
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mTPER: See Display Computations. N32

N26d2CAD, N26d2CAD+1, N26dPRI: See Data Input/Output. N26
N49DISP, NA9DISP+2, NA9DISP+L: See Measurement Incorporation. NA9
NC1TIG: See Burn Control. N95

NC2TIG: See Burn Control. N28

NN1: See Rendezvous Computations. N55

OGC: See Coordinate Transformations. N93

OPTION1, OPTION2: See Display Interface Routines. NO6
OPTIONX: See Display Computations. N12

OPVEC: See Measurement Incorporation. N77

P21ALT, P21GAM, P21VEL: See Orbital and Rendezvous Navigation. N73
PAC: See Coordinate Transformations. N92

PACTOFF: See Digital Autopilot TVC Routines. N48

PHETA: See Orbital and Rendezvous Navigation. N77

PIPA: See IMU Computations. N21

pPMGA: See Display Computations. N45

Q7: See Entry Computations. N69

RANGE: See Display Computations. N53, N54, N96

RATEPTC: See Attitude Maneuvers. N79

RDOT: See Entry Computations. N68

ROLLC: See Entry Computations. N66, N68, N69, N7L

RRATE: See Display Computations. N53, N54, N96

RRATE2: See Display Computations. N96

RSPmRREC: See Display Computations. N50

RTGO: See Display Computations. N63

RTGON67: See Entry Computations. N64, N67

NNDF-34



RTHETA: See Display Computations. N53, N54
SAC: See Coordinate Transformations. N92
SMODE: See Testing Routines. N27

STARCODE: See Inflight Alignment. N70, N71
STARSAV3: See Inflight Alignment. N88
SVEC: See Measurement Incorporation. N76

Tcdh: See Rendezvous Computations. N13

Tcsi: See Rendezvous Computations. N11

Tet: See Orbital Integration. N38

Tig: Major Variable. N33

T _: Major Variable. N36
now

T_.: See Data Input/Output. N65

Ttogo: See Burn Control. N35, N4LO, NA45, N8O

Ttpi: See Rendegvous Computations. N37

T1TOT2: See Burn Control. N75

T2TOT3: See Burn Control. N58, N75

TFF: See Display Computations. NAiL, N50

TFO: See Orbital and Rendezvous Navigation. N76

THETAD: Major Variable. N18, N22, N23

TRKAZ: See Inflight Alignment. N1,

TRKAZOCT: See Inflight Alignment. N19

TRKEL: See Inflight Alignment. N14

TRKMKCNT: See Measurement Incorporation. NA5

TTE: See Display Computations. N63

UTPIT, UTYAW: See Orbital and Rendezvous Navigation. N78
yﬁbody: See Burn Control. N85

VGDISP: See Burn Control. NAO, N42, N8O
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VGNSR: See Rendezvous Computations. N82

VHFCNT: See Measurement Incorporation. N45

VIO: See Display Computations. N63

VL: See Entry Computations. N69

VMAGI: See Boost Computations/Entry Computations. N62, N6é., N68, N7.
VPRED: See Display Computations. N60

WWOPT, WWPOS, WWVEL: See Measurement Incorporation. N99
XREG: See Data Input/Output. NO7

YACTOFF: See Digital Autopilot TVC Routines. NA48

YCSM, YDOTC, YDOTL: See Burn Control. N9O

YREG: See Data Input/Output. NO7

ZREG: See Data Input/Output. NO7
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Internal Noun Uses

Listed below are the routines which cause the values of particular
nouns to be displayed, together with the associated verb used for the
initial display generation (which is sometimes written over with
another verb). '

Noun Using Routine (Verb)
o1 "OHWELL1" (21); "OHWELL2" (21); "SOPTION" (05)
02 "UPVERIFY" (21)
03 Manual initiation only (angle data, address-to-be-specified)
oL Manual initiation‘only (FDAI error needle information)
05 "R54" (06)
06 See Checklist and Option Codes
o7 Manual initiation only (with V25, to change flag/channel bits)
08 Manual initiation only (Alarm data)
09 See the "D" Error Codes (used with VO05)
10 Manual initiation only (channel-to-be-specified)
11 Wp3at {06)
12 See Checklist and Option Codes
13 "p33n (06); “P34" (06)
14 "R53DISP" (06); "TRKSTAR" (06)
15 Manual initiation only (increment machine address)
16 '"R36" (06); "V82GOFF1" (06)
17 Manual initiation only (V63 FDAI error base angles)
18 "TOBALL" (06); "TOBALL" (06 replaced by 50); "V89RECL" (06)
19 "TRKSTAR" (O4) |
20 "GYCRS" (16)
21 Manual initiation only (accelerometer cells)
22 WIMUATTCK" (25); "P51A" (06); "P52D" (06); "P62.1" (06);

'"R62DISP" (06); "UPCONTRL'" (06); "VBCOARK'" (25)
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23
Rl
25
26
27
28
29
30
31
32
23
34
a2
36
37
38
3
40

L1
L2
43
Lk
L5
L6

Using Routine (Verb)

"OAVECS'" (06)

"ALINTIME" (25)

See Checklist and Option Codes

Manual initiation only (verb 30 and 31 parameters)

Manual initiation only (computer self-test switch)

"p32" (06)

"AZMTHCG1" (06)

"GCOMPVER" (05, written over by VO6N4I.)

Manual initiation only (time of last r/v W matrix initialization)
Manual initiation only (time from pericenter computed in R30)
"P30" (06); "P38" (06); "P77" (06)

"PASSOUT" (06); "P20OPT" (06); "P21PROGL" (06); "P52B" (06)
Manual initiation only (h,m,s display of e.g.R1l of N4O)

Manual initiation only (computer clock)

"P31" (06); "P32" (06); "P33" (06); "P34/P74C" (06); "P35" (06)
Manual initiation only (state vector time, Tet)

np38" (06)

"CLOCKJOB" (06 replaced by 97 or 99); "POSTBURN" (16);
"PLOSXTY" (06); "TIG-0" (06); "TIGAVEG" (06); "V97E" (06);
"V97P" (06); "V99P" (06)

"GCOMPVER" (06, after N30 loads R3)

"p30" (06)

"LONGPASS" (06, Rl and R3 blanked); "PASSOUT" (06); 'P21PROGR'" (06)
NY82CALL" (16); "V82GOFLP" (16)

"P30" (16); "R23CSML" (16 replaced by 53); "VN1645" (16)

"DONOUNLG' (O4)

NNDF-38



Noun

L7
L8
49
50

52

53
Sk
55
56
57
58
59
60
61
62
63
6l
65
66
. 67
68
69
70
71

Using Routine (Verb)

"DONOUNL6" (06)
"DONOUN46" (06)
NRENDISP2" (06, priority display)

Manual initiation only (optional R30 display, Rl computed
in POO and P11 only)

Manual initiation only (central angle of transfer computed
in P35 and P36)

"R31CALL" (16)

"R31CALL" (16)

"P3L/P7LC" (065; "P35" (06)

Manual initiation only (DAP-derived vehicle rates)
"p31" (06); "P32" (06, Rl blanked)

"P3L/P74C" (06)

"P35/P75B" (06)

"NEWRNVN" (06)

npe1M (06); "P62.1" (06)

"VHHDOT' (06)

"NEWRNVN" (16)

"P63" (06)

Manual initiation only (sampled computer clock)
"PREFINAL" (06)

ey 1M (16)

Manual initiation only (éntry quantities)
"P65.1" (16)

'"R51DSP" (01); "TRKSTAR" (01); "VIN70DSP" (01)

”R5BC” (Ol)
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72
73
Th
75
76
77
78
79
80

81

82
83
8l
85
86
87
88
89
90
91
92
93
L
95

Using Routine (Verb)

"P25CSM'" (06); "V76CALL" (06); "72SHOWX'" (06)

Manual initiation only (quantities computed in P21)
"INITROLL" (06)

"P33/P73B" (06)

"BOTHSHOW" (16); "PL7BODY" (16)

"BOTHSHOW" (16); '"PL7BODY" (16)

"DOVEN78" (06); "V6LPERF" (06); "VE9CALL" (06, R3 blanked)
"DOVENT78" (06)

Manual initiation only (R2 and R3 different scales from N4O)

"NC12H" (06); '"N81DISP" (06); "P30" (06); "P33/P73B" (06);
"P34/P7LC" (06); "P38RECYC!" (06); "P77" (06)

'"NCCDMP7+17" (06)

"PL7BODY" (16)

"NC12DH" (06)

"PLOSXTY" (06); "TIGAVEG" (16); "TIGNOW' (16)
Manual initiation only (different scaling from N8&1)
"DKDISP" (05)

"PLANET" (06); "VIN70DSP" (06)

"DONOUN89" (06, R3 blanked)

Manual initiation only (out-of-plane parameters)
Manual initiation only (optics CDU angles)
"R53CHK" (06); "VBCOARK" (24)

NGCOMPVER" (06); "IMUFINEK" (25); "R55" (06)
"R23CSM" (06); "R56" (06); "V6LPERF'" (06)

”PBl” (06)
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96
7
98
2%

Using Routine (Verb)
"R36'" (06)
Manual initiation only (DSPTEM1 cells for system test inputs)
"SHOW'" (06)

"GOTOPOOH" (37, which then blanks noun); "VA7CALL" (06)
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Optics Computations

OPTTEST Entered from "PROCEEDE'" every 0.2, seconds

TS = CDUS (Tag here "OPTDRIVE")
T8, = lTS' - Kh5dg
a &£ .
If TS, £0:
ZONE = O
If TS, > O:
If ZONE = O:
ZONE = TS

If OPTINDE -O:
If OPTIND < -O:

Set bit 8(TVC Enable) of channel 12 = 0

Resume
If SWSAMPIE < O: (Zero optics mode)
Resume
If SWSAMPLE = O: (Manual mode)
If bit 8(TVC Enable) of channel 12 = O: (Tag here "TVCBCK')

Set bit 8(TVC Enable) of chamnel 12 = 1
Resume
If bit 10(ZROPTFIN) of OPTMODES = O: (Tag here "RATEDRV1")
Perform "ALARM" (pattern 01208)
If bit 2(Enable Optics CDU Error Counters) of channel 12 = 0:
VSet bit 2(Enable Optics CDU Error Counters) of channel 12 = 1
Resume
COMMANDS = (DESOPTS - CDUS), rescaled to Bl revolutions. The ones
complement difference of the twos complement numbers is formed,

and a rounded shift employed in the rescaling from B-1 to
Bl revolutions.
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TS = DESOPTT - CDUT (treated as ones complement numbers )
Ir |15) <273 rev (45°):
COMMANDT = (DESOPTT - CDUT), rescaled to B-1 revolutions.
The ones complement difference of the twos complement
numbers is formed, and a rounded shift employed in the
rescaling from B-3 to B-1 revolutions.

If S| 272 rev (45°):

COMMANDT = +MAX sgn TS

OPTIND = +0
Ts1 =0 (ITEMP1 tag)
Ir |cous| - Kgogg ¥ 0 (i.e. 2nd or 3rd quadrant)
If ZONE # O: (should be)
If sgn ZONE = sgn COMMANDS: (+0 is +, -0 is -)

1S, = |DESOPTS|
If sgn ZONE # sgn COMMANDS:

T52 = +MAX

If TS2 - O3 (i.e. DESOPTS 1lst or 4th quad.)

Kooag €
COMMANDS = - COMMANDS

If SWSAMPLE = O: (Manual mode; Tag "CMDSETUP'")
CDUSCMD = -0 (Tag here "RATEDRV2')
CDUTCMD = -0

Set bits 12-11 (Gate outputs from CDUiCMD, i = T, S) of
channel 14 = 1

Resume

Set bit 8(TVC Enable) of channel 12 = 0
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Perform the following for i = S,T: (Tag here "CMDSET" )
O

I

If COMMANDi
CDUiCMD = -0

If COMMANDi # O:

TSl = TSl + 1 (non-zero command required)
TS = | COMMAND:| + K epsl
If TS > O:
CDUiCMD = - Kmxps sgn COMMANDi
If TS« 0:
CDUiCMD = COMMANDi
If TSl.> O

Set bits 12-11 (Gate outputs from CDUiCMD, i = T, S) of
channel 14 = 1

Resume
OPTMON Entered from "PROCEEDE" every O.48 seconds
TS = bit 7(Optics CDU Fail complement) of channel 30
If TS # bit 7(OCDUFBIT) of OPTMODES:
Perform "OCDUFTST"

If OPTIND = -O:

Resume (note that bit 7 of OPTMODES not updated)
If OPTIND < O: (set -1 by e.g. "INITSUBA")

Set bit 2(Enable Optics CDU Error Counters) of channel 12 = 0
'Set bit 7(OCDUFBIT) of OPTMODES =TS

Set bits 5-4(OPMD1BIT, OPMD2BIT) of OPTMODES = bits 5-4 (Computer Control
of Optics complement and Zero Optics Mode complement) of channel 33

If bits 5-4 of C31FLWRD # 00,:

Set bits 5-4 of OPTMODES = bits 5-4 of C31FLWRD
If bits 5-4 of OPTMODES = 11,:
SWSAMPLE = O (Manual mode)

OPTC-3



If bits 5-4 of OPTMODES # 11,:
If bit 5(OPMD1BIT) of OPTMODES = O:
SWSAMPLE = 15 (Computer Control)
If bit 5(OPMD1BIT) of OPTMODES = 1:
SWSAMPLE = -1
If DESOPMOD » O: (previous cycle Computer Control; Tag "PROCESSW')
If SWSAMPLE > O: (still Computer Control; Tag "CSCDES')
DESOPMOD = SWSAMPLE
Resume
If SWSAMPIE < O: (from Computer Control to Zero)
Proceed to ''CSCTOZOP"
Proceed to "CSCTOMAN"  (from Computer Control to Manual)
If DESOPMOD = 0: (previous cycle Manual mode)
If SWSAMPIE > O0: (from Manual to Computer Control; Tag "MANUDES")
WILOPTION = O
ZOPTCNT = O
Proceed to "CSCTOMAN"

If SWSAMPLE = O: (still Manual)

i

WIOPTION = WTOPTION - 1, limited 2 +0O

DESOPMOD = SWSAMPLE

i

Resume

If WIOPTION = O: (from Manual to Zero)

Proceed to "CSCTOZOP"

Proceed to second line of '"CSCTOZOP"
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If DESOPMOD € 0: (as it will) (previous cycle Zero optics)
If SWSAMPLE > O: (from Zero to Computer Control; Tag "ZOPTDES")
If bit 3(ZOPTCS) of OPTMODES = O: (Tag "ZTOCSC")
Proceed to '"CSCTOMAN"
Perform "ALARM" (pattern 01168)
Set bits 3-2 (ZOPTCS, OCDUINHT) of OPTMOLES = O
Set bit 1(Zero Optics CDU) of channel 12 = O
WTOPTION = O
ZOPTCNT = O
Proceed to "CSCTOMAN"
If SWSAMPLE = O: (from Zero to Manual)
If bit 3(ZOPTCS) of OPTMODES = O: (Tag "ZTOMAN")
Proceed to "CSCTOMAN"
Perform "ALARM" (pattern 01168)
WTOPTION = 11
Set bits 3-2 (ZOPTCS, OCDUINHT) of OPTMODES = O
Set bit 1(Zero Optics CDU) of channel 12 = 0
Proceed to "CSCTOMAN"
If bit 3(ZOPTCS) of OPTMODES = O: (still Zero)
DESOPMOD = SWSAMPLE
Resume
If ZOPTCNT > O:
ZOPTCNT = ZOPICNT - 1
DESOPMOD = SWSAMPLE
Resume

Set bit 1(Zero Optics CDU) of channel 12 = 1 (Tag "SETZOEND")

OPTC-5



(If DESOPMOD < 0):
Call "ENDZOPT" in 0.20 seconds

DESOPMOD = SWSAMPLE

Resume
ENDZOPT
CDhUusS = 0O
ZONE = 0O
CDUT = - K2Odegs

Set bit 1(Zero Optics CDU) of channel 12 = O
Delay 0.20 seconds
Set bit 10(ZROPTFIN) of OPTMODES = 1
Set bits 3-2 (ZOPTCS, OCDUINHT) of OPIMODES = O
Perform "OCDUFTST"
End of task
OCDUFTST
If bit 7(Optics CDU Fail complement) of channel 30 = O:
If bit 2(OCDUINHT) of OPTMODES = 1:
Return
If bit 8 of DSPTAB+1l = O:

Set bit 8(Tracker) of DSPTAB+11l = 1, and flag for
output at next opportunity

Return

If bit 1(IMPTSTBT) of IMODES33 = 1:
Return

If bit 8 of DSPTAB+1l = 1:

Set bit 8(Tracker) of DSPTAB+1l = 0, and flag for output
at next opportunity

Return
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CSCTOZOP
ZOPTCNT = 32
WT'OPTION = O
Set bits 3-2 (ZOPTCS, OCDUINHT) of OPTMODES = 1
Set bit 8(TVC Enable) of channel 12 = O
Set bit 2(Enable Optics CDU Error Counters) of chammel 12 = O
DESOPMOD = SWSAMPLE
Resume
CSCTOMAN
If OPTIND » +O:
Set bit 2(Enable Optics CDU Error Counters) of channel 12 = O
Call "ECENAB" in 0.06 seconds
DESOPMOD = SWSAMPLE
Resume
ECENAB
If SWSAMPLE = O: (Manual mode)
Set bit 8(TVC Enable) of channel 12 = 1
Set bit 2(Enable Optics CDU Error Counters) of channel 12 = 1
End of task
SXTMARK
Perform "TESTMARK"
MARKINDX = 1
OPTCADR = Return address (to roﬁtine calling "SXTMARK")

Proceed to "MKVB51"
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TESTMARK Entered from "R56'" and "SXTMARK"
If bits 3-2 of EXTVBACT # 00,:
Proceed to "BAILOUT" (pattern 312118)
Set bit 2 of EXTVBACT = 1
Return
MKRELEAS (Tag also "MKRLEES')
Inhibit interrupts
OPTIND = -1
MARKINDX = O
Set bit 4 (MARKFIG) of FLAGWRD1 = O
Release interrupts
Return
MKVBS1
Perform "KLEENEX"
Proceed to "MKVBDSP"
MKVBDSP
TS = 5100Vn
Proceed to "GOMARKL'": if terminate, proceed to "TERMSXT'
if proceed, proceed to "ENTANSWR"
otherwise, proceed to '"MKVB5X"
ENTANSWR
Establish "ENDEXT" (priority 248)
Change priority of present job to 134 (allows "ENDEXT" to be executed)
Proceed to address specified by OPTCADR
MKVB5X
If MARKINDX > O:
Proceed to "MKVB51"

Proceed to "MKVB50'"
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MKVB50
DSPTEML = 000168
TS = 5025vn
Proceed to '"GOMARKL'": if terminate, proceed to "TERMSXT"
if proceed, proceed to "ENTANSWR'"
otherwise, proceed to 'MKVB5X"
TERMSXT
Perform ""CLEARMRK"
Perform "MKRELEAS"
If MODREG = 03:
Proceed to "GCOMP5"

Proceed to ”GOTOPOOH”

MARKRUPT Entered after receipt of program interrupt #6, navigation
panel DSKY key code or optics mark/mark reject

Il

MKCDUT = CDUT

MKCDUS = CDUS

Il

MKCDUY = CDUy

MKCDUZ

If

CDU
Z
MKCDUX = CDU
X
NET2TL = T
now

T = MKT2T1
st
If bit 6(Optics Mark) of channel 16 = 1:
- o 8 - 1" 1"
TS = 0 guohiud’ Limited > 1 centi-second (tag here "MARKIT")
Call "MARKDIF" in TS centi-seconds

Resume

If bit 7(Optics Mark Reject) of channel 16 = 1:
Proceed to "MKREJECT"

TSl = bits 5-1 (DSKY input) of channel 16

OPTC-9



If TS # 0:
Proceed to "KEYCOM"

Perform "ALARM" (pattern 01138)

Resume
MARKDIF
AL Ccduchkwd o
If any |MKCDUi - CDUiI t Koy > O (1 =X,Y,7)
Perform "ALARM" (pattern 01218)
End of task
If bit 14(R2IMARK) of FLAGWRD2 = 1: (Tag here "MARKCONT")

Proceed to "PUTMARK"

If MARKINDX = O:
Perform "ALARM" (pattern 01148)
End of task

MARKINDX = MARKINDX - 1 (Tag here "MARK2'")

1l

Set bit 4 (MARKFIG) of FLAGWRDL = 1

Proceed to "PUTMARK"

PUTMARK
MRKBUF1+i = MK (i=m&j=Tm%ycmLcwachcmmcmm
If bit 14(R2I1MARK) of FLAGWRD2 = 1:
End of task
Proceed to "MARKDONE"
MARKDONE,
If MARKINDX = O:
Established "MKVB5X" (priority 228)

End of task
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MKREJECT
If bit 14(R2IMARK) of FLAGWRD2 = 1:

If MRKBUF1 » O: (i.e. last mark not yet being processed by R22)
MRKBUF1 = -1
Resume
If bit 7(R22CAFLG) of FLAGWRD9 = 1: (set by "REND1")
Set bit 12(REJCTFLG) of FLGWRD1O = 1 (for "REND7" use)
Resume

If bit 4(MARKFLG) of FLAGWRD1l = O:

Perform "ALARM" (pattern 01108)
Resume
Set bit 4(MARKFIG) of FLAGWRDL = O (Tag here "REJECT3")

MARKINDX = MARKINDX + 1
Establish "MKVBDSP" (priority 228)

Resume (Note that "KLEENEX'" bypassed, so may have more than F V51
on DSKY, e.g. N25 and Rl = 000168 also)

R23CSM Established by '"GOTOR23'" for a V5LE
Set bit 14(R2IMARK) of FLAGWRD2 = O
MRKBUF1 = -1
Change priority of present Jjob to 278 (higher than R22)
TS = 069hvn
Proceed to "GOXDSPF'': if terminate, proceed to 'R21END"
if proceed, proceed

otherwise, proceed to previous line

Proceed to "R23CSM1"

R23CSM1
16 = 53h5vn
Proceed to "MARKMONR'": if terminate, proceed to '"R21END"

if proceed, proceed to '"R21END"
otherwise, proceed
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Inhibit interrupts

T

il

MRKBUF1

dp now
MRKBUF1+2 = CDU (MRKBUF1+3 and MRKBUF1+5 loaded by N9
y in "R23CSM")
MRKBUF1+, = CDUZ
MRKBUF1+6 = CDUX
Release interrupts
Proceed to "R23CSM1" ("V86PERF", if done promptly, can be

used to reject the mark)
R21END
Perform "KLEENEX" B
MRKBUF1 = -1

Change priority of present job to 16 (allow R22 to finish if processing
mark, with proper R2IMARK bit value)

Set bit 14(R21MARK) of FLAGWRD2 = 1

Proceed to "ENDEXT"

R52 Entered from "PIKUP20" and "R51DSP"
SAVQR52 = Return address
DESOPTT = CDUT
DESOPTS = CDUS
OPTIND = +0
Set bit 6(SGTMK) of FLAGWRDO = O (notation R53FLAG)
If bit 10 (LMIRG) of FLAGWRDL = 1: (notation TARG1FLG,

means tracking OWS
Proceed to "R52H" - )

Set bit 15(TERMIFIG) of FLAGWRD7 = O
Proceed to "R52C"
R52C
If SWSAMPLE » O: (i.e. Computer Control of optics)

Proceed to '""R52D"
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If bit 6(SGTMK) of FLAGWRDO = O: (Tag here '"R52M")
Establish '"R53JOB" (priority 2u8)
Proceed to "R52F"
R52F
TS = 0.50 second
Delay TS seconds (by putting job to sleep via "DELAYJOB")
If bit 10(LMIRG) of FLAGWRD1l = 1:
Proceed to "R52H"
If bit 15(TERMIFLG) of FLAGWRD7 = 1: (set by end of "R53" package)
Proceed to address specified by SAVQR52
Proceed to "R52C"
R52H (Entered only if tracking OWS, from "R52" and "R52F")
Perform "R61CSM"
If bit 5(TRACKFLG) 5f FLAGWRD1 = O:
Proceed to address specified by SAVQR52
If bit 7(UPDATFLG) of FLAGWRD1 = 1:
Proceed to '"R52D"
TS = 1.80 seconds

Proceed to second line of "R52F"
R52D
If bit 10(IMTRG) of FLAGWRD1 = 1:

T (Tag here "LEM52')

decl Tnow T K2pl+secdp
Perform "LEMCONIC"

STAR = By

Tisnl = Tats

Perform "CSMCONIC!"
TS = unit(STAR - gatt)
Proceed to ""COM52"
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If STARIND = O:
TS = STARSAV2
If STARIND » O:
TS = STARSAVL
Proceed to "COM52"
CoMB2
STAR = unit( [REFSMMAT] TS)
Perform "CDUTRIG"
Perform "CALCSXA"
If bit 7(CULTFLAG) of FLAGWRD3 = 1
If bit 10(LMIRG) of FLAGWRD1 = O: (Tag here "R52L")
TS = OAOA8
Perform "PRIOLARM": if terminate, proceed to "TERM52"
if proceed, skip next line
otherwise, skip next line
End of job

Proceed to '"R52F"

PACTEMP = KBOdgtr
sp

If bit 7(CULTFLAG) of FLAGWRD3 = O:

If (PAC - KSOdgtr) < 0 and (PAC - KZOdgsmn) > 0:
PACTEMP = PAC
Skip next line
PACTEMP = K
SOdgtrsp
If bit 10(IMTRG) of FLAGWRDL = 1: (Tag here "R52JA")

Proceed to "R52E"

Proceed to '"R53CHK"
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R53CHK
If bit 6(SGTMK) of FLAGWRDO = O:
TS = 0692Vn
Perform "GODSPR"
Proceed to "R52E"
R52E
DESOPTT

1

PACTEMP

DESOPTS = SAC

1

Proceed to '"R52F"
R53J0B Established by "R52C"
Perform '"R53"
End of jJob
TERM52 Entered for V3LE response to OAOA8 alarm display
Perform "KLEENEX"

Proceed to "TERMSXT"

R53
R53EXIT = Return address
Set bit 6(SGTMK) of FLAGWRDO = 1 (program notation R53FLAG)
Perform "SXTMARK" |
If MARKINDX > O: (no marks taken)
Proceed to third line of '"R53"
Perform "MKRELEAS" (Tag here "R53A1")
Proceed to "R53C1"
R53C1 Entered from "R53'" and "R56"

TS = 0

Perform "CLEANDSP"

If (MODREG - 32) £ O: (should not be)
Set bit 15(TERMIFLG) of FLAGWRD7 = 1

Proceed to address specified by R53EXIT
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If bit 12(P50.1FLG) of FLAGWRDO = 1:
Set bit 15(TERMIFLG) of FLAGWRD7 = 1
Proceed to address specified by R53EXIT
Proceed to "R53C"
R53C
TS = Ol?lVn
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH")
if proceed, proceed
otherwise, proceed to previous line
If STARCODE € -0 or if (bits 6-1 of STARCODE) > W7g:
Set bit 7(Operator Error) of channel 11 = 1
Proceed to '"R53C"
If bit 7 of STARCODE = 1:
If STARCODE # 001464 (i.e. sun not specified)
Set bit 7(Operator Error) of chammel 11 = 1

Proceed to "R53C"

TS = 6 (bits 6-1 of STARCODE)

If STARIND = O:
BESTI = TS
If STARIND = 1:
BESTJ = TS

If MODREG # 50:
If bit 8 of STARCODE = O: (e.g. not of form 002xx)
Set bit 15(TERMIFIG) of FLAGWRD7 = 1
Proceed to address specified by'R53EXIT'

Proceed to "R53DISP"
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R53DISP

R56

TS = Oélhvn
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH")

if proceed, proceed
otherwise, proceed to previous line

TS = TRKAZ, rescaled (by doubling) to B-1 rev.
MRKBUF1+3 = TS, modulo 271 rev. (180°)
ik ITS)?, 4 (i.e. bigger than 180°)
Set bit 7(Operator Error) of channel 11 = 1
Proceed to "R53DISP"
TS = TRKEL, rescaled (by doubling) to B-1 rev.
MRKBUF1+5 = TS, modulo 2~ rev. (180°)
It ITS’2, L (i.e. bigger than 180°)
Set bit 7(Operator Errar ) of channel 11 = 1
Proceed to "R53DISP!
Set bit 15(TERMIFLG) of FLAGWRD7 = 1
Proceed to address specified by R53EXIT

Entered from 'P51B" and "R51DSP"

R53EXIT = Return address
TS = Oé9hvn
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH")

if proceed, proceed
otherwise, proceed to previous line

Perform "TESTMARK" (Tag here "R56A")

S =0

Perform "CLEANDSP"

TS = 5soovn

Proceed to "GOMARK2'": if terminate, proceed to '"GOTOPOOH"

if proceed, proceed to previous line
otherwise, proceed
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SAC = MRKBUF1+3 (loaded in R1 of N94)

il

PAC

MRKBUF1+5 (loaded in R2 of N9L)

Inhibit interrupts (SAC and PAC loading done in interpretive language,
maximizing the delay between ENTR response and the
sampling of CDU angles. Also can be delayed if
R67 active, since higher priority than P54/R56).

MRKBUF1, =T

dp now

MRKBUF1+2 CDUy

I

MRKBUF1+/ = CDUZ

MRKBUF1+6 = CDUX

Release interrupts

Perform "CLEARMRK"

TS = 000168

Proceed to "GOPERF1'": if terminate, proceed to '"GOTOPOOH"
if proceed, proceed

otherwise, proceed to 4th line of '"R56"

Proceed to '"R53C1"

OPTC-18



Quantities in Computations

See also list of major variables and list of routines

BESTI, BESTJ: See Inflight Alignment.

C bt Single precision erasable memory constant, program notation
SISt "CDUCHKWD'", scale factor Blh, used to specify (if positive non-
zero) the number of centi-seconds delay before "MARKDIF'" is performed
after receiving an optics mark button input. If the cell is zero

or negative, the delay is 0.0l second.

C31FLWRD: See Digital Autopilot RCS Routines.

CDUS: Single precision value of counter input cell 0036,, containing the
optics CDU shaft angle (also identified with the X axis), scale factor
B-1, units revolutions, in twos complement.

CDUT: Single precision value of counter input cell 0035,, containing the
optics CDU trunnion angle (also identified with thé Y axis), scale
factor B-3, units revolutions, in twos complement. See KZOdegs'

CDUiCMD (i = T, S): Single precision value of computer special erasable
memory cells 0053, - 0054, respectively. Pulses are generated based on
the contents of tgese cells if bits 12-11 respectively of channel 14 = 1,
and the optics CDU error counter is loaded from the 3200 pps pulse
train information_if bit 2 of channel 12 = 1, gor the output to give
one revolution, 27 pulses from CDUTCMD, and 212 pulses from CDUSCMD,
are required. The same cells are also used for TVCYAW and TVCPITCH
commands for the SPS engine (see Digital Autopilot Interface Routines).

COMMANDT, COMMANDS: Raw values of trunnion and shaft commands computed in
"OPTITEST'", same scaling as CDUiCMD. The sign of COMMANDS may be
reversed for shaft-stop avoidance purposes.

DESOPMOD: Single precision value of SWSAMPLE the previous time that "OPTMON"
was performed, used to determine if a change has taken place in the
setting of the optics mode switches (Computer Control, Manual, or
Zero) .

DESOPTT, DESOPTS: Single precision values of desired CDUT and CDUS
respectively, twos complement with same scaling as CDUT and CDUS
respectively. They are used in "OPTTEST" to generate optics driving

" commands (if OPTIND and SWSAMPLE are satisfactory).

EXTVBACT: See Verb Definitions.

IMODES33: See IMU Computations.
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K : Constant, program notation ”Z.ASggDP”, scale factor B28, units
e centi-seconds. Value is 240 x 2 , corresponding to 2.4 seconds.

K : Single precision constant, program notation "20DEGS", scale factor
20degsB_3, units revolutions. Value is 7199 x 2‘lh, but since used

(in "ENDZOPT") in complement form, value equivalent to 7200 x 2714,

or 19.7754°. When the optics are 'zeroed", the CDUT cell is loaded

with - KZOdegs' Consequently, to find the "true'" trunnion angle, this

19.7754° value must be added, and to convert "true" to actual cell
contents this 19.7754° value must be subtracted. See e.g. '"CALCSXA".
The octal value of - K2Odegs is 617h08.

K : Constant, program notation "20DEGSMN", scale factor B-3, units
2R revolutions. Value is -7199 x 21k (as a ones complement number),

equivalent to -19.775L° (see Konde S) Causes limiting of trunnion

value if the derived "true" ang?g £8 negative.

Kh5d : Single precision constant, program notation "13,14,15", scale
factor B-1, units revolutions. Value is 70000,, corresponding
to a value of 10000, as used in program (after & one-bit correction
for convenience in ?orming absolute value), or 45°. If CDUS is = or
less than this value, then ZONE is set O; if greater and ZONE
is =zero, then ZONE is set to CDUS.

K50d s Constant, program notation "38TRDEG", scale factor B-3, units

BT revolutions. Value is 0.66666667, corresponding to 30° in the
value of CDUT, or a '"true'" trunnion angle of 30 + 19.775. =

49.775L° (see K20d ). Constant formerly was 0.4 (a "true" value

of 37.7754°), nénce®the notation.

K9Od : Single precision constant, program notation "NEG1/2", scale factor
B-1, units revolutions. Value is 57777,, corresponding to a value
of 20001, as used in the program (after a one-bit correction
for convénience in forming absolute value), or about 90°, If CDUS
magnitude is less than 90%, then there is considered to be no
problem with the optics stops.

K bt Single precision constant, program notation "NEGR", scale factor

m B-1, units revolutions. Value is -2 x 2=14 but used in program

in such a way (for convenience in forming absolute value) that the
effective value in program is -3, or about -0,033°, A change in an

IMU CDU angle of more than 3 least increments in C centi-
seconds causes the optics mark to be rejected in ”ﬁﬂﬁﬁﬁ&fq, provided

Ccduchkwd is positive non-zero.
Kmx St Single precision constant, program notation "MAXPLS", scale factor
P Bl4, units optics CDU output pulses. Value is -83 x 2714, see

CDUiCMD above for pulses/revo}gtion: note that Bl revolutions is
equivalent to Blh pulses if 27~ pulses = 1 revolution.
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K 1 Single precision constant, program notation "MAXPLS1", scale
MXPSL factor Bl,, units optics CDU output pulses. Value is -82 x 2_lh,
but used in program (for convenience in forming absolute value) in
such a way that effective value is -83 (see K B
mxps

MARKINDX: Single precision cell, scale factor Bli, loaded in "SXTMARK"
with 1, and decremented in '"MARKDIF'" so as to contain the count of
the number of marks remaining (i.e. decremented to O: cell a hold-over
from earlier design requiring a capability for mare than a single mark
in some programs). It is incremented in "MKREJECT" when a mark is
rejected. "R53" checks the cell and if non-zero re-—enters the marking
routine, so as to force a mark to be processed.

MKCDUi, MKT2T1: Set of buffer cells loaded in "MARKRUPT'" with optics and
IMU CDU angles (with time in MKT2T1, double precision), and used in
"PUTMARK" to load appropriate cells. The scaling of the cells is
the same as that of the quantities with which they are loaded, and
their sequence is MKT2T1l, , MKCDUY, MKCDUS, MKCDUZ, MKCDUT, and
MKCDUX . P

MRKBUF1l: Set of cells loaded in "PUTMARK'" with optics mark information.
The cells have data in the same sequence as described above for MKCDUi,
MKT2T1. For common use of processing routines, "R23CSM1'" and 'R56"
load these cells with information in the same format as that done for
normal optics marks. They are also loaded in '"R53DISP'" (after the N1,
star tracker specification) with TRKAZ (in MRKBUF1+3) and TRKEL (in
MRKBUF1+5). Note in this case, however, MRKBUF1+5 has information
scaled B-1 revolutions, not B-3 revolutions as it has when it is used
for CDUT information (either prime optics or equivalent N94 R2 input).
For R22 use, a setting of MRKBUF1 (first cell) to a negative number
indicates that no mark data are in the cells. For R22, a mark reject
(or V86E) must be done sufficiently promptly (e.g. within 7 seconds)
after a mark to avoid having it be incorporated (barring the NLO
display). The notation "MRKBUF1" refers to the first cell of the set,
i.e. MRKBUF1+O. MRKBUF1+3 is displayed in R1 of N9, and MRKBUF1+5 in
R2 of N94.

OPTCADR: Single precision cell used to contain return address for "SXTMARK".

OPTIND: Single precision control cell, scale factor Blh, used to control the
performance of "OPTTEST'". If it is negative, including -0, driving of
the optics is bypassed. A setting of -O means that the optics are
"preserved': this setting is done in "S40.6'" when the output channel

"bits are set for TVC use (see CDUiCMD above). The setting to -1
is done in e.g. "INITSUBA" in conjunction with V37 processing.

OPTMODES: Single precision flag word used for control of "TLRUPT"
computations associated with the optics hardware. The individual
bits have the following meanings:

Bit Symbol Meaning
10 ZROPTFIN Zeroing of optics has been completed since last

fresh start or restart if bit is 1.
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Bit Symbol Meaning

7 OCDUFBIT Nominal last sampled value of channel 30 bit 7
(O if an optics CDU fail indication has been
generated by the optics CDU hardware). If OPTIND
= -0, the value of the bit is not changed in
"OPTMON", although a channel 30 bit 7 change will
cause "OCDUFTST" to be entered to change bit 8
of DSPTAB+11 (the Tracker light).

5  OPMD1BIT Last sampled value of channel 33 (or C31FLWRD) bit
5: zero if Computer Control mode of optics desired.

4  OPMD2BIT Last sampled value of channel 33 (or C31FLWRD) bit
Af zero if Zero Optics mode of optics desired. If
bits 5-4 = 112, Manual mode of optics desired.

3  ZOPTCS Bit set 1 in '"CSCTOZOP" to indicate that the wait
for zeroing of optics is in process. It is set zero
in "ENDZOPT", after the completion of the necessary
wait,

2  OCDUINHT Bit set 1 to inhibit generation of Tracker alarm
(bit 8 of DSPTAB+11) within "OCDUFTST" routine.

PAC: See Coordinate Transformations.

PACTEMP: Single precision cell, same scaling as PAC, used to retain the
value of PAC derived in R52, with limiting if necessary, that is
subsequently loaded into DESOPTT.

R53EXIT: Single precision cell containing return address from "R53'" or
"R56'" (allowing "R53C1" to be used by both).

SAC: See Coordinate Transformations.
SAVQR52: Single precision cell containing return address from '"R52'".

STAR: See Coordinate Transformations. Used in "R52D" to retain temporarily
the OWS position vector (scale factor B29, units meters).

STARCODE: See Inflight Alignment.-
STARIND: See Inflight Alignment. It is set O in "ROO'".

STARSAVL, STARSAV2: See Inflight Alignment.

SWSAMPLE: Single precision cell containing information on the value of
the optics hardware mode last sampled in "OPTMON" (DESOPMOD is
loaded with the same value before termination of the routine), scale
factor Blh. A positive non-zero value (e.g. 15) means Computer Control
mode; a zero value means Manual mode; and a negative value (-1) means

Zero Optics mode.
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Tsﬁ

: See Data Input/Output.

TRKAZ, TRKEL: See Inflight Alignment.

WTOPTION: Single precision cell, scale factor Bli, set to 11 in "OPTMON"

ZONE :

if switch from Zero to Mamal optics mode with zeroing not yet
complete (alarm 0116, is generated also). It is decremented by 1,
with a lower limit of +0, when "OPTMON'" is entered with previous
and present cycle modes both Manual. If switch back to Zero from
Manual before counter decremented to O (which occurs in about 5.3
seconds), then ZOPTCNT is not reset to 32. Cell set O in "CSCTOZOP"
and in "OPTMON'" if go from Zero to Computer Control.

Single precision cell set O in "ENDZOPT" or in "OPTTEST" if CDUS
magnitude less than 45°, and set in "OPTTEST" if CDUS magnitude
exceeds ABO and cell presently O. It is used in "OPTTEST" in the
implementation of the optics shaft stop monitor (if non-zero, only
its sign is employed). Cell is required because optics shaft
stops are at T 270° from '"zero" ("zero" is the position at which
optics are left after zero mode employed). If, after zeroing,
were to drive optics towards e.g. +707, then when CDUS exceeded
ASO ZONE would be set to positive non-zero. If continued to
drive in the same direction, e.g. to +100°, then +140°, then
+l7OO (always with increments of less than 180° from present
CDUS, so go "shortest' way, namely in same direction), then ZONE
would remain positive non-zero and optics would continue to
drive. If, from the 170° point, the next DESOPTS were -160°
(or, equivalently, +200°), then "shortest distance" would again
be the 30° across the 1806 point, and the optics would be driven
there, with ZONE remaining untouched (CDUS reading would be ''-160°"
when reach DESOPTS). Note that, however, if had started at the
"zero" point, would have driven optics in the opposite direction
(i.e. though -30, -70, etc.). If the next DESOPTS were e.g.
-100°(i.e. +260°), then here the optics would again be driven in
the same direction, with ZONE unchanged, from -160° to -100°, or
only 10® away from the stop at +270° (note that '"normal" method
of reaching -100°, from "zero'", would have gone the other way).
At the -100° (actually +260° as far as how shaft angle got there
is concerned) point, ZONE is still positive non-zero. If the
next DESOPTS were e.g. -60° (i.e. 4300°), this would generate a
COMMANDS of (-60°) - (-100°) = +40°: to drive there directly,
however, would require violating the hardware stop at 270°, and

~hence the stop monitor logic is invoked. With these conditions,

all the conditions at the top of page OPTC-2 are satisfied,

since CDUS magnitude (100°) exceeds 90°; ZONE # O; the sign of
ZONE, = sign of COMMANDS (both positive); and magnitude of

DESOPTS is 60° (less than 90°). Consequently, the COMMANDS
polarity is reversed, so that instead of driving towards -60°,

the optics are driven towards -140° (-100 + -40). Assuming that
DESOPTS remains —600, the next attempt would be to drive towards
-220° (+140°, i.e. =140 =(-60 --140)), and so on. When CDUS is
driven below 900,'then shaft stop logic is no longer involved,
since '"'shortest path' is likewise one that avoids the optics shaft
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stops. Finally, when optics reaches the -60° point (the '"long
way'" ), ZONE would have been reset to O and then to negative non-
zero, to protect the stop at -270° (+90°). If the value of
DESOPTS were to ''chatter" near a magnitude of 270, then the
optics themselves would be driven in alternating directions: in
this case, manual selection of optics zeroing should be done.

ZOPTICNT: Single precision cell, scale factor Blj, set to 32 at the
start of optics zeroing (assuming no WTOPTION effect), to give an
optics zeroing period of 33 x 0.48 + 0.4, 16.2 seconds. An
alarm (pattern 116,) is generated if switch out of zeroing before
completion of initial part of delay (about 15.8 seconds from when
switch first sensed to be in zero mode). See WI'OPTION (no
setting of WIOPTION is made if switch to Computer Control: it is
reset to O instead).
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Orbital Integration

STATEINT Called by "ENDINT", and restarted via group 2.3
Establish "STATINT1" (priority 058)
End of task

STATINT1 Established by "NDUTINPT" if bit 9Q(UTFLAG) of FLAGWRDS = 1,
by "STATEINT", and by restart group 2.5 (in "ROO" for POO)

If bit 5(QUITFLAG) of FLAGWRD9 = 1: (set by "VERB96'")
Make restart group 2 inactive
Set bit 5(QUITFLAG) of FLAGWRD9 = O
End of job | (must key e.g. V37EOOE to get periodic integration)
Tdecl - Tnow
Set bit 3(V96ONFIG) of FLAGWRDS = O
Perform "INTSTALL"
Set bit 1(NODOV37) of FLAGWRD2 = 1
Set bit 5(STATEFIG) of FLAGWRD3 = 1
Set bits 4(CONICINT) and l(WMATINT) of FLAGWRD3 = 0
Set bit 9(POOFLAG) of FLAGWRD3 = 1

Set bit 3(CSMINTSW) of FLAGWRD3 = 1 (Tag here "STATEUP")

Set bit 8(PRECIFLG) of FLAGWRD3 = O
Perform "INTEGRV"

Tdecl - Tetcm

Perform "INTSTALL"

Set bit 3(CSMINTSW) of FLAGWRD3 = O
Set bit 5(STATEFLG) of FLAGWRD3 = 1

Set bits 4(CONICINT) and 1(WMATINT) of FLAGWRD3 = 0
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If bit 1(RENDWFLG) of FLAGWRD5 = 1:
Set bit 1(WMATINT) of FLAGWRD3 = 1
Set bit 8(PRECIFIG) of FLAGWRD3 = 1
Perform "INTEGRV"
Set bit 1(NODOV37) of FLAGWRD2 = O
Proceed to "ENDINT"
ENDINT
Set bit 5(STATEFLG) of FLAGWRD3 = O
Set restart group 2 to phase 3 (2.3, causing NSTATEINT" to be called)
Call "STATEINT" in KéOOsc secords

End of job
CSMPREC

Perform "INTSTALL"
IRETURN = Return address (to routine calling "CSMPREC")
Set bit 3(CSMINTSW) of FLAGWRD3 = 1

Set bit 8(PRECIFLG) of FLAGWRD3

1l

1
Set bits 4(CONICINT) and 1(WMATINT) of FLAGWRD3 = O
Proceed to second line of "INTEGRV"
LEMPREC
Perform "INTSTALL"
IRETURN = Return address (to routine calling "LEMPREC")
Set bit 3(CSMINTSW) of FLAGWRD3 = O
Proceed to 4th line of '"CSMPREC"
CSMCONIC
Perform "INTSTALL"
IRETURN = Return address (to routine calling "CSMCONIC")

Set bit 3(CSMINTSW) of FLAGWRD3 = 1
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Set bit 1(WMATINT) of FLAGWRD3 = O
Set bit 4(CONICINT) of FLAGWRD3 = 1
Proceed to second line of "INTEGRV"
LEMCONIC
Perform "INTSTALL"
IRETURN = Return address (to routine calling "LEMCONIC")
Set bit 3(CSMINTSW) of FLAGWRD3 = O
Proceed to 4th 1line of "CSMCONIC'
INTEGRVS
Set bit 8(PRECIFLG) of FLAGWRD3 = 1
IRETURN = Return address (to routine calling "INTEGRVS')
TDELTAV = O
TNUV = O
Perform '"RECTIFY"
Set bit 1(WMATINT) of FLAGWRD3 = O
Set bit 13(NEWIFLG) of FLAGWRD8 = 1
Proceed to "ALOADED'
INTSTALL
QPRET = Return address (since enter in interpretive language)
If bits 14(INTINUSE) and 13(INTGRAB) of FLGWRD1O # 00,:

Put present job to sleep (starting address id = 2nd line of
WINTSTALL", i.e. check of bits)

Set bit 14(INTINUSE) of FLGWRD1O = 1

Proceed to address specified by QPRET (of present job, of course)
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INTWAKE

If bit 13(INTGRAB) of FIGWRD1O = 1: (means restarted)
TBASE2 = QPRET of present job
Set restart group 2 to resume computations at next step
QPRET (of present job) = TBASE2
If bit 13(INTGRAB) of FIGWRD1O = O: (i.e. got a restart)
Proceed to address specified by QPRET (of present job)
Awaken all jobs with starting address id = 2nd line of "INTSTALL" (Tag

here "INTWAKEO")

Set bits 14(INTINUSE) and 13(INTGRAB) of FIGWRD1O = O

i

Proceed to address specified by QPRET (of present job)
AVETOMID (Entered from "AVGEND")

EGRESS = Return address
If bit 1(RENDWFLG) of FLAGWRD5 = 1:

TS, =T (holds in MPAC) (tag here "INT/W")

pptm
Perform "INTSTALL"
Set bit 1(WMATINT) of FLAGWRD3 = 1
Set bit 1(AVEMIDSW) of FLAGWRD9 = 1
Set bit 3(CSMINTSW) of FLAGWRD3 = 1
Taar = T8y
Perform "INTEGRV"
X2 =10 (tag here '"'SETCOAST")
Perform "INTSTALL" |
Set bit 3(CSMINTSW) of FLAGWRD3 = 0
Reect =2
RC! - Brect
Tdecl - Tpptm

Tet - Tpptm
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yrect =X
VeV =1V
= -rect
TDELTAV = O
TNUV = O
T =0
(e
XKEP = O (notation also "XPREV'")
Perform "MOVEACSM'"
Set bit 5(STATEFLG) of FLAGWRD3 = 1
Set bits A4(CONICINT) and 1(WMATINT) of FIAGWRD3 = O
Perform "INTEGRV"
Proceed to address specified by EGRESS
MIDTOAV1 R41 entrance from ”PAOS/SV” (PAO/PAl)
TIRETURN1 = Return address
Perform "INTSTALL"
Set bit 3(MIDI1FLAG) of FLAGWRD9 = 1

IS =T + K
oW

n timedt

Ir {r TS) € O: (i.e. desired time less than K

decl timedt

from now)
Set bit 3(MID1FLAG) of FLAGWRD9 = O
IRETURN1 = IRETURNL + 1
Perform "ALARM" (pattern 17038)
TICRDD = Ktimedt
Proceed to 5th line of "MIDTOAV2"

Proceed to 6th line of "MIDTOAVR"

ORBI-5



MIDTOAV2 R41 entrance from "PL7CSM" (PL7/PL8) and "S61.1" (P61/P62)
TRETURN1 = Return address
Perform "INTSTALL"
Set bit 3(MID1FIAG) of FLAGWRD9 = O

TTOADD = K

timedt
- " n
Tiecl = Tpoy T TTOADD (tag here "ENTMID2'")
Set bit 1(WMATINT) of FLAGWRD3 = O (tag here "ENTMID1")

Set bit 3(CSMINTSW) of FLAGWRD3 = 1

Il

Set bit 4(CONICINT) of FLAGWRD3 = O

1 (causes '"DIFEQ+2" to

Set bit 2(MIDAVFIG) of FLAGWRD9
transfer to '"CKMID2'")

Perform "INTEGRV"

Bl = B
¥on = Lo

rIlpp’c,ml - Tatt
Inhibit interrupts

pptml ~ Tnow’ with sign agreement forced

Proceed to address specified by IRETURN1

TS =T

CKMTD2 Entered from "DIFEQ+2" if bit 2 of FLAGWRD9 = 1

If bit 3(MIDIFIAG) of FLAGWRD9 = O:

If |T - - :
l dec Tetl KBCsecs < O
L (Tet - Tnow - K5pésecs)>/ 0, proceed to "A-PCHK"
TTOADD = +
TOADD = TTOADD Ktimedt
Tdec = Tnow + TTOADD

Proceed to "TESTLOOP"
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B = Tnow ¥ Ktimedt

Ef Tdec - TS 2 0:

Proceed to "TESTLOOP"
Set bit 3(MIDIFLAG) of FLAGWRD9 = O
IRETURN1 = IRETURNL + 1
Perform '"ALARM" (pattern 17038)
TTOADD = K

timedt

T =T + TTOADD
dec now

Proceed to "TESTLOOP'

MOVEACSM

Brectcm Erect

Yrectcm yfect

Tetcm N Tet
DELTAV = TDELTAV
L - v

NUV = TNUV
Yot v
RCV = RCY
Lo Al
VCV _ = VCV
LI v
T = T
ccm {34
XKEP = XKEP (notation also "XPREV")
Return
MOVEALEM

E'rectlm - Erect

1l

y-rectlm 1'Irect

Tetlm - Tet
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DELTA\_Tlm = TDELTAV
NUY;,, = TNUY
RCV;,, = RCY
VCElm = VCV
Tclm - Tc
XKEle = XKEP (notation also "XPREV")
Return

MOVEPCSM
Brect - Brectcm
Vrect = Yrectem
Tet - Tetcm

TDELTAV = DELTAV
s ~emn

TNUV = NUV,

RCV = RCV
= —cm
ey = Vev,_
Te = Teem
XKEP = XKEPcm_ (XKEP notation also "XPREV")
Return
MOVEPLEM
R

frect B-rectlm

Y-rect - Erectlm

Tet = Tetlm

TDELTAV = DELTAV,

TNUY = NUY,

RCY = RCV.

1m

VCY = VCY,

XKEP = XKEP (XKEP notation also "XPREV")
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INTEGRV
IRETURN = Return address (to routine calling 'INTEGRV'")
Set bit 13(NEWIFLG) of FLAGWRDS = 1
If bit 3(CSMINTSW) of FLAGWRD3 =.l:
Perform '"MOVEPCSM" |
Proceed to "ALOADED"
Perform '"MOVEPLEM"
Proceed to "ALOADED"
ALOADED
Reset overflow indicator
Tdec B Tdecl
If bit 4(CONICINT) of FLAGWRD3 = 0, proceed to "TESTLOOP"
TAUORB = Tdec = Tet
Perform '"RECTIFY"
Perform "KEPPREP"
et et c
Proceed to "RECTOUT"

A-PCHK

If bit 5(STATEFLG) of FLAGWRD3 = 0, proceed to "RECTOUT"

Set bit 5(STATEFLG) of FLAGWRD3 0

Set bit 13 (INTGRAB) of FLGWRD10 1 (means restart phase change)
If bit 3(CSMINTSW) of FLAGWRD3 = 1:
Perform '"MOVEACSM"

If bit 1(AVEMIDSW) of FLAGWRDY = O:

R = RCV + TDELTAV
V = VCV + TNUV
Tpptm B Tet

Proceed to "RECTOUT"

ORBI-9



Perform "MOVEALEM" (bit 3 of FLAGWRD3 = O, meaning OWS integration)

R = RCV + TDELTAV
—other — —
yother = VCV + TNUV Time tag is in Tetlm

Proceed to "RECTOUT"
RECTOUT

Perform "RECTIFY"

I

R R Push-down list OD-5D
—att —rect ,

Yatt = Lrect 6D-11D
Tatt = Tet 12D-13D
Ratel ™ RBrect LeB-150
Yarel = Yrect A0D-230
MUpPp = Kmutabo 26D-27D
X1 = =2
Proceed to "INTEXIT"

INTEXIT
Reset overflow indicator
Set bits 2(MIDAVFLG) and 1(AVEMIDSW) of FLAGWRD9 = 0
Set bits 5(STATEFLG) and 8(PRECIFLG) of FLAGWRD3 = 0
X2 =0
QPRET = IRETURN
Proceed to "INTWAKE" (returns to address in QPRET)

TESTLOOP
If bit 5(QUITFLAG) of FLAGWRDY9 = 1: (set by "VERB96'"; reset by

"STATINT1'")

]
o

Set bit 5(STATEFLG) of FLAGWRD3

Proceed to "INTEXIT"
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3
T8, = Kde‘/lRQy' /  S—_— (scaled B28 in units of centi-
0 seconds)

TS

I

2 TSl shifted right 7 places (giving scale factor B35, or
least increment of 128 centi-seconds,
with low-order bits of TS, lost)

TS3 TS, shifted left 15 places (giving scale factor B20

centi-seconds)

Il

If Kipomx - TS3 < 0, or if overflow taken place:

TS3 = Kyt ome (TS3 in push-down list location 12D)
TS = Tdec -~ Tet’ with sign agreement forced
TS = TS, shifted left 8 places (scale factor B20, units centi-sec)
1f |Ts| - TS, > 0, or if overflow has taken place:
18 = TS3 sgn TS
¢ lus] ~ Ky pom, <O

Proceed to '"A-PCHK"

DTd2 = % TS (accomplished by considering scaling of DTd2 B19,
whereas TS is scaled B20)

If bit 9(POOFLAG) of FLAGWRD3 = O, broceed to "TIMESTEP"

If bit 8(PRECIFLG) of FLAGWRD3 = 1, proceed to "TIMESTEP" (not CSM
from "STATINT1")

If TS - T§3 €0, proceed to "A-PCHK" (equals case does not transfer)

If bit 13(NEWIFLG) of FLAGWRD8 = O, proceed to "TIMESTEP"

Set bit 13(NEWIFLG) of FLAGWRD8 = O (if get here, came from "STATINT1")

[a —_ e s 3 -
Tuh Tyac = Tet (scale factor B28, units centi-seconds)
If TSh < 0, proceed to "INTEXIT" (no backwards integration)

TS5 = TS, shifted right 6 places (rounded shift, scale factor B26)

If TS, - 4 T85<f(), proceed to "INTEXIT" ("4" because of scaling)

L
Proceed to "TIMESTEP" (at least 4 time steps behind)
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RECTIFY

Erect = RCV + (TDELTAV, shifted right 7 places)
i Erect
V.o = VCU + (INUY, shifted right 4 places)
VoY = Yoget,
TDELTAY = O
TNUV = O
T =0
c
XKEP = O (notation also "XPREV'")
Return
TIMESTEP

If ITDELTAE[ - 0, or if overflow taken place:

K >
3dL4 =
Perform "RECTIFY"

Proceed to "INTGRATE"
If |TDELTA1\/|R01| - K > 0:  (|TDELTAV[shifted right 7
recrat places)

Perform "RECTIFY"

Proceed to "INTGRATE"

If ITNUEl - KBdA‘)'O’ or if overflow has taken place:
Perform "RECTTIFY" (Note that sensing overflow
resets overflow indicator in
Proceed to "INTGRATE" all cases)

Proceed to "INTGRATE"
INTGRATE

Set bit 14 (JSWITCH) of FLAGWRDO = O

N
<
1

TNUV

YV

TDELTAV
DIFEQCNT = 0

ALPHAV = YV
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H=0
Proceed to "ACCOMP'
ACCOMP
FV = 0
BETAV = RCV + ALPHAV (ALPHAV shifted right 7 places)

If bit 1(WMATINT) of FLAGWRD3 = 1:

VECTAB 1 ppoeyy = BETAV
ALPHAM = |ALPHAV |
ALPHAV = unitALPHAV

Perform '"GAMCOMP"

ALPHAV = BETAV

ALPHAM

BETAM
Proceed to "OBLATE"
GAMCOMP
BETAM = |BETAY |
BETAV = unitBETAV

RHO = ALPHAM / BETAM computed in quasi-floating point fashion,
using K for scaling information

ascaleo
LIIQ = RHO (RHO - 2 ALPHAY - BETAY) (same as (A - 2 B) A/B®
for non-unit vectors)
2
s = Trg St 3 LIIG 2;23
1+ (1 + LIIQ)
TS = ALPHAV + (FOFQ/RHO) BETAV (scaled BL)
RHO .
TS, = =K TS (computed quasi-
- mutaby  ppe? (1 + 111Q)3/ 2 floating point)

Reset overflow indicator
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FV = FV + Igl (using Kascaleo and Kascalel for scaling data)
If overflow has taken place, proceed to '"GOBAQUE"
Return
GOBAQUE Entered if overflow from '"DIFEQ+2'", "GAMCOMP'", and "OBLATE"
If ITDELTAZ = 0: (all components below 2 meters)
Proceed to '"POODOO" (pattern 204308)
TAUORB = TC - H
Tet - Tet =&
Perform "KEPPREP"
Perform "RECTIFY"

Proceed to "TESTLOOP"

OBLATE
COSPHI = ALPHAV * C
Feeeme —unitw

P,' = 3 COSPHI
B." = 3 (15 cospHI® - 3)

| Q- 1 — U
P4 = (1/3) (7 P3 COSPHI - 4 P2 )

1 - 1 1 _ v
P5 = 5 (9 P4 COSPHI - 5 P3 )
TS = (P + 4 o132 <P vy JA13 '>) ALPHAY (scaled B6)
= 3 ALPHAM \" 4 ALPHAM "5
TS = TS - <P ¥ B312 (P A - B '))
= = 2 ALPHAM \"3 ALPHAM 4 “unitw

K.
TS =-———l~—z TS computed quasi-floating point
ALPHAM

Reset overflow indicator
IS = FV + IS

If overflow indicator set, proceed to "GOBAQUE"
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FV = TS

Proceed to '"NBRANCH"

NBRANCH

If DIFEQCNT = -24, proceed to "DIFEQ+2"
If DIFEQCNT = O:
PHIV = FV

If DIFEQCNT = -12:

PSIV = PHIV + 4 FV
PHIV = PHIV + 2 FV
H = H + DTd2

DIFEQCNT = DIFEQCNT - 12
ALPHAV = YV + H (ZV + % H FV)
If bit 14(JSWITCH) of FLAGWRDO = 1, proceed to '"DOW.."
TS = DTd2, shifted right 9 places (3 interval least increment 1 cs)
If DIFEQCNT = —R4:
Round TS to double precision (otherwise, a truncated shift)
TAUORB = Tc + TS
Tet = Tet 4 TS
Perform "KEPPREP"
Proceed to "ACCOMP"
KEPPREP (Entered from "ALOADED'", "GOBAQUE', and 'NBRANCH'")
A = % unitRCY - VCV
QARG = (TAUORB - T _)/|RCV]

TS = (1/6) QARG ® - lvcy_l2 |rRCV|)/ |RCV|

tab0
XKEPNEW = XKEP +"Kmutab QARG (1 - A5 QARG + Z(A5 QARG)2 + TS)
0

(XKEP also has notation "XPREV'")
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KEPRTN = Return address (to routine entering '"KEPPREP')

Proceed to "KEPLERN" (with overflow indicator reset just before
adding the "1" factor to other terms)

DIFEQ+2
YV = YV + H(ZV + PHIV H/6)
7V = ZV + H(PSIV + FV)/6

If bit 14(JSWITCH) of FLAGWRDO = 1:

W =7V  (shifted left 3 places, compensating for
27-COLREG NEXTCOL" right shift)

TS = YV  (shifted left 3 places)

If overflow indicator set:
Set bit 1(WMATINT) of FLAGWRD3 = 0
Set bit 1(RENDWFLG) of FLAGWRD5 = O
Set bit 5(STATEFLG) of FLAGWRD3 = 1
Perform "ALARM" (pattern 04218)
Proceed to "TESTLOOP"

Y corpee = T8

If COLREG 2 O:

Tdecl - Tdec
Proceed to third line of "INTEGRV"
COLREG = COLREG +3
Proceed to "NEXTCOL"
If overflow indicator set, proceed to "GOBAQUE" (sensing it resets)
TNUV = 2V
TDELTAY = YV
If bit 2(MIDAVFIG) of FLAGWRD9 = 1, proceed to "CKMID2!
If bit 1(WMATINT) of FLAGWRD3 = O, proceed to "TESTLOOP"

Set bit 13(INTGRAB) of FLGWRD1O = 1
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If bit 3(CSMINTSW) of FLAGWRD3 = 1:
Perform "MOVEACSM"

If bit 1(AVEMIDSW) of FLAGWRDY9 = O:

R = RCV + TDELTAV
V = VCV + TNUV
Tpptm - Tet

If bit 3(CSMINTSW) of FLAGWRD3 = O:

Perform ''MOVEALEM"

R RCV + TDELTAV
—other — =

VCV + TNUV (T is time tag)

lIother etlm

Set bit 14(JSWITCH) of FLAGWRDO = 1
COLREG = -15

Proceed to "NEXTCOL"

NEXTCOL
YV = E—COLREG (shifted right 3 places)
2V = Wyo_oormEe (shifted right 3 places)

DIFEQCNT = 0
ALPHAV = YV

H=0

Proceed to "DOW.."

DOW. .

=3
[95]
|

2 VECTAg-DIFEQCNT

_ 3 (ALPHAV -+ unitTS) unitTS - ALPHAV
|T§|3 mutabO

5|
<
I

Proceed to "NBRANCH"

ORBI-17 |



Quantities in Computations

See also list of major variables and list of routines

A_: Intermediate quantity used in "KEPPREP'", scale factor B7, stored in
push-down list location 4D (corresponds to gamma times square root of
mu) .

ALPHAM: Value of magnitude of ALPHAV (before ALPHAV made a unit vector),
same scaling and units.

ALPHAV: Cell used for several purposes. When initially enter "ACCOMP",
contains position deviation scaled B22 meters. Subsequently loaded
with unit (ALPHAV), scale factor Bl. Is then set to unit position
vector (originally BETAV information), with scaling for ALPHAM cor-
respondingly B29, and retains this setting when "OBLATE" entered.
When W matrix computations are done, is used to contain value of
YV (E-COLREG) information. Can also be used as internal communica-

tion cells with coordinate transformation routines.

BETAM: Value of magnitude of BETAV (before BETAV made a unit vector), same
scaling and units.

BETAV: Vector giving vehicle position with respect to body whose accelera-
tion effect is being computed, units meters. In "ACCOMP", initial
scale factor B29.

C ., : See General Program Control.

—unitw

COLREG: Single precision cell ("column register') used to control the
indexing in "DIFEQ+2'" and "NEXTCOL" for the appropriate number of
elements of the W matrix, scale factor B13 (since W matrix elements
double precision).

COSPHI: Argument for "OBLATE'" equations, program notation '"COSPHI/2",
scale factor Bl, stored in push-down list location 18D. It is the
cosine of the angle between the unit polar vector and the position

vector.

DELTAycm, DELTAzlm: "Permanent" values of TDELTAV for CSM and OWS respec-
tively, same scaling as TDELTAV. Program notation DELTACSM and
DELTALEM.

DIFEQCNT: Single precision cell, scale factor Bl4, used for program con-
trol purposes, having values 0, =12, and -24 at the beginning, middle,
and end of each integration step. It is negative for convenience in
using interpreter indexing orders.
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DTd2: Value of limited time increment for orbital integration, scale fac-
tor B19, units centi-seconds (is actually 1/2 the value of the net
increment, e.g., beginning to middle or middle to end). It is
derived in "TESTLOOP".

EGRESS: Single precision cell used to retain return address information
(e.g., from "AVETOMID").

FOFQ: Function of LILQ used in '"GAMCOMP'", scale factor (for FOFQ/RHO) B3.
Program does not actually divide by RHO, but instead computes FOFQ/RHO
directly: FOFQ computation shown as given, however, to facilitate com-
parison with published equation information.

FV: Value of disturbing acceleration (second time derivative of position
deviation), scale factor B-16 in meters/cs®. Same cell used in "DOW.."
for W-matrix updating, where scale factor is 38 less than ALPHAV
scale factor.

H: Value of time since beginning of integration step, scale factor B19,
units centi-seconds.

IRETURN: Single precision cell used to retain return address information
from the subroutine entered to use the orbital integration package

(after "INTSTALL" logic has given control of the package to the
routine used).

IRETURN1: Single precision cell used to retain return address information
from "MIDTOAV1" and 'MIDTOAV2'". 1If "MIDTOAV1'" is entered (meaning
that integration to a specified time is desired) but insufficient
time is available to do the integration, then the time is slipped and
IRETURNL is incremented by 1 (to return to calling address +2) for
appropriate disposition by caller. If enter 'MIDTOAV2'", cell is not
incremented.

KEPRTN: See Conic Routines.

K3csecs: Constant, program notation '"3CSECS", scale factor B28, units

centi-seconds, usled as exit tolerance from '"CKMID2". Value is 3 x

2 8, corresponding to 0.03 seconds (meaning an exit if time differ-
ence is 0-2 centi-seconds).

K3d4: Constant, program notation "3/4", used in'"TIMESTEP" to check if rec-
tification is required. Value corresponds to 0.75, with scaling same
as that of the vector with which compared. Hence will rectify if

TDELTAV magnitude is 0.75 x 222 meters or more, or if TNUV magnitude )

0.75 x 23 meters/csec.

K5p6secs: Constant, program notation ''5.6SECS'", scale factor B28, units

centi-seconds. Value is 560 x 2_28, corresponding to 5.6 seconds (to
ensure that calling routine can successfully blank DSKY for 5 seconds) .
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K

600sc

K s
ascalei

Kdthn

dt2mx

K

3332°

¢ Constant, program notation "600SECS'", scale factor B28, units
centi-seconds. Value is 60000 x 2_28, corresponding to 600 seconds.
Set of single precision constants used to control performance of
"GAMCOMP'" as selected by the value of index. Program notation for

i = 0 is "ASCALE". Value for i = 0 gives the difference between
ALPHAM and BETAM scalings, for use in determining the proper scaling
of RHO:

i Value ALPHAM scale BETAM scale

0 -7 22 29 (earth, primary)

Value for i = 1 is used to determine (with RHO scaling information
above) the proper scaling of FV information: B-16. The value is
(16 = 2 x BETAM scaling + mu scaling): the "2" factor is required

because BETAM2 is in computations.

i Value 2 x BETAM scale Mu scale

1 -6 58 36 (earth, primary)

: Constant, program notation '"DT/2MIN", scale factor B20, units

centi-seconds. Value is 3 x 2—20, corresponding to 0.03 seconds
(hence "TESTLOOP" exits, since original input B28 centi-seconds, if
time difference is 0-2 centi-seconds). Could also be considered a
minimum for DTd2, in which case value would correspond (scale factor
B19) to 0.015 seconds.

Constant, program notation "DT/2MAX", scale factor B20, units

centi-seconds. Value is 4000E2 x 2_20, corresponding to 4000 seconds.
Could also be considered a maximum of DTd2, in which case value would
correspond (scale factor B19) to 2000 seconds.

: Constant, program notation "J2REQSQ", scale factor B72. Value is

1.75501139E21 x 2~'2, corresponding to 3.986032E10 x (6.378165E6)° k

(1082.3E-6) x 2—72, where first term is earth p (in meters3/cs2),
second is square of earth's radius (gravitational, in meters), and
third is second harmonic of earth's potential function (note that 1.5
times it = 1.62345E-3), while 4th is scale factor.

Constant, program notation "2J3RE/J2", scale factor B27. ,Value is

-0.1355426363E5 x 2_27, corresponding to -0.23E-5 x 6.378165E6 /

~ 1082.3E-6 x 2_27, where first term is third harmonic of earth's poten-

tial function, second is earth radius in meters, and 3rd is second
harmonic, while fourth is scaling.
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Kj4j3: Constant, program notation "J4REQ/J3", scale factor B26. Value is
0.4991607391E7 x 2_26, corresponding to ~-1.8E-6 x 6.378165E6 / -0.23E-5

-26 . ; :
x 2 , where first term is fourth harmonic of earth's potential func-
tion, second is earth radius in meters, 3rd is third harmonic, and
fourth is scaling.

Kmutabo See Conic Routines.

Kp3d: Constant, program notation ".3D", scale factor B2, value 0.3 x 2_2.
Krecrat: Constant, program notation "RECRATIO", scale factor BO, value 0.01.
Ktimedt: Constant, program notation "TIMEDELT", scale factor B28, units

centi-seconds. Value is 1250 x 2—28, corresponding to 12.5 seconds.

LILQ: Value for argument of FOFQ, scale factor B2, stored in push-down
list location 8D.

LOCCTR: See Display Interface Routines.

MUpPp: Value of u for the earth left in push-down list location 26D by
"RECTOUT", scale factor B36. Program notation "MU(P)".

NOy . NUV, : "Permanent" values of TNUV for CSM and OWS respectively,

same scaling as TNUV.

.0, P3', P4', PS': Legendre polynomial derivatives computed in "OBLATE",
scale factors B6, B5, B7, and B1l0 respectively, stored in push-down
list locations OD, 2D, 4D, and 6D (partially) respectively.

PHIV: Storage for information used in Nystrom numerical integration,
scaled (for state vector updates) B-13.

PSIV: Storage for information used in Nystrom numerical integration,
scaled (for state vector updates) B-13.

QARG: Intermediate quantity used in "KEPPREP", computed in quasi-floating
point fashion, with scaling (for numerator and denominator already
normalized) BO. It corresponds to s divided by the square root of

- mu, and is stored in push-down llst location 4D. Hence A5 QARG has
scale factor B7.

QPRET: Single precision cell assigned to each job in the interpretive lan-
guage, which may be used to retain return address information. Cell
is preloaded with proper exit address from orbital integration system
of routines before transfer to '"INIWAKE'"; before using the orbital
integration package, subroutine "INTSTALL" is performed which returns
immediately to the calling routine if the orbital integration package
is not already in use by another user (at a lower job priority), and
otherwise retains in QPRET the return address to the routine calling
"INTSTALL".
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R .: See General Program Control.
—nl

R ¢ Position vector of "other'" vehicle (i.e., OWS) transmitted on
—other
downlink, scale factor B29, units meters.

Brect: Value of position vector within orbital integration (when last
rectification or equivalent function was performed), scale factor
B29, units meters.

R s R ¢ "Permanent" values of R
—rectcm’ —rectlm —r

same scale factor and units as BT

i for CSM and OWS respectively,

ect’

RCV: Value of conic position vector within orbital integration routine,
scale factor B29, units meters. Also used as communication cell with
orbital integration package (when entered via "INTEGRVS") to specify
the position component of the state vector to be integrated.

Rcycm’ Rczlm: "Permanent" value of RCV for CSM and OWS respectively, same

scale factor and units as RCV.

RHO: Ratio of magnitudes of ALPHAV and BETAV (before becoming unit vectors)
computed in ''GAMCOMP'", scale factor Bl, stored in push-down list
location 4D.

T : Time (as of start of integration cycle) since last rectification,
scale factor B28, units centi-seconds. Set O in "RECTIFY'", and
incremented in Kepler computations (see Conic Routines).

T , T : "Permanent" value of T for CSM and OWS respectively, same
ccm clm e

units and scaling.

T : Value of '"decision time", i.e., final value of time to which state
dec : . .
vector must be integrated, scale factor B28, units centi-seconds.

Tet: Value of the time associated with the orbital integration routine
state vector, scale factor B28, units centi-seconds. It is incre-
mented in ''NBRANCH".

T , T : "Permanent'" value of T ., for CSM and OWS state vectors res-

etem’ “etlm et
pectively, same units and scaling. T is called "TETLEM",

etlm
"TETOTHER", and '"T-OTHER" in program.

Tpptml: See IMU Computations.

TAUORB: Time within integration cycle since last rectification (or total
conic integration time required), scale factor B28, units centi-
seconds. Program notation is "TAU.".
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TBASE2: Single precision cell used generally for retention of time base
information for restart group 2 (see 3420.5-27), for waitlist
restarts. Used in "INTWAKE" to permit retention of QPRET value for
restart purposes (since QPRET of job involved would be lost if a
restart generated, because it generally is in VAC area as described
in 3420.5-27).

TDELTAV: Vector position deviation (from conic) within orbital integration
package, scale factor B22, units meters.

TNUV: Vector velocity deviation (from conic) within orbital integration
package, scale factor B3, units meters/centi-second.

TTOADD: Value of time increment used in "CKMID2" if MIDIFLAG = 0, program
notation "T-TO-ADD", scale factor B28, units centi-seconds. Normal
value is the same as K but it is incremented by that constant

timedt?®
if the "CKMID2" check using K fails.
S5pbsecs
V . : See General Program Control.
—nl
\Y ¢ Velocity vector of "other'" vehicle (i.e., OWS) transmitted on
¥
—other

downlink, scale factor B7, units meters/centi-second.

v : Value of velocity vector within orbital integration (when last
et AP ’ ; ;
rectification or equivalent function was performed), scale factor B7,
units meters/centi-second.

"Permanent' value of YT for CSM and OWS respectively,

y-rectcm’ yrectlm' ect

same units and scaling.

VCV: Value of conic velocity vector within orbital integration routine,
scale factor B7, units meters/centi-second. Also used as communica-
tion cell with orbital integration package (when entered via
"INTEGRVS") to specify the velocity component of the state vector to
be integrated.

chcm’ VCylm: "Permanent" value of VCV for CSM and OWS respectively, same

scéle factor and units as VCV.

VECTAgi: Temporary storage for values of position vector of vehicle,

loaded in "ACCOMP" and used in '"DOW..'" for orbital integration updat-
ing of W matrix.

Ei: See Measurement Incorporation.

XKEP: Value of quantity used in previous cycle through Kepler's equation
(program notation also "XPREV'"), scale factor Bl7. Set 0 e.g. in

"RECTIFY". Units are vV meters .
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XKEPcm, XKEP "Permanent'" value of XKEP for CSM and OWS respectively,

Im’
same scaling.

XKEPNEW: 'New' value of XKEP computed in "KEPPREP'", scale factor B1l7.

YV: Communication cell with integration routines, set to TDELTAV in
"INTGRATE" and also used for W matrix updating.

ZV: Communication cell with integration routines, set to TNUV in "INTGRATE"
and also used for W matrix updating.
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Orbital and Rendezvous Navigation

PROG20

Perform "ROZBOTH"

DBPTC = ADB
Set bit 12(R27FLAG) of FLGWRD1l = O
Set bit 8(CSMUPDAT) of FLAGWRD1 = 1
Set bit 15(V50N18FL) of FLAGWRD3 = 1 (already 1 from '"ISITPOO")

Set bit 5(TRACKFLG) of FLAGWRD1 = 1

OPTION2 = O Option O: OWS/"VECPOINT'
1: Celes.Body/"VECPOINT"
If bit 7(AUTOSEQ) of FLGWRD1O = O: 2: Rotation
L: OWS/3 axis
TS = 00024 5: Celes.Body/3 axis

Proceed to "GOPERFA': if terminate, proceed to '"GOTOPOOH"
if proceed, proceed
otherwise, proceed to previous line
If (bits 2-1 of OPTION2) # 00,,: (e.g. options 1, 2, or 5)

Proceed to "DOVéEN78"

s o i o " 1"
UTPIT K35degang (constant is -35°) (Tag here "PRELOD78")
UTYAW = O
AZIMANGL = O

If bit 7(AUTOSEQ) of FIGWRD1O = 1:
Proceed to "P200PT"
Proceed to ''DOV6N78"
DOVEN78
TS = 0678
n
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH'")

if proceed, proceed
otherwise, proceed to previous line
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TS = 0679
Perform "VNFLASHR": (if terminate, proceed to "GOTOPOOH'")
if proceed, skip next 3 lines
otherwise, proceed to previous line
If bit 2 of OPTION2 = 0: (e.g. options O, 1, 4, or 5)
TS = 101, and perform "BLANKET" (R3BINK and R1BLNK)
End of job
If bit 3 of OPTION2 = 1: (e.g. option 4 or 5) (Tag here "ENDVEN79")
Set bit 8(AZIMFLAG) of FLGWRD1l = 1
Proceed to second line of "P200PT"
Proceed to '""P200OPT"
P200PT
Set bit 8(AZIMFLAG) of FLGWRD1l = O
If (bits 2-1 of OPTIONR) = 00,: (e.g. option O or 4)
Set bit 9(UTFLAG) of FLAGWRD8 = O
Set bit 7(UPDATFLG) of FLAGWRDL = 1
Proceed to "NDUTINPT"
OPTNTYPE = (bits 2-1 of OPTION2) - 1 (Tag here "UTKINPUT")
Set bit 9(UTFLAG) of FLAGWRDS = 1
Set bit 7(RNDVZFIG) of FLAGWRDO = O
If OPTNTYPE > O: (e.g. option 2)
T 063hvn (Tag here "TYPE2IN")
Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH")

if proceed, proceed
otherwise, proceed to previous line

R67TIME = DSPTEM1
Proceed to "NDUTINPT"

Proceed to 'VIN70DSP" (e.g. option 1 or 5)
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VIN70DSP
TS = 01'70vn

Proceed to "VNFLASH": (if terminate, proceed to '"GOTOPOOH")
if proceed, proceed
otherwise, proceed to previous line

If STARCODE < O: (contrary to e.g. "B51DSP", -0, i.e. 77777g,

is not rejected here)
Set bit 7(Operator Error) of channel 11 =1

Proceed to "VIN70DSP"

If STARCODE > h78:

Set bit 7(Operator Error) of channel 11 = 1
Proceed to '"VIN70DSP"
UTSTARNO = (bits 6-1 of STARCODE) (note get 77,, not defined, for

an original~input of -0)
If UTSTARNO > O: (includes original -O STARCODE input: will
be treated as "earth'" in "UTAREA1")
Proceed to "NDUTINPT"
TS = 0688
n
Proceed to "UNFLASH": (if terminate, proceed to "GOTOPOOH")

if proceed, proceed
otherwise, proceed to previous line

PLANVCUT = STARSAV3
Proceed to "NDUTINPT"
NDUTINPT
Set restart group 2 to cause a start at next line (priority 268 to PHSPRDT2)
If bit 9(UTFLAG) of FLAGWRDS = 1:
Establish "STATINT1'"(priority 058) (Tag here "INTSETUP'")

Set restart group 2 to phase 5(i.e. 2.5, causing "STATINT1" to
be established with priority 054 if a restart)

Set restart group 1 to phase 11(i.e. 1.11, causing "PIKUP20" to
be established with priority 10, if a restart)

Proceed to "PIKUP20"
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MARKTIME = T (communication cell with "SETINTG")
Perform "SETINTG"
If bit 8(CSMUPDAT) of FLAGWRD1 = 1:

Set bit 3(CSMINTSW) of FLAGWRD3 = O
Perform "INTEGRV"
Set restart group 2 to start at next line
Perform "SETINTG"
If bit 1(RENDWFLG) of FLAGWRD5 = 1:

Set bit 1L(WMATINT) of FLAGWRD3 = 1
If bit 8(CSMUPDAT) of FLAGWRD1 = O:

Set bit 3(CSMINTSW) of FLAGWRD3 = O
Perform "INTHGRV'"
Set bit 7(RNDVZFLG) of FLAGWRDO = 1
Establish "R22" (priority 268)

Set restart group 2 to phase 7 (i.e. 2.7, causing "R22" to be
established with priority 10, if a restart)

Set restart group 1 to phase 11 (i.e. 1.11, causing "PIKUP20'" to
be established with priority 104 if a restart)

Perform "AUTOCHK" (returns immediately if bit 7(AUTOSEQ) of FLGWRD1O
is zero)

Proceed to "PIKUP20"
PIKUP20 (Entered from "NDUTINPT" and due to restart group 1.11)
Change priority of present job to lh8
If bit 5(TRACKFIG) of FLAGWRD1 = O:
Proceed to "FIXDB"
If bit 13(REFSMFIG) of FLAGWRD3 = O:
Proceed to "FIXDB"

R61CNTR = O
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If bit 9(UTFLAG) of FLAGWRDS = 1:
Proceed to '"CALIR&X"

Call "CTASK" in 0.0l second

Set bit 14(R21MARK) of FLAGWRD2 = 1
Perform '"R61CSM"
If bit 15(PCMANFIG) of FLGWRD1O = 1:

Proceed to third line of "AUTOCHK"
Proceed to "P20TRACK"

P20TRACK
Set bit 10(IMIRG) of FLAGWRD1 = 1
Perform '"R52"
Perform "MKRELEAS"
Proceed to "FIXDB"
PROG21
OPTIONZ2 = 1
Set bit 5(TRACKFIG) of FLAGWRD1 = 1
TS = 000028
Proceed to "GOPERFA'": if terminate, proceed to "GOTOPOOH"
if proceed, proceed
otherwise, proceed to previous line
DSPTEM1 = O
Proceed to "P21PROGL"
P21PROG1
TS = 063hvn
Proceed to "UNFLASH'": (if terminate, proceed to "GOTOPOOH!)
if proceed, proceed
otherwise, proceed to previous line
TS = DSPTEML
If TS = 0O:
TS =T
now
Proceed to '"PR1PROG2'
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P21PROG2
Tdecl =15
Perform "INTSTALL"
If bit 12(P21FLAG) of FLAGWRD2 = O: (set O e.g. in "INITSUB")
Set bit 3(CSMINTSW) of FLAGWRD3 = 1
If JOPTIONZ2|), 2:
Set bit 3(CSMINTSW) of FLAGWRD3 = O
Set bits 4(CONICINT) and 1(WMATINT) of FLAGWRD3 = O
Perform "INTEGRV"
If bit 12(P21FLAG) of FLAGWRD2 = 1:
RCY = P21BASER (tag here "P21CONT")
VCV = P21BASEV
T , = P2ITIME

et
Set bit 1(WMATINT) of FLAGWRD3 = O (Note that bit L not set.)

Perform "INTEGRVS"

P2ITIME = T_, . (Tag here "P21VSAVE'")

P2IBASER = R, .1

PRIBASEV = V_,,

If bit 10(NEWTFLAG) of FLAGWRD5 = 1: (i.e. from P29)

Set bit 10(NEWTFLAG) of FLAGWRD5 = O
Proceed to '"HOP29DSP"

If bit 1(P29FLAG) of FLAGWRDO = 1:
Proceed to "LONGPASS"

P21VEL = ]leBASE\_r] (X2 used to shift, but O from "INTEXIT")
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=1 . .
P21GAM = sin ((umt@att _\_ratt) / P21VEL)
Set bit 12(P21FLAG) of FLAGWRD2 = 1

ALPHAV = Eatt

Set bit 13 (ERADCOMP) of FLAGWRD1 = O

TS = Tapt

Perform '"LAT-LONG"

PRIALT = Kprl ALT

TS = Oéthn

Proceed to "GOFLASH": if terminate, proceed to '"GOTOPOOH"
if proceed, proceed to '"GOTOPOOH"
otherwise, proceed

DSPTEMldp = PRITIME + Kéoosec

Proceed to "P21PROG1"

P25CSM

Set bit 4(P25FLAG) of FLGWRD1l = 1

Set bit 7(RNDVZFLG) of FLAGWRDO = O

TS = 0672Vn

Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH")
if proceed, proceed
otherwise, proceed to previous line

Perform 'N72STUFF"

Call "READCYCL" in 0.0l second

Call "CTASK" in 0.01 second

Delay 2 seconds (by putting job to sleep via "DELAYJOB")

Proceed to "BOTHSHOW"
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72SHOWX
TS = Oé?2vn
Proceed to "VNFLASH'": (if terminate, proceed to "GOTOPOOH")
if proceed, proceed
otherwise, proceed to previous line
Perform "N72STUFF"
Proceed to "BOTHSHOW'
BOTHSHOW Entered from "P25CSM" and "72SHOWX'
If bit 10(NOUNFLG) of FIGWRD1l = O:
TS = 1676
vn
Proceed to "GOFLASH": if terminate, proceed to '"GOTOPOOH"
if proceed, proceed
otherwise, proceed to "72SHOWX"
Set bit 10(NOUNFLG) of FIGWRD1l = 1 (tag here '"77SHOW")
T8 = 1677vn
Proceed to "GOFLASH": if terminate, proceed to "GOTOPOOH"
if proceed, proceed
otherwise, proceed to '"72SHOWX"
Proceed to '"GOTOPOOH"
READCYCL Called by "P25CSM" and "R27JOB"

Establish "R27JOB" (priority 208)

End of task
R27J0OB Established by "READCYCL!

Perform "R27GO"
Call "READCYCL" in 2 secords

End of job

ORVN-8



TIMETASK Called by "CTASK"
TFO = FIXTIME - BUFTIME (written over below while still in task)
If TFO # O: (e.g. manual N72 input to change FIXTIME)
Perform '"N72STUFF"
Proceed to "CTASK"
CTASK Called by "PIKUP20'", "P25CSM", "PL7CSM" (P48), and "RELINUS"
Call "TIMETASK" in 1 second
TFO = T - FIXTIME
Ir |TFO] > 0.64 second:
End of task
If bit 5(TRACKFLG) of FLAGWRD1 = O:
End of task
CDUSNAP = CDU

CDUSNAPT = CDUT

Il

CDUSNAPS

Il

CDUS

Establish "PHIJOB" (priority 278)

End of task
N72STUFF Entered from "P25CSM'", ”Ph8CSM”,”TIMETASK", and "'72SHOWX"

Inhibit interrupts
Set bits 10(NOUNFLG) and 3(TDFLAG) of FLGWRD1l = O
PHETA = demOl
If FIXTIME = O:
sp .

Set bit 10(NOUNFIG) of FLGWRD1l = 1
Set bit 9(N77FLAG) of FLGWRD1l = O
Release interrupts

BUFTIME = FIXTIME

Return
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PHIJOB Established by "CTASK"
Delay 0.5 second (by putting job to sleep via "DELAYJOB")
Perform '"PHICOMP"

Set bit 6(SNAPFLAG) of FIGWRD1l = O

End of job
PHICOMP Entered from "PHIJOB" and "THISJAZZ"
T82+3 = CDUSNAPS
TSZ+5 = CDUSNAPT
C— R | 1"
X1 TS2

Perform "SXTNB"
VECLOS = TS
If bit 7(FIXFLAG) of FIGWRD1l = 1:
If (Tnow - FIXTIME)Q; 0:
Set bit 3(TDFLAG) of FLGWRD1l = 1 (Tag here "TDSNAP")
Tiecl ~ FIXTIME
Perform "CSMPREC"
Proceed to "PREANGLE"
- 1" 1
Tdecl Tnow (Tag here "NOWCOMP')

Perform '""CSMCONIC"

Proceed to "PREANGLE"

PREANGLE
TS; = By (in 18D) (un1tT§l loaded into OD)
TSy = ¥ 44 (in 24D)

CDUSPOT = (CDUSNAPy, CDUSNAP _, CDUSNAPX)

Perform "QUICTRIG"
TS = VECLOS
Perform "ANGLER'"

Return
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ANGLER Entep with 19, r, 18D; TS, v, 24D; wnitls), OD, from "PREANGLE"

Perform "TRGNBSM" starting at 2nd line (ef. "COMPDISP"
equations)

TS = TS [ﬁEFSMMAﬁ] (in 6D)

18, = unit (T§ - (I8 - unitTgl) unitT§l) (in 12D)

Tsh = (un1t(T§l * T§2) * T§ﬂ;) . T§B

PHETA = cos =+ ( (18, * T8) sgn qu)

Ir (T8, * T5) « O: (note V16 monitor could observe
1 8 the uncorrected value)
PHETA = (1 - 2°°°) - PHETA

Return
P29
Set bit 1(P29FLAG) of FLAGWRDO = 1
Proceed to "PROG21" ("P21PROGR" exits to "LONGPASS' since P29FLAG
is set)
LONGPASS
TS = Oéthn
Perform "VNFLASHR'": (if terminate, proceed to "GOTOPOOH")
if proceed, skip next 2 lines
otherwise, proceed to previous line
TS = 1012 and perform "BLANKET" (R3BINK, R1BINK)
End of job
LONGFOR = LONG (LONG contents destroyed)
Proceed to '""HOP29DSP"
HOP29DSP
T§l = unitZ
TS, = P2ITIME (tag also P29BASET)

PASSTIME = T82
Set bit 1(P29FLAG) of FLAGWRDO = 1

DELTLONG = O
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Perform "RP-TO-R" (leaves TS with Z polar vector)
MUSUBE = unit (TS % P21BASER) (P21BASER tag also P29BASER)

MUSUBC = unit (TS % MUSUBE)

T8, = wnit(P21BASER * P21BASEY) (P21BASEV tag also PR9BASEV)

MUSUBS

Il

unit(T§l % P21BASER )

MUSUBN

Il

TS, sgn(T_S_l ) (TS from "RP-TO-R")
TS = P21BASER
Proceed to "HOPALONG"
HOPALONG
ALPHAV = TS
TS = PASSTIME
Set bit 13(ERADCOMP) of FLAGWRDL = O
Perform "LAT-LONG"
ILNGERR = (LONGFOR - LONG), modulo 1 revolution
TS, = | INGERR| - K, veilong
If TS, O:
Proceed to "PASSOUT"
TSZ - TSl ¥ Ktwiceeps
If TS, ) 1: (the 1 is revolutions)
Proceed to "PASSOUT"
If bit 1(P29FLAG) of FLAGWRDO = O: (i.e. not first iteration)
If (15, - 2 > DO (Tag here "MODULO")

= a 4 - 1 ;
LNGERR (15 2 Kepsilong %) sgn LNGERR

(same as
INGERR - 1 sgn INGERR)

If bit 1(P29FLAG) of FLAGWRDO = 1: (first iteration)
Set bit 1(P29FIAG) of FLAGWRDO = O
If INGERR < O:
INGERR = INGERR + (1 - 2729

F =
B Kfearth
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Reset overflow indicator (Tag here "THETCOMP')
TS = FUDGE INGERR + DELTLONG
If overflow has taken place: (i.e. ‘TSI;; 1 rev)

TS = PRITIME + K (Tag here '"ADDTEN'")

600sec
Set bit 10(NEWTFLAG) of FLAGWRD5 = 1
Proceed to '"P21PROG2'" (exits to "HOP29DSP")

DELTLONG = TS

]

MUSUBD
ORBDLT =(cos_l (unitP21BASER - MUSUBQ» sgn (MUSUBD °+ MUSUBS)
SNTH = sin ORBDLT

CSTH = cos ORBDLT

RVEC = P21BASER

VVEC = P21BASEV
Set bit 9(RVSW) of FLAGWRD7 = O (new R, V desired)

Il

Perform "TIMETHET"

PASSTIME = T + P21TIME
T8 = 18, (value from "TIMETHET")
Proceed to "HOPALONG"
PASSOUT
DSPTEM1 = PASSTIME
TS = 0634vn
~ Proceed to "GOFLASH": if terminate, proceed to '"GOTOPOOH"

if proceed, proceed
otherwise, proceed to "LONGPASS"

TS = Oéthn
Proceed to '"GOFLASH'": if terminate, proceed to '"GOTOPOOH"
if proceed, proceed

otherwise, proceed to "P29"

Proceed to "GOTOPOOH"
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Quantities in Computations

See also list of major variables and list of routines

ADB: See Digital Autopilot Interface Routines.
ATLPHAV: See Coordinate Transformations.
ALT: See Coordinate Transformations.

AZIMANGL: Value of '"rotation angle' used in options 4 and 5 (3-axis) of
P20, scale factor BO, units revolutions. It is loaded via R3 of N78,
and is also modified in "STARTAUT" when a minimum key rendezvous
sequence is started. Cell has no effect unless bit 8(AZIMFLAG) of
FIGWRD11 = 1; a "heads up'" value is 0° and a "heads down' 180°.

BUFTIME: Value of FIXTIME sampled in "N72STUFF", scale factor B28, units
centi-seconds, used in "TIMETASK" to determine if a change in FIXTIME

made since previous cycle.
CDUS: See Optics Computations.

CDUSNAP: Value of CDU sampled in "CTASK" or "THISJAZZ'" and used in "PREANGLE'",
same scaling and units as CDU (single precision, B-1 revolutions).

CDUSNAPS: Value of CDUS sampled as described for CDUSNAP, same scaling as CDUS.
CDUSNAPT: Value of CDUT sampled as described for CDUSNAP, same scaling as CDUT.

CDUSPOT: See Coordinate Transformations.
CDUT: See Optics Computations.

CSTH: See Conic Routines.

DBPTC: Single precision value of deadband used for P20 maneuvers, scale
factor B-1l, units revolutions. It is loaded into ADB in "R61CSM" and
”RéZSTART” (unless a value of zero is indicated, in which case the
0.5 deadband is used). It is initialized to the current ADB at the
start of "PROGR0", and can be loaded via R2 of N79.

DELTLONG: Change in longitude computed in P29 from the time that "HOPALONG"
was initiated, scale factor BO, units revolutions. It is the change
from the vector reflected in e.g. P21BASER.

FIXTIME: Value of R27 optimization time loaded by N72, scale factor B28,
units centi-seconds. A value of zero means no optimization is to be
done. It is incremented in "WUNZMOR'" after completion of an :
optimization pass.
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FUDGE: Factor used to convert INGERR information to DELTLONGf scale factor
Bl. It approximates the ratio of the number of revolutions of the
spacecraft with respect to inertial space to the number with respect to

a fixed longitude in equal time periods.

K : Constant, program notation "35DEGANG", scale factor BO, unigs
D5degang revolutions. Value is -0.097222222222, corresponding to -35~.
Used in "PROG20" to initialize UTPIT for rendezvous options.

K600 : Constant, program notation ”6OOSEC”é scale factor B28, units
S€C° Lonti-seconds. Value is 60000 x 2728, corresponding to 600 seconds

or 10 minutes.

demOl: See Burn Control.

Kepsilong: Constant, program notation "EPSILONG", scale factor BO, units
revolutions. Value is 0.2777778E-L, corresponding to 0.01°
(the P29 convergence criterion).

Kfearth: Constant, program notation "FEARTH", scale factor Bl, used to
load FUDGE in P29. Value is 1.06666667 x 27+, where first

term is nominal value (i.e. 16/15) and second is scale factor.

Corresponds roughly to proper FUDGE value for an earth-orbiting

spacecraft with a period of 90 minutes (16 revs per 24 hours).

Kk o1’ Constant, program notation "K.Ol'", scale factor BO, wvalue 0.0l.
PYL Used to convert output from "LAT-LONG'" from units of meters to
units of meters/100, so that DSKY display scale, usually XXXX.X nmi,
will be XXXXXb. nmi instead for P21ALT.

twiceeps: Constant, program notation "TWICEEPS", scale factor BO, units
Y2 revolutions. Value is 0.5555556E-4, corresponding to 0.020,

or twice the value of K . ‘
epsilong

INGERR: Value of longitude error in P29, scale factor BO, units revolutions.
Stored in push-down list location OD.

IONG: See Coordinate Transformations.

LONGFOR: Value of desired longitude (entered into R2 of N43) in P29, scale
factor BO, units revolutions.

MARKTIME: See Measurement Incorporation.

MUSUBC: Unit vector, scale factor Bl, perpendicular to polar vector and
MUSUBE, used in P29. :

MUSUBD: Unit vector, scale factor Bl, used in P29 iteration to compute ORBDLT.
Stored in push-down list locations OD and 6D.
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MUSUBE: Unit vector, scale factor Bl, in easterly direction, used in P29,

MUSUBN: Unit vector, scale factor Bl, in plane defined by angular momentum
(and same hemisphere as north polar axis), used in P29.

MUSUBS: Unit vector, scale factor Bl, in direction of tangential velocity for
P29 computations.

OPTION2: See Display Interface Routines.

OPINTYPE: Single precision cell, scale factor Bl,, used to retain information
on the P20 option selected: it is set equal to (bits 2-1 of OPTIONZ) - 1,
hence zero for selection of option 1/5(celestial body) and 1 for selection
of option #2 (rotation). Not loaded for option o/l ?fendezvous).

ORBDLT: Required angle change (converted via "TIMETHET" to a time and a new
position vector) in the P29 loop, scale factor BO, units revolutions.
Stored in push-down list location OD.

P21ALT: Value of Kprl ALT computed in "P21PROG2" for (optional) display
in R1 of N73, scale factor B29, units (meters/lOO): see Kprl'

P21BASER: Value of P21/P29 'base" vector for position (notation also
P29BASER), scale factor B29, units meters. In P21, loaded after
completion of integration to specified input time, and used to
initialize the integration if bit 12(P21FLAG) of FLAGWRD2 = 1, thus
permitting computation time to be saved if it is desired to iterate
about a point which is a number of orbital integration time steps
removed from the "permanent' CSM or OWS state vector.

P21BASEV: Value of P21/P29 'base" vector for velocity (notation also
P29BASEV), scale factor B7, units meters/centi-second. See P21BASER.

P21GAM: Value of flight path angle computed in '"P21PROGR" for (optional)
display in R3 of N73 in P21, scale factor BO, units revolutions.

P21TIME: Cell used to retain time information (notation also P29BASET),
scale factor B28, units centi-seconds. Used to contain the time tag
of P21BASER and P21BASEV, and to permit the incrementing of the time
associated with the N34 display.

P21VEL: Value of velocity computed in "P21PROGR" for (optional) display
in R2 of N73 in P21, scale factor B7, units meters/centi-second.

PASSTIME: Time associated with current iteration in P29 loop, scale factor
B28, units centi-seconds. When convergence criterion is satisfied,
information in this cell is loaded in DSPTEM1 for N34 display.

PHETA: Value of angle computed in "ANGLER" (initialized to -0.01° in
"N72STUFF"), scale factor BO, units revolutions, displayed in R3 of
N77. It is analogous to R3 of N54 (R31) in PA48, and to R3 of N53
(R34) in R22; in P25, it remains at -0.01°. Also set to -0.01°
11 "SNAPPY! .
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PLANVCUT: Value of STARSAV3 (N88) information sampled in 'VIN70DSP" for
use in options 1 or 5 of P20 (display generated if N70 = +0). Can
be with arbitrary (but consistent) scaling.

R61CNTR: Single precision cell, scale factor Bl,, used for control of
"R61CSM", and as a flag (if negative) that this routine has called
R60 (requiring DSKY priority displays for the performance of the
maneuver). Positive values cause the cell to be decremented and
performance of the remainder of the routine to be bypassed; the setting
to 3 causes the routine to be performed every fourth time it is
entered, assuming that R61CNTR is not set O by the calling routine.

R67TIME: Value of the time at which maneuver is to be started for option
2 of P20, loaded in "P20OPT" from N34 information, scale factor B28,
units centi-secormds. Used in "CALIR6X" to determine when "R67"
should be called, for OPINTYPE» O (i.e. option 2).

RCV: See Orbital Integration.
RVEC: See Conic Routines.

SNTH: See Conic Routines.
STARCODE: See Inflight Alignment.
STARSAV3: See Inflight Alignment.
T: See Conic Routines.

T ,: See Orbital Integration.

et

TFO: Time from optimization, scale factor B28, units centi-seconds, displayed
in R3 of N76. It is updated in "CTASK" (and used in "TIMETASK" for
temporary storage purposes).

UTPIT: Value of "pitch angle' used in P20, scale facgor BO, units revolutions.
It is loaded via R2 of N78, with a value of -35  the normal rendezvous
initialization (preferred tracking axis) value.

UTSTARNO: Value of bits 6-1 of STARCODE sampled in "VIN70DSP", scale factor
Bl4, for use in options 1 or 5 of P20. It is single precision.

UTYAW: Value of "yaw angle' used in P20, scale factor BO, units revolutions.
It is loaded via Rl of N78, with a value of zero the normal rendezvous
initialization: zeros for UTPIT and UTYAW correspond to +X axis tracking.

VCV: See Orbital Integration.

VECLOS: Temporary storage for sighting information in '"PHICOMP", scale
factor Bl, used to compute required angle information (optics line of

sight information).

VVEC: See Conic Routines.
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Prelaunch Alignment

GTSCPSS  Entered via V37 E O1 E
If bit 12(NODOPO1l) of FLAGWRD1 = 1:
Proceed to "POODOO" (pattern 215218)
Change priority of present job to 2O8 (was established at 138)

GEOCOMPL = 1 (Logic checking this cell not shown)

1dPTPADT = Kldppgt

LENGTHOT = Kbt8

1SECXT1 = KleScx

PREMTRXC = 1

PERFDLAde =T (centi-second)

NEWAZMTH = LAUNCHAZ

OLDAZMTH = LAUNCHAZ
Perform '"POSN17C"

Perform "IMUZERO" (Tag here is "GEOIMUTT")

Perform '"IMUSTALL": if error return, proceed to "SOMERR2"
otherwise, proceed

NDXCTR = O

zdc = (1, 0, 0)

:(O, sin C ,COSC )

Idc azmth azmth

= (0, - cos Cazmth’ sin C

Ly azmth)

Perform '""CALCGA" (comes here if MODREG # 3, since should
still be 1 at this point)

Perform "IMUCOARS"

If bit 14(GLOKFAIL) of FLAGWRD3 = 1:
NDXCTR = NDXCTR + 1

Set bit 14(GLOKFAIL) of FLAGWRD3 = O

Perform "IMUSTALL": if error retum, proceed to ”SOMERRZ”
otherwise, proceed

If NDXCTR > O:

Proceed to "PIPACHK" (a check of PIPA's)

PREL-1



Perform "IMUFINE"

Perform "IMUSTALL": if error return, proceed to 'SOMERR2"
otherwise, proceed

Call "GOESTIMS" in PERFDLAYdp centi-seconds (set to 1 above)
Put present job to sleep (starting address id = "ESTIMS")
GOESTIMS
Awaken job with starting address id = "ESTIMS"
End of task
SOMERR2
Perform "ALARM" (pattern 16018)
Set bit 8(IMUSE) of FLAGWRDO = O (tag here is "ENDTEST1")
TS = -0 and perform 'NEWMODEX'" (blanks program register)
Perform "MKRELEAS"

Proceed to "ENDEXT"

POSN17C
ﬁsm = (0, - cos NEWAZMTH, sin NEWAZMTH )
lsm = (0, sin NEWAZMTH, cos NEWAZMTH)
Zsm = (—l’ O: O)
Return

ESTIMS Entered from awakened job via "GOESTIMS', or from end of
TALFLT" for azimuth change
Inhibit interrupts
GISWTLT1 = TIME1l
PIPA = O
Release interrupts
INTVEC1_ = O
y
INTVEClZ =0

FILDELVly =0
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FILDELVL, = O
THETAN = O
GCOMPSW = O
GCOMP = O

DELY = O

ERVECTOR = Komegms(Sln Coig> — €08 C 0)

atd’
T

mark Tnow
ERCOMP = O
ERECTIME = LENGTHOT
TS = 02 and perform "NEWMODEX'
Perform "PIPUSE"
LENGTHOT = 9
Proceed to "SLEEPIE'

SLEEPTE
Perform ''CHKCOMED"
Perform ''SETGWLST"
End of job

CHKCOMED

Inhibit interrupts
If MODREG = 7:
Return
If bit 5(Liftoff complement) of channel 30 = 1:
If bit 5(BKUPLO) of FLAGWRD5 = O: (set 1 by "LFTFLGON"
for a V75E)
Release interrupts
Return
Set priority of present job to 228 (was established at that anyhow)

Proceed to "P11"
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SETGWLST
Inhibit interrupts
TS = GTSWTLT1 - TIME1l
If TS > O:
TS = TS - 163.83 seconds (should be 163.84)
TS = TS + 1SECXT1
If TSL O:
TS = 0.04 seconds
Call "ALLOOP'" in TS seconds
Return (interrupts released e.g. by End of job)
ALLOOP

GTSWTLT1 = TIMEL

Set restart group 5 to cause restart at next line
Set DEL\_Isp = PIPA and PIPA = 40 (no special restart provisions)
Set restart group 5 to cause restart at next line

Establish "ALFLT" (priority 228)

End of task
ALFLT

Perform "CHKCOMED"
Perform "1/PIPA"
TS = DELY [k ']

= sm
DPIPAY = - TS

y

DPIPAZ = TS

2

FILDELV1_ = FILDELV1_ + K (DPIPAY - FILVELV1 ) (Tag here

apel is "ATWAYSG")

INTVEC1_ = INTVEC1l_ + FILDELVL
y y y
FILDELVlZ = FILDELVlZ + ngocl (DPIPAZ - FILDELVlZ)

INTVEClZ = INTVEClz + FILDELVlZ
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If ERECTIME # O:

THETAN_ = THETAN_ - (FILDELV1_ + K INTVEC1,_)
v y 7 geoc2 Z

ngoc5

THETAN = THETAN - K (FILDELV1_ + K INTVEC1_)
Z Z geoch v geoc?2 ¥y
If ERECTIME = O:
THETAN = THETAN_ + K_. FILDELV1
X S pipgyr ¥
THETAN = THETAN_ - K FIIDELV1I - K INTVECL
v ¥y geoc3 Z geoch Z
THETAN = THETAN - K FILDELV1
7 Z geoc3 y
If LENGTHOT > O:
LENGTHOT = LENGTHOT - 1
Proceed to "SLEEPIE"
Perform "CHKCOMED"
If IGYRO > O: (gyros torquing, e.g. from "1/PIPA"
compensation)
Proceed to "SLEEPIE"
ERCOMP = ERCOMP -+ [?S;J THETAN Note that restart protection
from here onward is priority
Perform "EARTHR*" 2O8 (job established at 228).
THETAN = O
If PREMTRXC > O: (set O by "AZMTHCG1'")

ERECTIME = ERECTIME - 1, limited » O
LENGTHOT = 9

Proceed to "SLEEPIE"

TS = LAUNCHAZ - OLDAZMTH
If TS = O:
PREMTRXC = 1

ERECTIME = ERECTIME - 1, limited 3,0
LENGTHOT = 9

Proceed to "SLEEPIE!
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PREMTRXC = 1

Il

NEWAZMTH = LAUNCHAZ

Il

ERCOMPZ = TS

Perform "POSN17C" (zero elements not reset O)
OLDAZMTH = NEWAZMTH

LENGTHOT = Kbt?

TS = "ERCOMP"

Perform "IMUPULSE"

Perform "IMUSTALL": if error return, proceed to ''SOMERRZ2'
otherwise, proceed

Proceed to "ESTIMS!

BEARTHR*
TS =T
now
TSl =TS = Tmark
< 0.
If TSl O:
TSl = TSl + 228 centi-seconds

ERCOMP = ERCOMP + [xsn:} TS, ERVECTOR

T

mark =1

TS = ""ERCOMP"
Perform '"IMUPULSE"

Perform "IMUSTALL'": if error return, proceed to '"SOMERR2"
otherwise, proceed

Return
AZMTHCGL Established by '"CHAZFOGC'" for V78E, with priority 168

DSPTEM1 = NEWAZMTH, converted to single precision twos complement,
scale factor B-1l, units revolutions.

Perform "CLEANDSP"
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TS = 0629
m
Proceed to "GOFLASH": if terminate, skip next line
if proceed, proceed
otherwise, proceed to previous line

LAUNCHAZ = DSPTEM1, converted to double precision ones complement,
scale factor BO, units revolutions

PREMTRXC = O

Proceed to '"PINBRNCH"

GCOMPVER Established by '"CKOPTVB'" for V65E, with priority 168

TS = 03 and perform '"NEWMODEX"

)_(dc = (l: O, O)
Idc = (0, sin Cazm.th’ i Cazmth)
ch = (0, - cos Cazmth’ —— Cazmth)

Perform "MKRELEAS" (comes here if MODREG = 3, as it should)
Perform the following for i = 1 and then i = 2:
DSPTEM1+2 = i

DSPTEM1+0 = TAZ:.L

DSPTEMI1+1 TELi

TS = OSBOvn

Perform "GODSPRET"

TS = Oéhlvn

Proceed to "GOFLASH": if terminate, proceed to "GCOMP5"

if proceed, proceed
otherwise, proceed to 3rd previous line

TAZi = DSPTEM1+0
TELi = DSPTEM1+1
STARCODE = 1
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TS =0

Perform "TARGDRVE"

STARAD = [XSEJ (sin TELl, - COos TAZl cos TELl, sin TAZ
cos TEL2, sin TAZ

1 cos TELl)

STARBD = Ecsm] (sin TEL,, - cos TAZ cos TEL,)

2 2

X1 = - "MRKBUF1"

CDUSPOL = E, v,

Perform "SXTNB" (here if bit 11 (ATMFLAG) of FLAGWRDO = 0, as
it should)

Perform "TRG*NBSM'"

LOSVEC = TS

STARCODE = 2 (Tag here '"NEXBNKSS'")

TS = 6

Perform "TARGDRVE'"

X1 = - "MRKBUF1"

CDUSPOL = B, 4,

Perform "SXTNB" (here if bit 11 (ATMFLAG) of FLAGWRDO = 0, as
it should)
Perform "TRG*NBSM"

STARBC = TS

I

STARAC = LOSVEC

Perform '"AXISGEN"

Perform 'CALCGTA"

TS = Oé93vn

Proceed to "GOFLASH'": if terminate, proceed to "GCOMP5"
if proceed, proceed
otherwise, proceed to previous line

ERCOMP = ERCOMP + OGC

Proceed to "GCOMP5"
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GCOMP5
TS = 02 and perform '"NEWMODEX"

End of job
TARGDRVE
If TS = O:
STAR = (sin TELl, - cos TAZl cos TELl, sin TAZl cos TELl)
If TS = 6:
STAR = (sin TEL,, - cos TAZ, cos TEL,, sin TAZ, cos TEL2)

Perform "SXTANG"
DESOPTS = SAC

DESOPTT

1l
)
=
Q

Proceed to '"RETARG"
RETARG
OPTIND = +0
Perform '"SXTMARK"
If MARKINDX > O: (no mark obtained)
Proceed to '"RETARG"
Perform "MKRELEAS"

Return (to routine calling "TARGDRVE')
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Quantities in Computations

See also list of major variables and list of routines

1dPTPADT: See IMU Computations.

1SECXT1: Single precision quantity, scale factor Blh, units centi-
seconds, giving required period of computations for "ALLOOP'".
Set to 0.5 seconds for gyro compassing.

Catd: Erasable memory (double precision) constant, program notation
"TATITUDE", scale factor BO, units revolutions. It gives the
"local vertical astronomical latitude" of the pad.

Cazmth: Erasable memory (double precision) constant, program notation

"AZIMUTH", scale factor BO, units revolutions. It gives the
"agzimuth of the vehicle Z-axis east of north."

CDUSPOT: See Coordinate Transformations.
DESOPTS, DESOPTT: See Optics Computations.

DPIPALi (i = Y,Z): Value of accelerometer output modified for use in
gyrocompassing. The y axis of this system is south and the z
axis is east (from [X ;A) Scale factor of DPIPAi is Blh, units
accelerometer counts.®

ERCOMP: Value of gyro compensation to be sent to gyros, scale factor
B21, units pulses (or scale factor BO, units revolutions, since
one pulse is 221 revolution). Program notation also "ERCOMP1".

ERECTIME: Single precision length of time to be spent in erection phase,
scale factor Blh, units of five-second gyro compassing cycles.
It is set to LENGTHOT in "ESTIMS". Program notation also "ERECTIM1'".

ERVECTOR: Earth rotation vector initialized in "ESTIMS", scale factor Bl,
units gyro pulses/centi-second.

FILDELVL 2" Filtered velocity in the y and z directions, scale factor
? Bl,, units accelerometer counts. Here 'y'" is north.

GCOMP, GCOMPSW: See IMU Computations.

GEOCOMP1: Single precision cell set positive non-zero to indicate
that gyro-compassing computations are being performed. The logic
that checks this cell is not shown in this writeup. See
Testing Routines.

GTSWILT1: Single precision cell, scale factor Blh, units centi-seconds,

giving the value of TIMEl when "ALLOOP" last entered, and used to
construct proper waitlist value for the next call in "SETGWLST'".
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INTVECL : Sumed values of FILDELV1 and FILDELVl respectively,
scale factor Bl4, units accelerometer counts.

Kld2 ex’ Single precision constant, program notation '"1/2SECX", scale
- factor Blh, units centi-seconds. Value is 50 x 27
corresponding to 0.5 second.

Kld " Single precision constant, program notation "1/PIPAGT", scale
PPEY fractor B8, units centi-seconds. Value is 062008, corresponding
to 0.5 seconds.

Kbt7: Single precision constant, program notation "BIT7'", scale factor
Bl4, units of five-second gyro compassing cycles. Octal value is
00100,, corresponding to decimal 64, used to load LENGTHOT, and
thencé ERECTIME, for a change in input azimuth: value gives 64 x 5 =
320 seconds for vertical erection.

Kbt8: Single precision constant, program notation '"BIT8'", scale factor
Blh, units of five-second gyro compassing cycles. Octal value is
00200,, corresponding to decimal 128, used to load LENGTHOT, and
thencé ERECTIME, at start of POl (in "GTSCPSS"): value gives 128 x 5
640 seconds for vertical erection at start of PO2.

I

K : Constant, program notation "GEOCONS1", scale factor BO, value
geocl 0.1

K : Constant, program notation "GEOCONS2'", scale factor BO, value
Ee0C2 5,005,

K 3: Constant, program notation "GEOCONS3'", scale factor B7, units
geoc gyro pulses/accelerometer pulse. Value is 0.062, corresponding
to a "true" value of 7.936.

K : Constant, program notation '"GEOCONSA'", scale factor B7, units
geocl s prog
gyro pulses/accelerometer pulse. Value is 0.0003, corresponding
to a "true' value of 0.0384.

K eoc5: Constant, program notation "GEOCONS5'", scale factor B7, units
& gyro pulses/accelerometer pulse. Value is 0.5, corresponding
to a "true" value of 64.

Komegm : Constant, program notation ”OMEG/MS”, scale factor BO, units
gyro pulses/centl—second Value is O. 2&3390&8, correspondlng
approximately to (1/86164.0932) x 1072 x 221, where first term is
earth rotation period in seconds (used to derive constant), second
converts to centi-seconds, and third is number of gyro torquing pulses
in one revolution.

N : Dummy constant used to indicate change in units between acc-
PIPEYT o1 erometer pulses and gyro tora g pulses, scale factor B7.
Value is 1.00, corresponding to 2 or 128,
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LAUNCHAZ: Value of desired launch azimuth, scale factor BO, units
revolutions. Since is used at the start of POl, should form
part of prelaunch erasable load, although it can also be updated
in "AZMTHCG1" (via V78E). Program notation also "LUNCHAZ1",

LENGTHOT: Single precision cell, scale factor Bl,, loaded in "GTSCPS3"
with (for loading into ERECTIME) and at the end of "ALFLT",
if a new azimuth specification received, with . It is also
used as a counter of the number of half-seconds %gat have elapsed
since the previous entrance to "EARTHR*'", to control the nominal
gyro compassing cycle of five seconds (via an initial setting to
9 and a 1SECXT1 setting to 0.5 seconds).

LGYRO: See IMU Computations.

LOSVEC: Unit wvector, scale factor Bl, serving in "GCOMPVER" as a
temporary storage cell for the sighting vector to the first
target.

MARKINDX, MRKBUFl: See Optics Computations.

NDXCTR: Single precision cell, scale factor Bli, used in "GTSCPSS"
to retain information on bit 14(GLOKFAIL) of FLAGWRD3, which
should be O if do POl.

NEWAZMTH: Communication cell with "POSN17C", scale factor BO, units
revolutions, used to compute the required orientation of the
stable member. Program notation also '"NEWAZ1". Set to LAUNCHAZ
in "GTSCPSS'" and "ALFLT" (if an input azimuth change).

OGC: See Coordinate Transformations.

OLDAZMTH: Value of azimuth angle presently reflected in computations,
scale factor BO, units revolutions. If, with PREMTIRXC = O,
LAUNCHAZ = OLDAZMTH, it is concluded that no input change took
place, and no re-initialization (via entrance to "ESTIMS") of
gyro compassing is done. OLDAZMTH is set as described for
NEWAZMTH, but at a slightly different time for restart considera-
tions.

OPTIND: See Optics Computations.

PAC: See Coordinate Transformations.

PERFDIAY: Communication cell with routine calling "GOESTIMS'", set to
one centi-second at start of '"GTSCPSS', scale factor B28, units
centi-seconds (the "LONGCALL" entrance to the waitlist system is

used).

PIPA: See IMU Computations.
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PREMTRXC: Single precision cell, scale factor Bl,, initialized to 1 in
"GTSCPSS" and set O at the end of "AZMTHCGl". If sensed as O in
"ATFLT" (when LENGTHOT has run down), then, if LAUNCHAZ # OLDAZMTH,
gyro compassing is re-initialized. In any event, PREMIRXC is reset
to 1. Program notation also "PREMTRX1".

SAC: See Coordinate Transformations.
STAR: See Coordinate Transformations.
STARAC, STARAD, STARBC, STARBD: See Coordinate Transformations.

STARCODE: See Inflight Alignment (setting in "GCOMPVER" is not functional,
since the cell is not displayed by the mark routine).

Tmark: Value of time when previous earth-rate compensation was made,
scale factor B28, units centi-seconds.

TAZl, TAZz, TELl, TEL2: Single precision erasable memory cells (which
could be set as part of erasable memory load) giving azimuth
(TAZ,) and elevation(TEL.) for targets #1 and #2 used in PO3.
For &zimuth information,lscale factor is B-1 in twos complement;
for elevation, scale factor is B-2: in both cases, units are
revolutions.,

THETAN: Value of required number of gyro torquing pulses (before
rotation by EX , and hence in the vertical, south, east
system), scale®Pactor B21, units pulses. Program notation
also "THETAN1'",
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Rendezvous Computations

PRECSET
TdecZ - Tdecl
Perform "LEMPREGC"

EpassB - Eatt

ypaSSB Eatt

Tdecl - Tdec2
Perform "CSMPREC"

Bocts = Batt
Yootz = Tatt
UPL = unlt(unltEPaSS3 * yfassB)
CMYDOT = yactB - UPL
AUTOY = 3act3 + UPL
N = unlt(ﬂactB - y:act,B)
IMYDOT = V - UNRM
—pass3
Return
S el Entered from "P33/P73B" (P3L) and "P3L/P74C" (P35)

TITER = -16383

SECMAX = K 250

E-aprec B-actB

i

yaprec yéctB

R R
~pprec  ~pass3

I

v )l
—pprec  —pass3
Proceed to "ELCALC"
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ELCALC

ULOS = unit(ﬂpassB - EactB)

UNRM = unit(R, g * ¥, 45)

UP = unit (ULO§ - (UL0S * unitR ) unit@acts)

T8, = (ONRY % B vl * DB

TS = cos™L ((UE * ULOS) sgn TSl) (elevation angle)

If (ULOS - BactB) < 0:
TS = (1 - 2728) - 18
If bit lh(ITSWITCH) of FLAGWRD7 = O:
Ttpi = Ttpi + NOMTPI
If bit 7(HAVEELEV) of FLAGWRD2 = O:
ELEV = TS (TS derived above, elevation angle)
T8 = 0 (non-error return flag)
Return (to routine calling "S33/34.1")
DEIELO = DELEL
DELEL = TS - ELEV
If |pEIEL| - X <o0:
eeps
78 = 0O (non-error return flag)
Return (to routine calling "S33/34.1")
TS = % TITER (Tag here "FIGTIME")
If TS = 0:
sp

Return (to routine calling "S33/34.1": TS # O, indicating error)

TITER = TS
sp
= {4 _ _ i = (@)
TS = (4 - ELEV) sgn (|Epa853, |@act3‘) (The % is 180°)
If Ts < O: (praSSB'ln 12D; lgact3’1n 14D; units OD & 6D)

Return (to routine calling "S33/34.1": TS # 0, indicating error)
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PD28CS = - cos (4 - ELEV) / |B-p

,EactB ' 3583,

TS = 1 - 'PDZBCS,

Ir Ts €0:

Return (to routine calling "S33/34.1": TS # O, indicating error)

PDOMEGA = B_p ass3 ‘ ( unit (UNRM * unltEaCtB)) Yoot
TS = unitR * v
= “pass3  —pass3
PDOMEGP = ‘P_iactB' (unlt(T§ unltf_tpaSSB)) V ass3
TSl = (un:LtEact3 * unltEpassB ) + UNRM
e _l s ° 2 ) .l

PDALFMPT = ( cos™ (umitR . 4 unltEaCtB)) sen 1S, - % + EIEV

W : - 14 o
TS, = (% - cos™™ PD28CS) sgn( '_R_p 3883, 'gacth (3 is 180°)

R R (PDALFMPI + TS,)
PDDELTM = K ’ aCt3l ‘_pass3' 2
twopi

PDOMEGA - PDOMEGP

If |PDDELTM| - SECMAX ) O:
PDDELTM = SECMAX sgn PDDELTM
If TITER £ O: (i.e. first pass) (Tag here '"OKMAX")
TITER = 377774
DELTEEO = PDDELTM
NOMTPI = NOMTPI + DELTEEQ
Proceed to "ADTIMEA+3"
If (DELEL DEIELO) £ O: (i.e. sign change in angle)
SECMAX = SECMAX / 3
DELTEEO = - % |PDDELTM| sgn DELTERO
NOMTPI = NOMTPI + DELTEEO

Proceed to "ADTIME+3"

REND-3



1r |DELELO| - |pEIEL| » O:
DELTEEO = |PDDELTM| sgn DELTEEO
NOMTPI = NOMIPI + DELTEEO
Proceed to "ADTIME+3"
TS = DELTEEO
DELTEEO = - 4 DELTEEO
NOMIPI = NOMIPI - TS + DELTEEO  (same as NOMIPI - 1.5 DELTEEO_ )
Proceed to "ADTIME+3"
ADTIME+3
Perform "INTSTALL"
Set bit 4(CONICINT) of FLAGWRD3 = O
If NOMTPI # O: (as it would be expected to be)

Set bit 4(CONICINT) of FLAGWRD3 = 1

Tdecl = NOMTPI
Tet =10
RCV = R

= “aprec
VCV =V

= —aprec

Perform "INTEGRVS"

Boots = Baps
Yoot = Laes

Perform "INTSTALL"
Set bit 4(CONICINT) of FLAGWRD3 = O
If NOMTPI # O:

Set bit 4(CONICINT) of FLAGWRD3 = 1

Tdecl = NOMI'PI
Tet =0
RCV = R

= “pprec

REND-4



VCV =V
= —pprec

Perform '"INTEGRVS"

EpassB = Rt

yi:assB y.att
Proceed to "ELCALC"

S34/35.2 Entered from "P34/P7,C" (P35) and "P35/P75B" (P36)
SUBEXIT = Return address
Perform "INTSTALL"
Set bit 4(CONICINT) of FLAGWRD3 = O
If NNlSp = 04

Set bit 4(CONICINT) of FLAGWRD3 = 1

Tdecl N Tpassb,
T , = INTIME
et
RCY =
= “pass3
VCV =
—pass3

Perform "INTEGRVS"

Etarg - Eatt

Proceed to '"S3435.25"

S3435 .25

Ypassh - yatt

TS, = (un:.tEactB um.tf_ttarg) * UNRM

N O P
TH. = (Eos (unltEactB unltﬁtarg)) sgn TS,

1r TS <0:

TS =TS + (1 - 2‘28)
ACTCENT = TS
DELLTY = Tpass ), ~ WNTIME
I8, = NNlSp

REND-5



TS2 - Kepsfour

Einit Eact3
Yinit YactB
Perform "INITVEL"

T§2 = - UNRM
T§3 = - unltEact3
= 3
T§l T§3 UNRM
T§l
DELVLVC = T§2 DELVEET3
TS
-
T§l = ULOS
T§_3 = - unit (ULOS * UNRM)
T§2 = T§3 % ULOS
T§_l
DVLOS = T§2 DELVEET3
TS
e

Proceed to address specified by SUBEXIT

S34/35.3 Entered from "P34/P74,C" (P35) and "P35/P75B" (P36) if

new velocity components input

Perform "INTSTALL"

1l
o

Set bit 4(CONICINT) of FLAGWRD3

Set bit A4(CONICINT) of FLAGWRD3 = 1 (superseding previous line)

1l

Laeen ™ Tpassh

Tet - Tig
ROY =B, 43
WY = U, ., + DELVEET3

REND-6



Perform "INTEGRVS"

Etarg - Eatt
T§2 = — UNRM
T§_3 = - unltEactB
T§l
DELVLVC = T§2 DELVEET3
TS
g
T§l = ULOS
T§3 = - unit(ULOS * UNRM)
T§2 = T§3 ¥* ULOS
T§l
DVIOS = T§2 DELVEET3
TS
=3
Return
INITVEL Entered with TS., OD, set to iterations; TS

l.’
Set bit 2(GUESSSW) of FLAGWRD1 = 1

I—ttargl - E'targ
ITCTR = -1

COZY) = cos T82

VTARGTAG = TSl

R1VEC = R. .
= =init
BV = Etargl

TDESIRED = DELLTAL

UN = unit( unltﬁinit - yinit)
COZYL = COZYL + unltgtargl 2 unltEinit

REND-7

2’

2D, angle to 180°

(Tag here "HAVEGUES", entered from '"S40.9'")

(TS, set before enter, cell 2D, BO revs.)
2

(TSl set before enter, cell OD, Blj)



Set bit 10(NORMSW) of FLAGWRD7 = O
Proceed to "INITVELR'"
INITVEL2
If C0zYLy £ O:
Set bit 10(NORMSW) of FLAGWRD7 = 1

R2VEC = IRZVEQI unit (RZVEQ - (R2VEC -Ing)lmg

If ITCTR < O: (i.e. first pass)
Etargl = Bl
TS = - unitR1VEC ¥ unitR2VEC
If TS <0:
2
T8 = — T3

GEOMSGN = 22&378 sgn ('(T§ * unitRlVEg) S unitR2VEg)
Perform "LAMBERT"
Set bit 2(GUESSSW) of FLAGWRD1 = O
Ve . s = VVEC
—iprime =
If VTARGTAG = O:
Proceed to "INITVEL7"

Perform "INTSTALL"

R1VEC = R. .
= =init

RCV = R. .

= =1nit
VOV = V. .

= —iprime
T = INTIME

et

Set bit 4(CONICINT) of FLAGWRD3 = O
Tdecl = INTIME + DELLTA,
Perform "INTHEGRVS"

Etarget - yéttl

REND-8



ITCTR = ITCTR + 1

If ITCTR = VTARGTAG:
Boargy = P2V
Proceed to "INITVEL7"

R2VEQ = R2VES + Byopen — Eapp
Proceed to "INITVEL2"
INITVEL?
DELVEET3 = V., _. = Vo
—iprime —init
::. . 1" | = _
Yoorimn = Lpspuet (Vyapget COMPUbed in "INITV" if VIARGTAG = O)
R

“targ B Etargl
Set bit 8(XDELVFLG) of FLAGWRD2 = O

Return (to routine calling "INITVEL'")

CDHMVR Entered from "P33/P73B" (P3L)
UNVEC = un:J.tE_act2
CSTH = unitR . UNVEC
~pass?
- 2 * .

SNTH = /1 - CSTH® sgn ( (- B ooto EpassZ) UP;)
RVEC = R

= ~pass? ‘
Set bit 9(RVSW) of FLAGWRD7 = O (means new r, v are desired)
VVEC = V¥

=  —pass?

Perform "TIMETHET"

PD18V = TS
2
PDOZR = ’TS ]
=
DIFFALT = PDO2R - 'EathI
PDSEMAP = R1 / RdA (semi—major axis of passive vehicle)
PDSEMAA = PDSEMAP - DIFFALT

REND-9



PDVAV = (PD18V - UNVEC) (PDSEMAP / PDSEMAA)3/?

o =2 Krtmu /)Eath} - Krtmu / PDSEMAA

L

J1s - PovAv?

PDVAH =
v = PDVAH unit(UPL * UNVEC) + PDVAV UNVEC
—act3 =
DELVEETZ = Voopg ~ Yoeto
Return
NC12ST Entered from "NC12H", "P31", and "P32"
PH1 = 9 (the 9 is from most significant half of K25fds)
CF =0
PH2 = O
DVHL = By gnpqa
If bit 5(NC12FIG) of FLAGWRDO = 1: (P32)
55 = Loy
DY = Kqgpras
If bit 5(NC12FIG) of FLAGWRDO = O: (P31)
DVC = Kys5r4s
DREE = Bogpgs
PI = 0.5 (units of revolutions, i.e. 180°)
TN = TIMEC
Tiecl = TIMEC

Perform "CSMPREC"

Set bit 13(ITERFIG) of FLAGWRD2 = O

Brig ™ Rats

Eac - Eatt

Btz = Bag (same cell)

Visg ™ Lovs

REND-10



yﬁc yétt

Tdecl = TIMEC

Perform '"LEMCONIC"

Voo = Laen
Boe ™ Haty,

Proceed to "PHSMCH"

Entered also from end of "NC12J"

PHSMCH
— *
AML unlt(Ep . ypc)
UPLl = AM1 (same cell)
Ry = it [t (e, * 1,0))
_ -1 s .
TS, = PI - cos (umt@pc UE_pd)
TH2 = PI - TS, sgn((ngd *R) - AM_l_)
If TS, ) O

If NC - 18 » 0:

If PI # O:
15 =R, (D)
18, =V,  (6D)
TS3 = TIMEC (12D)
TSLL =1 (B5 rev, 14D)

Perform "REVUP"

TN = TN - (RATEMP - TIMEC)

Proceed to "NC12J"

1r |tH2| - Copsy < O
Proceed to "NC12F"
If PH1 # O:
PH1 = PH1 - 1

Proceed to '"'NC12J"

(Tag here "NC12B")

REND-11



Boo = [Boo] Wit (By, - By, * AML) AM;) (Tag here "PSMAIRM")
—ac —a.cC —ac —ac L

B oo = By, (same cell)

TS = 600,

Proceed to "DISPAIM"

NC12J Entered from '"PHSMCH"

Set bit 9(RVSW) of FLAGWRD7 = 1 (new r, v not desired)

CSTH = cos |TH2]

SNTH = sin |TH2|
RVEC = R

=8,
VVEC = yﬁc sgn TH2

Perform "TIMETHET"

If PI # O:
PI =0
Epc N Eother
ypc N Eother
Tpc - Tetlm
Set bit 2(NCINTFIG) of FLAGWRDO = O (Tag here '"NC12C'")
TS = Tpc (save for integration below)
TN = TN - T sgn TH2
Tpc = TN
Tdecl = I

Perform "INTSTALL"

Set bit 4 (CONICINT) of FLAGWRD3 = O

If bit 2(NCINTFIG) of FLAGWRDO = 1: (should not be)
Set bit 4 (CONICINT) of FLAGWRD3 = 1

Tet = T8 (TS saved above)

REND-12



VC

<
& 4

e
RC

<
I

c
Perform "INTEGRVS"

Yoo = Yatt

E'pc Batt
Proceed to "PHSMCH"

NC12F Entered from "PHSMCH" if jTHz/<cepsl
PH1 = 0
R =B_|unit(13_ - ® -AML)AM;)
—ac ac ac —ac -
B oot2 = By, (same cell)
Yoo © ‘yécl R (yéc - (yéc * AML) AM;)
Set bit 2(NCINTFIG) of FLAGWRDO = 1
Taeel = Tepi
Perform "INTSTALL"
Set bit 4(CONICINT) of FLAGWRD3 = O
If bit 2(NCINTFIG) of FLAGWRDO = 1: (should be)

Set bit 4 (CONICINT) of FIAGWRD3 = 1

Tet - Tpc

VCV =Y
<7 e

RCY =R
L7 S

Perform "INTEGRVS"

Set bit 2(NCINTFIG) of FLAGWRDO = 1

Totpt = Yate
Botpi ~ Ratt
DEIH = DELH1

Perform "QRDTPI"

Bopd =

Proceed to '"NC1LOOP"

R. - DELH1 unitR.
-J -J

REND-13



NC1LOOP Also entered from end of '""NC12G"

S) = Ry, (0D)
TS, =V, t DW unit (AM1 * @ac) (6D)
Ts3 = TIMEC (12D)
TS, = NC (14D)

L
Perform "REVUP"

If bit 5(NC12FIG) of FLAGWRDO = 1: (P32)
= 1" 1"
Bah2 Eatt (Tag here "NC2A")
v = Lawt
TH2 = RATEMP

Proceed to "NC12D"

Bop1 = Batt (P31 if get here)

Vo1 = Lans

TH1 = RATEMP

TS = CF

If TS # O: (Means have done "NC12G" at least once)
TS = 0.5 -

CI =TS

Proceed to ''NC2LOOP'"

NC2LOOP Also entered from end of "EHCOMP'" (NCLPFIG = 0)
B = B (0D)
TS, =V,, + DUVHl unit(AML ¥R, .) (6D)
T83 = TH1 (12D)
TS[+ = Cnhl (14D)

Perform "REVUP"

Moro = Yaug

REND-1/



TH2 = RATEMP

TS = B4y (in OD)

Set bit 9(NCLPFIG) of FLAGWRD1 = O
Ban2 = Batt
DELHTMP = DHNCC
Proceed to "EHCOMP"

NC12D Entered from "NC1LOOP" (P32) and "EHCOMP" (NCLPFIG = O & converged)

TS = CF

If TS # O: (Means have done '"NC12G'" at least once)
TS = 0:5

CI =TS

Proceed to "NCCLOOP'"

NCCLOOP Also entered from "EHCOMP" (NCLPFIG = 1)
Set bit 2(NCINTFIG) of FLAGWRDO = 1
T =TH2 + C
as tes
Tdecl - Tas
Perform "INTSTALL"

0

Il

Set bit 4(CONICINT) of FLAGWRD3
If bit 2(NCINTFIG) of FLAGWRDO = 1: (should be)

Set bit 4(CONICINT) of FLAGWRD3 = 1

Ty = TH2
- Wy=Y,, + DWH2 unit (AM1 * Bahz)
BeX = B

Perform "INTEGRVS"

L
Eas - B'at't;
TS = B,y (0D, same cell)

REND-15



Perform "RADUP"

et = s, - [B,|

1S, = T8,

T_S__2 = T§v (oD, same cell)
Perform "COR"

Vv = PDVA

—asf =

Set bit 2(NCINTFIG) of FLAGWRDO

Il
‘.—J

Taenl = Topt
Perform "INTSTALL'

0

fl

Set bit 4 (CONICINT) of FLAGWRD3
If bit 2(NCINTFIG) of FLAGWRDO = 1: (should be)

Set bit 4(CONICINT) of FLAGWRD3 = 1

Tet - Tas
VoL = y:asf
RCV = R

— ~as

Perform "INTEGRVS'

B ™ Bopy

L=l W
Set bit 9(NCLPFIG) of FLAGWRDL = 1
DELHTMP = DELH1

Proceed to "EHCOMP"

NC12G Entered from "EHCOMP" (NCLPFIG = 1 & converged)
_ = o o )
PDEP = cos (un:LtB_af unltﬂafd) sgn ((Eaf * Eafd) AM;)
1r (|pDEP| - 4 Cops1) < o:

_Proceed to ''NC120UT"

PDITX = DVC (2D)

REND-16



PDITE = PDEP (4D)
PDITC = CF (6D)
EO = EOP

DVO = DVOC

Perform "ITER"

If bit 13(ITERFIG) of FLAGWRD2 = 1:

Proceed to "OLPALRM" (6028 alarm)
CF =TS (updated PDITC)
DVC = PDITX
DVOC = DVO
EOP = EO

Proceed to '"NC1LOOP"

EHCOMP Entered from "NC2LOOP" (NCLPFIG = O) and "NCCLOOP" (NCLPFIG = 1)
RATEMP = |T§|
Perform "RADUP!
PDEH12 = |T§Tl - RATEMP - DELHTMP
PDITP = PH1 (op)
If bit 9(NCLPFIG) of FLAGWRD1 = 1:
PDITP = PH2
If PDITP # O:
1f  (|PDEH12] - ceps2) <0:

Proceed to '"NC12D"
Proceed to '"NC12G"

|
If bit 9(NCLPFLG) of FLAGWRD1 = O: (Tag here "LOOPX'")
PDITX = DVH1 (2D) (Tag here "ITERUP") \

REND-17



If bit 9(NCLPFIG) of FLAGWRD1 = 1:

PDITX = DVH2

Il

PDITE = PDEH12 (LD)

PDITC

CI (6D)

X1 = PSHFT1

If bit 9(NCLPFLG) of FLAGWRDL = 1:
X1 = PSHFT2

Perform "ITER"

If bit 13(ITERFLG) of FLAGWRD2 = 1:
TS = 6014 (Tag here "ILPAIRM'")
Proceed to '"DISPAIM"

CI =TS

If bit 9(NCLPFLG) of FLAGWRD1 = 1:

PSHFT2 = X1
DVH2 = PDITX
PH2 = PDITP

Proceed to "NCCLOOP"

DVH1 = PDITX (Tag here "NC2ITR")
PSHFT1 = X1
PH1 = PDITP

Proceed to '""NC2LOOP"

NC120UT Entered from start of '"NC12G" and '"OLPAIRM'" (PRO)

DELVLVC = (DVC, 0, 0)

T§2 S AM:L_

TS, = - unitR

~3 —as
TS, = TS, * AML

REND-18



WNSE = |TS,| (Y - T

cdh s (Tcdh notation also TNSR)

TH2 (T . notation also TNCC)
csi

—
]

If bit 5(NC12FIG) of FLAGWRDO = 1: (P32)

DVDSP1 = DVH2 (Tag here 'NC2N80O')

Il

DVDSP2 = |VGNSE |
DHDSP = DHNCC

Proceed to ''NC12DH"

DVDSP2 = DVH2 (P31 if here)
DVDSP1 = DVH1

NC2TIG = THL

TS = Eahl

Perform "RADUP"
DHDSP = ,Tgr, - 3ah1]
Proceed to "NC12DH"
REVUP Entered with T§l position, T§2 velocity, TS

PoA = 1/(2/118,] - Kppuo (T8, ° 15,))

Set bit 2(NCINTFIG) of FLAGWRDO = 1

RATEMP = TS3 o TSA K2pib3 Kldsqmu yPDA  PDA

time tag, TS, revs

2 b

Tiecl = RATEMP

Perform "INTSTALL"

Set bit 4(CONICINT) of FLAGWRD3 = O

If bit 2(NCINTFIG) of FLAGWRDO = 1: (should be)

Set bit 4(CONICINT) of FLAGWRD3 = 1

REND-19



)
ey = TS,
RCY = T8,

Perform "INTEGRVS"

Return
RADUP Entered with TS, OD, vector to be matched
VVEC = V
~ = Ihe
RVEC = R
=~ = Epe
T§l = RVEC * VVEC
T52 = (RVEC * TS) - T§l

ITER

TS = (cos'l (unitRVEC - u.nitT_S_)) sen TS,
CSTH = cos TS
Set bit 9(RVSW) of FLAGWRD7 = O (new r, v desired)
SNTH = sin TS
Perform "TIMETHET"
Return (T_s_r in MPAC; TS  in oD)
Entered from "EHCOMP", "GETRJ", and "NC12G"
If PDITC = O:
T8 = Kyp4
Proceed to "ITER3'"
If (PDITC - 0.5) = O:
TS = (PDITE / PDITP), shifted left X1 places
Proceed to "ITER3"
If PDITE - EO = O:
TS =K (constant is 3 fps for velocity)

Op3fds
Proceed to "ITER3"
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PD8D = (PDITE - EO), with number of leading zeros stored in X1
PDITE = PD8D / (PDITX - DVO)
If (PDITC - 14) 2 O:
Set bit 13(ITERFLG) of FLAGWRD2 = 1
Return
TS = PDITE / PDITP

Proceed to "ITER3"

ITER3
PD8D = TS
EO = PDITE
DVO = PDITX
PDITX = DVO - PD&D (in 2D)
TS = PDITC + 1 (in 4D)
Return
DISPL5A Entered from '"P33" and "N81DISP"

Perform "VN16/5"

Tdecl = TCsi (Tcsi notation also TNCC)

INTIME = T __.
esl

Perform "CSMPREC"

Bintt ™ Batt

Epa553 - Eatt (used to restore Binq¢ in "NCCDMP74+17")

onin, = Lep
Yootz ™ Tabb
Tdecl = Tcdh (Tcdh notation also TNSR)

Perform "LEMPREC"

REND-21



Set bit 13(ITERFIG) of FLAGWRD2 = O

VOV =V .o (note that this violates "INTSTALL" lockout
RCY = B4

UP1 = unit(RCV * VCV)

constraints generally observed elsewhere)

s " "
Tdecl Ttpi (Tag here "NCCDMPL")

Perform "LEMPREC'

Set bit 2(NCINTFLG) of FLAGWRDO = O

Botpt ~ Bat
Votps = Yatt
DELH = DELH1

Perform "QRDTPI"

IS, = Ej

18,

i

V.
=
Perform "COE"

Perform "INTSTALL"

RCV = PDRA
VCV = PDVA
Tet B Ttpi

Set bit L4 (CONICINT) of FLAGWRD3 = O

Tiocl ~ Yedh (Tth notation also TNSR)
Perform "INTEGRVS"

Brsr ~ Ratt

Eath =B .. (same cell)

B"l:arg N Batt

yhsrp B yétt

DELLT, = Tcdh - TCsi (TCsi notation also TNCC)

REND-22



15, =2

1
TSy = K159eg
Perform "INITVEL"

- - "NCCDMP7"
8 yhsrp l’tprime (Tag here = )

Yinit - ytprime

R. . R

=init -nsr

Perform "GET .LVC"

DELVLVC = V : * UPL
y —tprime

VGNSR = DELVLVC

Proceed to "NCCDMPH17"

QRDTPI Entered from "NC12F" and "DISPL5A"
DIQRD = O
ITERCNT = O
If (EIEV - %) > o0: (the % is 180°)

EIEV = EIEV - %
COSE = cos ELEV
Proceed to "GETRJ"
GETRJ
Perform "INTSTALL"

Set bit 4(CONICINT) of FLAGWRD3 = O

RCV = R s
= ptpi
VWV =YV .
= ~ptpi
Tet = Topi
Tdecl = Ttpi + DIQRD

If bit 2(NCINTFIG) of FLAGWRDO = 1:
Set bit 4L(CONICINT) of FLAGWRD3 = 1

Perform "INTEGRVS" (Tag here "GOPREC'")

REND-23



COE

R. =R (same cell)

J =att
yj =V it (same cell)
URJ = unltﬂatt
RJIMAG = \Rattl
= * ® i 3* 2
TS (yﬁtpi gptpi) (unltaptpi URJ ) (B38 m“/cs)
If TS #0
-1
TS = (cos unitR . . * URJ ) sgn TS
(unitR , . J)) sg
1 ({BJMAG - DELH) COSE
PDET = % - [' sin i + ELEV = T8
l—ptpi‘
> _ < e

1t (|poET| Cops1) < O

Return (to routine calling "QRDTPI")
PDITX = DTQRD
PDITE = PDET
PDITC = ITERCNT
Perform "ITER"
If bit 13(ITERFIG) of FLAGWRD2 = 1:

TS = 6038 (Tag here "QRDALRM")

Proceed to "DISPALM"
ITERCNT = TS
DTQRD = PDITX
Proceed to "GETRJ"

Entered with T§l position; T§2 velocity
PDRM = lT§l| - DELH
PDRA = PDRM unitTS, (left in MPAC when exit)

_ 2
Hio Kmnth / ( = Kmumh2 /ITﬁl] - IT§2, )
PDCAD = PDCA - DELH

REND-24



TS = (PDCA / PDCAD)? (unitTs, ° 15,)°

PDVV = YIS sgn (unitT_S_l . T_S_2)
Ts.3 =K mio ( 2 PDCAD - PDRM) / (PDCAD PDRM) - TS (B14)
PDVA = \ﬁs3 unit ( (unitT§l ¥* T§2) un:LtT§l) +  PDVV unitTS,

Return

REND-25



Quantities in Computations

See also list of major variables and list of routines

ACTCENT: Value of CSM (active vehicle) central angle of transfer computed in
153435 .25" (entered for P35 and P36), scale factor B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>