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ORBIT TARGETING SPECIALIST FUNCTION
LEVEL C FORMULATION SPECIFICATION

By A. DuPont, S. McAdoo, and H. Jonesg, Flight Planning Branch;
and A. K. Jones and D. Pearson, MeDonnell Douglas Technieal
Services Co.

1.0 SUMMARY

This document contains a definition of the Mission Planning and Analysis Divi-
sion (MPAD) level C requirements for onboard maneuver targeting software.
Included are revisions of the level C software requirements delineated in JSC IN
78-FM-27, Proximity Operations Software; Level C Requirements, dated May 1978.
The software will support the terminal phase midcourse (TPM) maneuver, braking
and close-in operations as well as supporting computation of the rendezvous cor-
rective combination maneuver (NCC) and the terminal phase initiation (TPI1). The
second corrective combination maneuver (NSR), which is designed to create an
Orbiter orbit coelliptic with the target orbit, is not available. Another NCC
to an offset will be used as a substitute. Specific formulation is contained
here for the orbit targeting specialist function inecluding the processing logic,
linkage, and data base definitions for all modules. The crew interface with the
software is through the keyboard and the ORBIT_TGT display.
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2.0 INTRODUCTION

The requirements that are provided define software to support maneuver target-
ing for rendezvous and close-in operations. A primary input is an accurate
navigated state vector. To maintain a relative navigation state for maneuver
targeting and vehicle control, relative navigation and the processing of
sensor tracking data from the star tracker, crew optical alinement sight, or
the Ku-band rendezvous radar are required. Prior to the TPl maneuver, sensor
updates are incorporated only during the coasting major mode. After TPI, the
sensor update will be continuously processed except during periods of Orbiter
accelerations above a TBD threshold. Access and control of the software will
be thriugh the keyboard and the ORBIT_TGT display. Definition is provided

for input, output, and control. The maneuver targeting software consists of
two-impulse Lambert software and two~impulse Clohessy-Wiltshire (CW) software,
each capable of targeting to an offset position. The maneuvers are displayed
to the orew and transferred to guidance for manual execution. Implementation
of these requirements will provide the crew with software support to reduce
crew workload, to reduce reaction control system (RCS) propellant usage, and
to fly a special trajectory.

1 PAGE 18
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3.0 ACRONYMS
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4.0 ORB1T TARGETING SPECIALIST FUNCTION

The orbit targeting specialist functicn gives the Orbiter crew the capability to
generate targeted maneuvers so as to generate vehicle motion from a given posi-
tion to a desired target refersnced relative position. Profile examples that
could utilize this targeting functicon Include NCC, TPI, TPM, terminal phase
finalization (TPF), braking, stationkeeping, transition, approach, and separa-
tion. The targeted maneuver outputs of this specialist function will be avail-
able for digplay to the crew and as inputs to the maneuver execution software
functions, including the maneuver guidance function.

The targeting algorithm computes either maneuver of a two-maneuver set. The
initial maneuver of the set is targeted to achieve a given position relative to
the target vehicle in a given delta-time (delta~t). The second maneuver is

targeted to null the Orbiter's velocity relative to a target-centered rotating
reference frame.

The targeting algorithm has as inputs a set of constraints (denoted as a target
set) that are selected by crew action via the orbit targeting specialist func-
tion display (fig. 1). The selected target set can be one of 40 sets available
in the I-load or from ground uplink. Lambert maneuvers will be computed for the
first NLAMB target sets. Closed-form CW equations will be used to compute ma-
neuvera for the rest of the target sets. The crew has the capability via dis-
play input to modify a selected target set and have the appropriate I-load
changed accordingly.

In general, a sequence of rendezvous maneuvers, braking manetvers, stationkeeping
maneuvers, or transition maneuvers can be performed by selecting the appropriate
target set, computing the solution, executing the indicated maneuver, and then
repeating the process for each remaining maneuver in the sequence.

The following sections describe the detailed logic and equations necessary to
support orbit operations targeting.

The specifications for the orbit targeting specialist function are presented as
a set of modular tasks. These tasks are listed as follows and are numbered with

corresponding section numbers of this document in which the detailed require-
ments are presented.

.1 Proximity operations targeting executive task (PROX_EXEC)
4,2 Proximity operations targeting status task (PROX_STAT)
4.3 Proximity operations targeting target set seleet task (PROX_TGT_SEL)

by Proximity operations targeting initialization task (PROX_IN1T)

4.5 Proximity operations targeting guidance quantity transrer task
{ PROX_TRANS)
4.6 Proximity operations targeting supervisory logiec task (PROX_TGT_SUP)
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4.7 Proximity operations targeting supervisory-Lambert logic task
(PROX_TGT_SUP_LAMB)

4.8 Proximity operations targeting start timer task (PROX_STIME)

4,9 Maneuver to offset targeting task (OFFSET_TGT)

4,10 Relative state predictor task (REL_PRED)

4,11 Relative state compute task (REL_COMP)

4,12 Proximity operations targeting output display load task (PROX_DISP_LOAD)
4,15 Time conversion task (TIME_CONVRT)

4.14 Delta~t compute task (DT_COMP)

4,15 Omega-dt compute task (OMEGA_DT_COMP)

4,16 Elevation angle search task (TELEV) .

4,17 Precisioh velocity required task (PREVR) -
4,18 Elevation angle computation task (COMELE)

4,19 Blevation angle iteration task (ELITER)}

4,20 Lambert eoniec-velocity-required task (LAMBERT)

4,21 State vector update task (UPDATVP)

4,22 Newton-Raphson iteration task (ITERV)

4.23 Orbiter LVLH transformation task (ORBLV)

The organization of the tasks is shown in figure 2. The main control is in the
executive task (PROX_EXEC). The executive calls other tasks that monitor the
status and provide for display and guidance interfacing. It alsoc calls one of
two targeting supervisory tasks to compute either a maneuver using CW equations
or a Lambert maneuver (PROX_TGT_SUP and PROX_TGT_SUP_LAMB, respectively). 4 gen-

eral data flow of the orbit targeting specialist function is shown in figure 3.

To facilitate understanding of the data flow interfaces, all orbit targeting
specialist function variables are placed in one of the five common packages:

a. PROX_WORLD_COMMON contains all variables that are passed between the spe-
cialist funetion and other guidance, navigation, and control (GN&C)
functions. - - : :

b. PROX_DIP_COMMON contains all variables that are passed between the special-
ist Ffunction and the ORBIT_TGT_DIP.

OF POOR QuaLrry
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¢. PROX_ILOAD_COMMON contains all variables that are input data to the special-
ist function.

d. PROX_VARIABLES_COMMON contains all variables internal to the specialist
function.

e. PROX_LAMVAR_COMMON contains variables internal to the Lambert routines of o
the specialist function. d

The specific contents of each of these common packages are listed in tables 1
through 5. The common packages available to each of the orbit targeting spe-
cialist function modules are shown in Ffigure 4.

In the following sections each function module is explained, and specific
input/output (1/0)} variables for each module are listed.

4.1 PROXIMITY OPERATIONS TARGETING EXECUTIVE TASK (PROX_EXEC)

Tnis eyclically executed module {fig. %) is the top-level module of the orbit
targeting specialist function. A functional flow of the executive task is shown
in figure 5. It performs as follows.

a. lnitializes data

b. Responds to the crew changes in the display area

c. Sets status discretes for display items to be flashed and for display items
to carry stars

d. Transfers target set data between the I-load buffers and the display and
computational buffers

e. Calls the task to compute the relative state
f. Calls the appropriate targeting supervisory logic task
g. Calls the task to load the output display data buffers

h. Calls the task to load the guidance buffers with data for the upcoming
maneuver

i. Calls the task to load the time management buffer with the time to be
counted down to the next maneuver.

This module design assumes that a higher-level software calls or schedules .
PROX_EXEC whenever the speclalist functlion is called by a crew request. It is
assumed that the higher-level software will cycle PROX_EXEC at a TBD frequency
until the crew terminates the specialist function.

§ e
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4.1.1 Detailed Requirements
The following steps are required to perform the orbit targeting function. .

a. Perform a logic test to determine if this is the first pass through the ex-
ecutive.

If first pass (PROX_FIRST _PASS_STATUS = ON)
- (1) BSet the prox base time to the ILOAD values by setting up the inputs and

calling the time conversion task (TIME_CONVRT). The TIME CONVRT
detailed requirements are presented in section 4.13.

TAME_CONVERT_FLAG = 1
DAY = BASE_START_DAY
HR = BASE_START_HOUR

M1N

]

BASE_START_MIN

SEC

BASE_START_SEC _
Call TIME_CONVRT; inputs: TIME_QONVERT“FLAG,VDAI, HR, MIN, SEC
ocutput: TIME SEC
PROX_BASE_TIME = TIME_SEC |
(2) Put the base time inﬁo the display. 2

PROX_BASE DAY

tl

BASE_START_DAY

PROX_BASE_HR BASE_START_HR

1

1

PROX_BASE_MIN = BASE_START MIN

PROX_BASE_SEC = BASE_START_SEC
(3) Initialize TI_TIG and T2 TIG.
T1_TIG = 0
T2 T1G = 0
(¥) Initialize the compute in progress status flags.

PROX_T1_STAR_STATUS = OFF

1]

PROX_T2_STAR_STATUS = OFF
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(5) Set the first pass status off.
PROX_FIRST_PASS_STATUS = OFF

Perform a logic test to determine if the crew made an entry to items 21, 22,
23, or 24,

If an entry was made (PROX ITEM_?]TDZ& STATUS = ON), set the LOAD to flash
(PROX_LOAD_FLASH = ON).

‘Call the,proﬁimity operations targeting status task (sec. 4.1) to set the

maneuver status flag to on or off position if the maneuver TIG time is prior

to or past current time. The inputs and outputs are listed in tables
6 and 7.

Perform a logic test to determine if the crew has made an entry to item 1.
If so (PROX_ITEM_1_STATUS = ON):

(1) Call the proximity operations target set select task (sec. 4.3}
to load input display buffer and computation buffer from the ILJAD
buffer.

(2) Set PROX_ITEM_1_STATUS = OFF.

Perform a logic test to determine il the crew exescuted item 25,
If an execution was made (PROX_ITEM_ 25 _STATUS = ON):

(1) Transfer the T2 maneuver time data in the computation buffer
to the T1 maneuver time computational buffer slots.

T1_TIG = T2_TIG

(2) Transfer the T2 maneuver time data in the computation buffer
to the T1 maneuver time display buffer slots.

TIME_CONVERT_FLAG = 0

TIME_SEC_ = T1_TIG

Call TIME_CONVRT; inputs: TIME_CONVERT_FLAG, TIME_SEC
outputs: DAY, HR, MIN, SEC

DISP_T1_DAY = DAY

DIsP_T1_HR = HR.

MIN

DISE_T1_MIN

DISP_T1_SEC = SEC

e et s o s g ¢ g A e . UV VOO
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(3) Set the status flag to off.
PROX_ITEM 25_STATUS = OFF

Perform a logic test to determine if the crew made any entries to
items 2 through 20.

(1) If entry was made (PROX_ITEM_ETOBD_STATUS z ON), set flag to flash
"LOADY, ”
PROX_LOAD_FLASH = ON

Perform a logic test to determine if the crew executed item 26. 1t
execution was made (PROX_ITEM 26_STATUS = ON):

(1) Convert the input data display buffer items and store in the computa-
tional data buffers and the I-load data buffers. The conversion is
performed by the proximity operations targeting initialization task
(see., 4.4). The inputs and outputs are presented in tables 8 and 9.

(2) Set status flags to the off condition.

PROX_ITEM_2T020_STATUS = OFF
PROX_ITEM_21T024_STATUS = OFF
PROX_LOAD_FLASH = OFF
PROX_ITEM_26_STATUS = OFF

Perform a logic test to determine if the crew executed item 27.

If so (PROX_ITEM_27_STATUS = ON):

(1) Set the compute T1 star status flag to on.

PROY_T1_STAR_STATUS = ON

(2) Perform a logic test to see if any of the display buffers for
T1 relative state are blank (items 7, 8, 9, 10, 11, 12), or if
the T1 maneuver time is in the past (T1_TIG < PROX_T CURRENT).

(a) If so, set USE_DISP_REL_STATE = OFF
(b) If not, set USE_DISP_REL_STATE = ON
\3

Perform a logical® test to determine if the crew executed item 28,

If so (PROX_I1TEM_ 28_STATUS = ON):

e A Sl S



(1)

(2)

(3)

T8FMY3
Set the compute T2 star status flag to on.
PROX_T2_STAR_STATUS = ON
Set the use relative display to off.
USE_DISP_REL_STATE = OFF
Set the item 28 status to off.

PROX_ITEM_28_STATUS = OFF

Perform a logic test to determine if the compute T1 or compute T2
solutions were requested.

(1

(2)

(3)

(4)

If a request was made (PROX_ 1 _STAR_STATUS = ON or PROX,Té,STAR“STATUS =
-ON): ' '

Retrieve the current Orbiter and target state vectors from
ON_ORB_UPP. :

RS_M50_PROX = R_AVGG
VS_M50_PROX = V_AVGG
RT_M50_PROX = R_TARGET

I

VT_M50_PROX = V_TARGET

Retrieve the ON_ORB_UPP nav state time tag (T_STATE), assumed GMT,
if the use dlsplay flag is off or a Lambert solution is requested.

If USE_] DISP _REL_STATE = OFF or PROX_TGT SET _NO < NLAMB,
set TIME_PROX = T_STATE-BASE_MET
Convert the orbital angular rate from the target inertial vector.

RT_MAG = MAG (RT_M50_PROX)

" VIAN = VT_M50_PROX - UNIT (RT_M50_PROX) (RT_M50_PROX-VT_M50_PROX)/RT_MAG

OMEGA_PROX = MAG (VTAN)/RT_MAG

Determine whether a Lambert or a CW calculation will be performed
and call the appropriate targeting supervisory logic.

1f PROX.TGT_SET_NO<NLAMB, call PROX_TGT SUP_LAMB,
Otherwise, call PROX_TGT_SUP

10
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(5) Call the prox ops targeting output display load (see. 4.12) to transfer
the computed output data to the display buffers. The inputs and
outputs are listed in tables 10 and 11.
(6) Set the status flags to off.

PROX_Ti_STAR_STATUS

OFF

PROX_T2_STAR_STATUS

13

OFF

(7) Call the prox ops targeting start timer task (sec., 4.8) and compute the
time to the upcoming maneuver and place it in the time management
buffer. The inputs and outputs are listed in tables 12 and 13.

(8) Transfer the manuever execution data to the guidance buffer or array.
This transfer is performed by the proximity operations guidance quan-

tity transfer task (sec. 4.5). The inputs and outputs for the task are
listed in tables 14 and 15.

4.1.2 Interface Requirements

The input and output requirements for the proximity operations targetlng execu-~
tive task are given in tables 16 and 17.

4.1.3 Processing Requirements

The specialist function will be called on crew demand and will be cycled
thereafter at a TBD rate until the crew terminates the speecialist function. The
display data will be in the main memory so that when the specialist function is

recalled the display will contain the data present when the display was last
deactivated.

4.1.4 lnitialization -

The keyboard status flags will be initially set by the orbit targeting DIP I-
load values. The output data in the upper portion of the display will be blank
until an initial compute is performed. The input data (items 2 through 20) will
be blank initially. Initialization of items 2 through 20 will cecur from execu-

tion of items 26 and 27 or 28. The initialization of items 21 through 24 will
be by I-load values.

4.1.5 Supplemental Information

None.

11
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4.2 PROXIMITY OPERATIONS TARGETING STATUS TASK (PROX_STAT) :

This task sets the maneuver status flag if the maneuver ignition time is prior
to current time.
4.2.1 Detailed Reguirements

The following steps are required to perform the proximity operations targeuving
status task.

a. Perform a logic test to see if current time (T_CURRENT) from FCOS
is GMT or MET.

(1) If GMT (TM_IND

OFF), compute a MET current time.

n

PROX_T _CURRENT = T_CURRENT~BASE_MET
(2) If T_CURRENT is MBT (TM. IND = ON), compute a MET current time.
PROY_T _CURRENT = T_CURRENT

b. Perform a logical test to determine if the maneuver exists and if it is 1n
the past.

If it exists and if it i1s in the past (T_MAN > 0 and PRDK T CURRENT > T
MAN), set the past status flag to on. .

PROX_PAST _STATUS = ON
Otherwise, set it to off.

PROX_PAST_STATUS = OFF

4.2.2 Interface Reguirements

The input and output parameters for this task are listed in tables 6 and 7.

t k.2.3 Engégﬁéinghaggulngmsnng

Perform once on call.

4,2.4 Initialization

None.

ORIGINAL PAGE I§
OE POOR QUALITY:
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4.2.5 Supplemental Information

Naone.

4.3 PROXIMITY OPERATIONS TARGETING TARGET SET SELECT TASK (PROX_TGT_SEL)

This task loads the inputs into the display and computational buffers from
the selected set of l-load values.

4,3,1 Detailed R i ts

The following steps are required to perform the proximity operations targeting
target set seleet task. Perform a logic test to retrieve the selected target
set data from the l-load arrays.

1f the array index equals the target set number (I_INDEX = PROX_TGT_SET_NO),
load that value of the array to define the desired set.

T1_ILOAD_ARRAY (I_INDEX) \

DT_I1LOAD_ARRAY (I_INDEX)

EL_1LOAD_ARRAY (I_INDEX)
? = the desired set in the I~-load arrays

XOFF_TLOAD ARRAY {(I_JINDEX)

YOFF_ILOAD ARRAY (I_INDEX)

ZOFF_1LOAD_ARRAY (I_INDEX)

/

a. Load the computational data buffers where:
I_INDEX = PROX_TGT_SET_NO
T1_TIG = PROX_BASE_TIME + 60 T1_ILOAD_ARRAY (I_INDEX)
COMP_PROX_DT = DT_LLOAD_ARRAY (I_INDEX)
EL_ANG = BL_ILOAD_ARRAY (I_INDEX)

COMP_T2_XOFF = XOFF_JLOAD_ARRAY (i_lNDEX)

COMP_T2_YOFF = YOFF_ILOAD_ARRAY (I_INDEX)

COMP_T2_ZOFF = ZOFF_ILOAD_ARRAY (I_INDEX)

b. Load the display buffers for T1 relative position and T2 time with blanks.

DISP_T2_DAY = blank
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DISP_T2 _HR = blank

DISP_T2_MIN = blank

DISP_T2_SEC = blank

i

DISP_’ T1 '}'i = blanks

L}

DISP T1 XD blanks

e. Convert the computational T1 maneuver time (which is in MET) to days,
hours, minutes, and seconds by calling the time conversion 'task (TIME_ -
CONVRT)._ TIME_CONVRT detailed requirements are presented in section 13.
TIMEmﬂbNVERT;FLAG =0
TIME SEC T1_ TI16
.Call TIME__CONVRT; inputs: T’IME_'_CONVERT_FLAG, TIME_SEC

outputs: DAY, HR, MiN, SEC

d. Load the display data buffers where I_INDEX = PROX_TGT SET_NO.
DISP_I1_DAY = DAY
DISP_T1_HR = HR-

DISP_T1_MIN = MIN

]

SEC

DISP_T1_SEC
DISP_PROX_DT = DT_ILOAD_ARRAY (I_INDEX)

DISP_EL_ANG = (180/P1) BEIL_ILOAD_ARRAY (I_INDEX)

DISP_T2_XOFF = XOFF_TLOAD_ARRAY (I_INDEX)

DISP_T2_YOFF = YOFF_ILOAD_ARRAY (I_INDEX)

DisSP_T2_Z20FF

"

ZOFF_ILOAD_ARRAY (I_INDEX)

4,3.2 Interface Requirements

The input and output parameters for the prox1m1ty operations targetlng target
set select task are listed in tables 18 and 19.

4.3.3 Processing Reguirements

Perform once on call.

ity
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4.3.4 Initializatjon

None.
4.3.5 Supplemental Information
None.

4.4 PROXIMITY OPERATIONS TARGETING INITIALIZATION TASK (PROX_INIT)

This task performs conversions on the input data display buffer items and
stores the resulis in computational data buffers and I-load data buffers.

4.4.1 Detailed Reauirements

The following steps are required to peform the proximity operations targeting
initialization tasks.

a. Did crew request a change to the base time (PROX_ITEM_21T024_STATUS = ON) ?
If so, put the displayed base time into the computational buffer:

If PROX_ITEM_21T024_STATUS = ON and PROX_ITEM_2T020_STATUS = OFF, then set:
TIME_CONVERT_FLAG = 1

DAY = PROX_BASE_DAY

HR = PROX_BASE_HR

MIN = PROX_BASE_MIN

n

SEC = PROX_BASE_SEC
Call TIME_CONVRT; inputs: TIME_CONVERT_FLAG
DAY, HR, MIN, SEC
output: TIME_SEC
PROX_BASE_TIME = TIME SEC.
b. If PROX_JTEM_?TOEOQSTATUS is ON and PROX_ITEM_21T024_STATUS is OFF:
(1) Load the offset position and delta-~t computation buffers and I-load

buffers. The I-lcad buffers index value is determined by the selected
target set (I_INDEX = PROX_TGT_SET_NO}.

15




(2)

(3)

YOFF_ILOAD_ARRAY (I_INDEX)

TE8FM43

COMP_T2_XOFF .= D13P_T2 XOFF

COMP_T2_YOFF = D1SP_T2_ YOFF

1

COMP_T2_Z0FF = D1SP_T2_ZOFF
COMP_PROX_DT_ = DISP_PROX_DT
EL_ANG = DISP_EL_ANG PI/180

XOFF_ILOAD_ARRAY (I_INDEX) = DISP_T2_ XOFF

1

DISP_T2_YOFF

Z0FF_ILOAD_ARRAY (I_INDEX)

DISP_ T2 ZQFF

n

DT_ILOAD_ARRBAY (I_INDEX) = DISP_PROX_DT

EL_ILOAD_ARRAY (I_INDEX)

EL_ANG

Load the computation relative position and velocity.buffer-s.
COMP_X = DISP_T1_X

COMP_XD = DISP_T1_XD

Convert the display T1 time and display T2 time and load the
computation and I-load buffers. .

(a) Call the time conversion task (TIME_CONVRT) to convert display
T1 time to total seconds. " TIME_CONVRT detailed :requirements
are presented in section 4.13.
TIME_CONVERT FLAG = 1
DAY = DISP_T1_DAY
HR = DISP_T1_HR

MIN = DISP_T1_MIN |

SEC

DISP_T1_SEC
Call TIME_CONVRT; inputs: TIME_CONVERT FLAG,DAY, HR, MIN, SEC
) o out'put: TIME_SEG

(b) Load the - T1- fime-in_the computation and I-load buffers. Set
TIME_ PROX. T T

16
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T1_11G = TIME_SEC
T1_1LOAD_ARRAY (I_INDEX) = (TIME_SEG-PROX_BASE_TIME)/60.
TIME_PROX = T1_TIG
1_INDEX = PROX_TGT_SET_NO

(¢) Call the time conversion task (TIME_CONVRT) to convert
display T2 time to total seseconds,

DAY = DISP_T2_DAY
HR = DISP_T2_HR

MIN = DISP_T2_MIN

u

SEC

i

DISP_T2_SkC
Call TIME_CONVRT; inputs: TIME_CONVERT_FLAG, DAY, HR, MIN, SEC
output: TIME_SEC
(d) Load the T2 time in the computation array.
T2_T1G = TIME_SEC

44,2 Interface Requirements

The input and output parameters for the proximity operations targeting
initialization tasks are listed in tables 8 and 9.

4.4.3 Progessing feqiirements

Perform once on call.

h.4.4 Initialization

None.

4.4.5 Supnlemental Information

None.
ORIGINATL ﬁﬁéﬁ&%
OR POOR QUAL
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4,5 PROXIMITY OPERATIONS TARGETING GUIDANCE QUANTITY' TRANSFER TASK
(PRO}{ TRANS)
e

,|.'- LI

This task sets the quantities requlred to perform the maneuver.

The delta-v maneuver (called DELTA_ V LVLH GUID) is deflned in tﬂrms

TOFM43

of the

Orbiter-centered local vertical local horizontal (LVLH) coordinate system for

Lambert maneuvers (which have GUID_FLAG = 1) and is defined in terms of the tar-

get-centered LVLH curvilinear eoordlnate system, ntherW1Se.

4.5.1 Detailed Requirements

The following steps are required to perform the prbximit? eberations targeting

guidance quantity transfer task.
LI

a. Perform a logical test to see if the manéuver has been executed.
not been executed (PROX_ PAST _STATUS = OFF), then:

<2 (1) Sef"TIG_GUID DAY = -DISP_-__TMANL DAY e
T1G_GUID _HR = DISP_TMAN_HR::

T1G_GUID_MIN

t

DISP_TMAN: MEIN:+

TIG_GUID_SEC = DISP_TMAN_SEC

(2) Set DELTA_V_LVLH_GUID = DV_LVLH

Code.

(3) Test to see if the maneuver is a Lambert maneuver., lf 0

(GUID_FLAG = 1)y Bet' I ' " 3

S_ROTATE_GUID = S_BOTATE

R_OFFSET_GUID = R_OFFSET

T_OFFSET_GUID = T_QFFSET R

4,5,2 Interface Requirements

The input and output parameters for the proximity operations targetlng guldance

quantity transfer task are given in tables 14 and 15.

4.5.3 Processing Requirements

Perform once on call.

18
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3.5.4 Initialization

None.

4.5.5 Supplemental Information

None.

4.6 PROXIMITY OPERATIONS TARGETING SUPERVISORY LOGIC TASK (PROX_TGT_SUP)

This task is scheduled and executed following a crew execution of item 27 or
item 28 for a non-Lambert targeted maneuver. This task is the top-level super-
visory module for performing the subtask required to compute the maneuver
delta~velocity (delta-v) vector using closed form CW equations. A functional
flow of PROX_TGT _SUP is shown in figure 6.

4.6.1 Detailed Requirements
The following steps are required to perform the targeting supervisory logic.

a. 1s the USEmﬁlsR_REL_STATE flag off? 1If so, use navigated target and
Orbiter states and compute the LVLH curvilinear relative state:

R_T_INER = RT_M50_PROX
V_T_INER = VT_M50_PROX
R_S_INER = RS_MS0_PROX
V_S_INER = VS_MS0_PROX

INER_TO_LVC = ON
Call REL_COMP; inputs: R_T _INER, V_T_INER
R_S_INER, V_S_INER
INER_TO_LVC, OMEGA_PROX
outputs: R_REL, V_REL
COMP_X = R_REL
COMP_XD = V_REL
b. Compute the minumum time to ignition:

TIG_MIN = PROX_T_CURRENT + PROX_DTMIN

19
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¢. Did the crew request the compute T1 funection (PROXmEi_STRR_STATUS

(1) If not, compute the T2 maneuver:

(a)
(b)

(c)

If TIG_MIN > T2_TIG, set T2_TIG = TIG_MIN

Update the present relative state to T2_TIG:

.

X = COMP_X

XD = COMP_XD

DTIME = T2_TIG-TIME_PROX

Call REL_PRED; ihputs: X, XD, DIIME

outputs: §é,‘§ﬁ2
COMP_X = X2
COMP_XD = XD2
TIME_PROX = TIME_PROX + DTIME
Null the relative rate.

DV_LVLH = -COMP_XD

T_MAN = T2_TIG

(2) Otherwise, compute the T1 maneuver:

(a)

(b)

Compute the transfer time and T2_TIG.
Call DT_COMP; inputs: TI1_TIG, T2_TIG, COMP_PROX_DT
outputs: T2_TIG, CONP_PROX_DT

USE_OMEGA_DT

If TIG_MIN > T1_TIG, then:

(i)  Set TI_TIG = TIG_MIN

(1)  If USE_OMEGA_DT is off, set

COMP_PROX_DT = (T2_TIG ~T1_TIG)/60.

(iii) Set USE_DISP_REL_STATE = OFF

T8FMU3

= ON)?

ORIGINAL! PAGE: IS
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20




T8FMU3

(c) 1If USE_DISP_REL_STATE is off, then:
(i) Update the present relative state to TI1_TIG:
X = COMP_X

— e

XD = COMP_XD
DTIME = T1_TIG_TIME_PROX
Call REL_PRED; inputs: X, XD, DTIME
output: Eﬁ = Eba

COMP_X = X2
COMP_XD = XD2

(ii) Display the expected state at Ti_TIG.
DISP_T1_X = COMP_X

DISP_T1_XD = COMP_XD

(d) If USE_OMEGA_DT is on:

(i) Use the OMEGA_DT_COMP routine to compute the transfer
time.

Call OMEGA _DT _COMP;

(" COMP_X
COMP_T2_XOFF
COMP_T2_YOFF
COMP_T2_ZOFF
inputs:< XOFF__ILOAD_ARRAY
YOFF _ILOAD_ARBRAY
ZOFF _ILOAD_ARRAY

DT _ILOAD_ARRAY

\. OMEGA__PROX

output: COMP_PROX_DT

21
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(ii) Compute T2_TIG.
T2_TIG = TI_TIG + 60 COMP_PROX_DT
(e} Compute the Ti maneuvesr.
DT_OFFTGT = COMP_PROX_DT
X_OFFTGT = COMP_X
XD_OFFTGT = COMP_XD
- jaMP_Ta_XOFF
X2_OFFTGT ={COMP_T2_YOFF
{COMP_T2_ZOFF
Call OFFSET_TGT inputs: DT_OFFTGT
X_OFFTGT
XD_OFFTGT
X2_OFFTGT

—

output: DV
DV_LVLE = DV
T_MAN = T1_TIG

d. Set the guidance flag (GUID_FLAG) to zero.

4.6.2 Interface Reguirements

The input and output parameters for the proximity operations targeting super-
visory logic task are listed in tables 20 and 21.

4.6.3 Processing Requirements

Perform once on call.

4.6.4 Initialization

None.
4.6.5 Supplemental. lnformation
None.
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4.7 PROXIMITY OPERATIONS TARGETING SUPERVISORY LAMBERT LOGIC TASK
(PROX_TGT_SUP_LAMB)

Thi= task is scheduled and executed following a crew execution of item 27 or
item 28 if Lambert targeting is requested (PROX_TGT SET _NO < NLAMB). This task
is the top level supervisory module for performing the subtask required to com-
pute the maneuver delta-v vector with Lamberi equations, A functional fiow of
PROX_TGT_SUP_LAMB is shown in figure 7. :
4.7.1 Detailed Requirements
The following steps are required to compute maneuvers.
a. Compute minimum time to ignition.

TIG_MIN = PROX_T_CURRENT + PROX_DTMIN_LAMB
b. Check compute T1 flag:

(1) If PROX_Ti_STAR_STATUS = OFF, compute the T2 maneuver.

(a) If T2 TIG < TIG_MIN, set T2 _TIG = TIG_MIN

(b) Update Shuttle and target inertial states from the present
time to T2_TIG.

S_OPTION = 1

R_IN = RS_M50_PROX

V_IN = VS_M50_PROX

T_IN = TIME_PROX + BASE_MET

T_OUT = T2_TIG + BASE_MET
Call UPDATVP; inputs: S_OPTION, R_IN, V_IN, T_IN, T_OUT

outputs: E_OUT, ELDUT

R_S_INER = R_QUT; V_S_INER = V_OUT

S_OPTION

2

B RT_M50_PROX

{=r)
=
=
n

<=}
[ =)
=
H

VT_M50_PROX .
R ORIGINAT; PAGE, 1g
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Call UPDATVP:

R_T_INER = R_OUT

V_T_INER = V_QUT

(c) Convert to a target-centered curvilinear state.
INER_TO_LVC = ON
Call REL_COMP; inputs: R_T_INER, V_T_INER
R_S_INER, V_S_INER
INER_TO_LVC
outputs: R_REL, V_REL

(d} Null relative velocity. Determine maneuver time. Set guidance
flag for external DV.

DV_LVLH = -~V_REL
T_MAN = T2_TIG
GUID_FLAG = O.
(2) If PROX_Ti_STAR_STATUS = ON, compute the T1 maneuver.

(a) 1f elevation angle (EL_ANG) is £ 0, then determine T1 time
from elevation angle search:

(i) Compute time of elevation angle.'
Call TELEV; inputs: RS_M50_PROX

VS_M50_PROX
RT_M50_PROX
VT_M50_PROX
TIME_PROX,
EL_ANG,
PI

EL_TOL, EL_DH_TOL

2k




(ii)

(iii)

(iv)

outputs: TTPI,
RS_OUT, VS_OUT
RT_OUT, VT_OUT
TS_QUT, TT_OUT
T1_TIG = TTPI

Find relative state.

R_S_INER = RS_QUT
V_S_INER = V3_QUT
E_T_INER = RT_OUT
V_T_INER = VT_OUT

INER_TO_LVC = ON

Call REL_COMP;

COMP_X = R_REL

COMP_XD = V_REL
Display relative state.
DISP_T1_X = R_REL
DISP_T1_XD = V_REL

Change base time in display and compubtational
buffer; change l1-loazd.

T1_ILOAD_ARRAY (PROX__TGT_SET_NO) = O.

PROX _BASE_TIME = T1_TIG

TIME_CONVERT_FLAG = O

TIME_SEC = T1_TIiG

Call TIME _CONVRT; inputs: TIME_CONVERT_FLAG
TIME_SEC

outputs: DAY, HR, MIN, SEC

25
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(b)

78FMY 3
PROX_BASE_DAY = DAY
PRUX_BASE_HR = HR

PROX _BASE_MIN

MIN

PROX_BASE_SEC

"

SEC

If elevation angle (EL_ANG) = 0, use the 71 time given for
the maneuver time.

(i}

(i1)

(iii)

Given T1_TIG, compute T2 _TIG and/or COMP_PROX_DT.
Call DT_COMP; inputs: T1_TIG, T2_IIG, COMP_PROX_DT
outputs: T2_TIG, COMP_PROX_DT
USE_OMEGA_DT

Compare to the minimum time of ignition (TIG_MIN).
If T1I_TIG <« TIG_MIN:

(aa) Set TI1_TIG = TIG_MIN.

(bb) Check the USE_OMEGA_DT. If it is off, then
the maneuver transfer time will be adjusted
50 that the next maneuver will be on time.
COMP_PROX DT = (T2_TIG-T1_TIG)/60

(ce) Set the USE_DISP_REL_STATE flag to off.

Update the target state to T1_TIG:

S_OPTION = 2

R_IN = RT_M50_PROX

V_IN = VT_M50_PROX

T_IN = TIME_PROX + BASE_MET

T_OUT = T1_TIG + BASE_MET
Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT,
S_OPTION

ocutputs: E“OUT, E_OUT

(RIGINAT! PAGE I
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R_T_INER = R.OUT
V_T_INER = V_OUT
RT_TITIG = R_OUT
VT_T1TIG = V_OUT

Check the USE_DiSP_REL_STATE flag.

(aa).

{bb)

1f USE_DISP_REL_STATE is on, compute the Shuttle
inertial state at T1.

INER._TO_LVC = OFF

T -

B_REL = COMP_X

V_REL = COMP_XD

Call REL_COMP inputs: R_REL, V_REL, INER_TO_LVC
" R_T_INER, V_T_INER
'outputs: EL;L;NER
V_S_INER

RS_T1TIG = R_S_INER

VS_T1TIG = V_S_INER

ir USE_DiSP“REL_STATE is off, update the present
Shuttle states to T1 _TIG, convert to curvilinear
coordinates and display:

(aaa) Update the Shuttle inertial state.

S_OPTION = 1
F_IN = RS_M50_PROX
V_IN = VS_M50_FROX

Call UPDATVP

RS_TITIG = R_OUT

VS_TITIG = V_OUT

i}
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(bbb) Convert to LVLH curvilinear coodinates.

INER_TO_LVC = ON
Call REL_COMP;
inputs: R_T_INER, V_T_INER

| R_S_INER, V_S_INER

INER_TO_LVC

outputs: R_REL, V_REL

(cce} Load the computation buffers at TI1_TIG
for possible use in OMEGA_DT_COMP later.

COMP_X = R_REL
COMP_XD = V_REL
(ddd) Load the display buffers at T1_TIG.
DISP_T1_X = R_REL
DISP_T1_XD = V_REL

Compute T2_TIG and COMP.PROX_DT from the T1_TIG being
used.

Call DT_COMP; inputs: Ti_TiG, T2 _TiG, COMP_PROX DT
outputs: T2_TIG, COMP_PROX_DT,
USE_OMEGA_DT
Check the USE_OMEGA_DT flag. If it is on, there is
insufficient information to determine T2 _TIG and COMP_
PROX_DT. Compute this information instead by use of
the ",t-calculation."
(i) Compute the transfer time.
Call OMEGA_DT_COMP.
inputs: COMPﬁE
COMP_T2_XOFF

COMP_T2__YOFF

COMP_T2_Z0FF ORIGINAY BAGH ¥
OF POOR QUALFLY
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XOFF_ILOAD_ARRAY (PROX_TGT_SET_NO + 1)
YOFF_ILOAD_ARRAY (PROX_TGT _SET _NO + 1}
ZOFF_ILOAD_ARRAY (PROX_TGT_SET_NO + 1)
DT_ILOAD_ARRAY (PRGX_TGT_SET NO + 1)
OMEGA_PROX

output: COMP_PROX_ DT

(ii) Compute T2_T1G:
T2_TiG = T1_TIG + 60 COMP_FROX_DT

Update the target inertial state from T1_TIG.

S_OPTION = 2

R_IN = R_T_INER

V_IN = V_T_INER

T_IN = T1_TIG + BASE_MET

T_QUT = T2_TIG + BASE_MET
Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT
outputs: ‘E_DUT, ELDUT

R_T_INER = R_OUT

V_T_INER = V_OUT

Compute the Shuttle inertial state at T2.
GOMP_T2_XOFF
R_REL ={COMP_T2_YOFF
COMP_T2_ZOFF
INER_TO_LVC = OFF
Call REL_COMP; inputs: R_T_INER, V.T_INER, R_REL
INER_TO_LVC

output: R_S_INER

29
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RS_T2TIG = R_S_INER

Do the Lambert problem using the precision velocity required
routine.

Call PREVR; inputs: TI_TIG, T2_TIG, RS_TITIG, VS_T1TIG,
RS_T2TIG
output: VS_REQUIRED
RS_IPO
R_OFFSET, T_OFFSET
S_ROTATE

Compute the LVLH Shuttle-centered relative state at T1
before the maneuver.

RS = RS_T1TIG
VS = VS_T1TIG
RT = RT_T1TIG
VT = VI_T1TIG

Call ORBLV; inputs: RS, VS, RT, VT
output: VSLV
V_LVLH = VSLV

Compute the LVLH Shuttle-centered relative staie at
T1 after the impulsive maneuver.

sy

VS = VS_REQUIRED

Call ORBLV; saputs: &S, VS, RT, V7
output: VSLV

Compute the LVLH Shuttle-centered maneuver required at Tt.

DV_LVLH = VSLV-V_LVLH | |

T_MaN = TI1_TIG

ORIGINAL, PAGE IS

GUID_FLAG = 1 OF POCR QUALITY]
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4.7.2 Interface Requirements

The input and output parameters for the proximity operations targeting supervi-
sory Lambert logic task are listed in tables 22 and 23.

4.7.3 Erocessing Requirements

Perform once per call.

4.7.4  Initialization

None.

4.7.5 Supplemental Information

None.

4.8 PROXIMITY OPERATIONS TARGETING START TIMER TASK (PROX_STIME)

This taslc sets the display time to count down to.

4.8.1 Detailed Requirements
The following steps are required to perform this task.

a. Perform a test to see if the maneuver has been executed (PROX_?AST“STATUS =
ON).

(1) 1If PROX_PAST_STATUS = ON, set CRT_TIME = OFF.

(2) If PROX_PAST_STATUS = OFF, calculate the delta-t between the current
time and the maneuver time and set the cathode-ray tube (GRT) timer sta-
tus flags:

(a) If current time is GMT (TM_IND = OFF), set
DT_ST_TIMER = T_MAN + BASE_MET-T_ CURRENT

(b) If current time is MET (TM_IND = ON), set
DT_ST_TIMER = T_MAN-T_CURRENT

(c)  Set the CRT timer status flags:
CRT_TIME = ON

CRT_UPDWN = ON
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4.8.2 Interface Reguirements

The input and output parameters for the proximity operatlons targeting .start
time task are listed in tables 12 and 13.
4.8.3 Processing Requirements

Perform once on call.

4.8.4 Initialization

None.

4.8.5 Supplemental Information

None.

4,9 MANEUVER TQO OFFSET TARGETING TASK (OFFSET_TGT)

This task computes a LVLH maneuver delta-v vector to achieve the desired
offset position in the specified delta-t.

4.9.1 Detailed Hequirements

The following steps are required to perform the maneuver to offset targetlng
task. ‘ .

a. Compute the T1 maneuver delta-v vector:
W = OMEGA_PROX
T = 60 DT_OFFTGT

S = SIN (W T) ORIGINAL PAGE IS

| OR POOR. QUALITY)
C=C0S (WT)
c1 = 1-C

= W/(8-8C~35 W T)

-KS 0 K (14C1-6WTS) XS 0 —2KC1
MaT = | 0 —Cu/S 0 0 W/s 0
-2KC1 0 K (3CHT-4S) 2KC1 0 K (4S-34T)
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X_OFFTGT

STATE{ 5 3
STATEy 5,6 = %2.OFFIGT
V_T1_NEED = MAT STATE

—

DV = V_TI1_NEED - XD_OFFTGT

4,9.2 Interface Requirements

The input and output parameters for the maneuver to offset targeting task
are listed in tables 24 and 25.

4,9,3 Progessing Requirements

Perform once on call,

4.9.% lnitialization

None.

4,9.5 Supplemental Information

None.

4.10 RELATIVE STATE PREDICTOR TASK (REL_PRED)

This task propagates a target-centered LVLH relative rotating curvilinear

vector. The algorithm is closed form and utilizes several simplifying
assumptions.

4.10.1 Detaj i t

The following are the steps required to perform the relative state predictor
tasks.

a. Find transformation matrix to predict the new state at time t, from
the state at tq.

W = OMEGA_PROX
T = DTIME
S =S8IN (W T
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= COS (W T)
C1l = 1-C
MAT_PRED = | 1 0 6WT-6S 43/4~37 0 2 C1/WT
0 c 0 0 S/W 0
0 0 4-3C ~2 C1/M 0 an
0 0 6W C1 4c-3 0 2s
0 -Ws 0 0 c 0 .
L0 0 3 WS -25 0 C |

b. Use predictor matrix to get new relative state at T».
X

——

XD

gTATE11,2’3

STATE1y 5.6
STATE2 = MAT_PRED STATE!
X2 = SMTE2; 5 g

XD2 = STATEZy 5 6

4.10.2 [Interfage Reauirements

The input and output parameters for the relative state predictor task are o
listed in tables 26 and 27.

4.10.3 Processing Reauirements

Perform once on call.

%.10.4 Initialization

None.

4.10.5 Supnlemental Information

None.

4,11 RELATIVE STATE COMPUTE TASK (REL_COMP)

This task computes the state of the Orbiter in a target-centered loeal vertical

rotating curvilinear (LVC) coordinate system using the Earth-centered inertial

(M50) states of the Orbiter and the target, or performs the reverse transforma-

tion, depending on_an input flag. o
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§.11.1 Detajled Requirvements

The following steps are required to perform this task.

a.

b.

Find RT_MAG: RT_MAG = mag(R T_INER}

Compute the transformation matrix from M50 inertial frame to the local
vertical inertial rectangular (LVIR) coordinate frame:

MAT_MS0_LVIR = | unit ((R_T_INER X V_T_INER) X R_T_iNER)T
—unit (R_T_INER X V_T_INER)T
—unit (R_T_INER)T

Determine the orbital angular rate vector in LVLH coodinates:

- 0
OMEGA_LV_PROX = OMEGA_PROX (“1)
0

Determine if the transformation to be done is from inertial M50
coordinates to the LV curvilinear target-centered coordinates
(LVC), i.e. INER_TO_LVC =

(1) 1If INER_TO_LVC = ON:

(a) Compute the relative M50 state of the Orbiter with respect
to the target. .

RIS_M50

R_S_INER-R_T_INER

VIS_M50 = V_S_INER-V_T_INER

1]

{b) Convert these states to a target-centered LVIR coordinate frame:

RTS_LVIR = MAT_M50_LVIR RTS_M50

FTS_LVIR MAT_M50_LVIR FTS_MSO

(ec) Convert the LVIR relative states to a target-centered LV rotating
rectangular coordinate frame.

RTS_LV = RIS_LVIR

VIS LV = VIS_LVIR -(OMEGA_LV_PROX_ X RTS_LVIR)

(d) Convert the LV relative states to a target-centered local vertloal
rotating curvilinear coordinate f{rame.

2CON = RT_MAG-RTS_LV3

35




T8FMU3

THETA = ATAN (EfsﬂLv1/zcom)
[RT_MAG THETA
B_REL = |RTS_LV,

RT_MAG-ZCON/COS ( THETA)
THETA_DOT = COS2 (THETAY(VIS_LV, ZCON + RIS_LV; VIS_LV3)/(ZCON)2
 [RT_MAG THETA_DOT

V_REL = | VIS_LV,

*(GTS_LV3 - ZCON THETA_DOT TAN(THETA)) /COS(THETA)

(2) 1r IﬁEﬁﬂio_LVC = OFF, convert from target—centered curvilinear
coordinates to MH0 inertial coordinates.

(a)

(b}

{c)

(d)

RTS_LVIR

Compute internal variables.

THETA = R_RELq/ RT_MAG

THETA_DOT = V_REL, / RT_MAG

ZCON = RT_MAG - R_RELg

Convert to LV target-centered rotating fectangular coordinates.
/ZCON SIN(THETA)

RTS_LV

=| R REL,
RT_MAG - ZCON COS (THETA)
2CON THETA_DOT COS (THETA)
-V RELg SIN (THETA)
VIS_LV & V REL, |

RTS_LV, THETA_DOT + V_RELg COS (THETA)
Convert from the LV frame to a target-centered LVIR frame.

RTS_LV

VIS_LVIR

VTS_LV + OMEGA'LV_PROX X RTS_LVIR

Convert from LVIR coordinates to an inertial frame relative
to the target.

GE 1%
ORIGINAL: PAGE °
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RTS M50 = [MAT_M50_LVIR] T RTS_LVIR
VIS M50 = [MAT_MSO_LVIR] T VIS_LVIR

{e) Compute the Shuttle inertial M50 coordinate.

R_S_INER = R_T_INER + RTS_M50

H

V_S_INER = V_T_INER + VIS_M50

4.11.2 Inpterface Requirements

The input and output parameters for the relative state compute task are given
in tables 28 and 29.

4,11.3 Processing Requirements

Perform once on call.

4.11.4 Initialization

None.

4.11.5 Supplemental lnformation

None.

4,12 PROXIMITY OPERATI.JNS TARGETING OUTPUT DISPLAY LOAD TASK (PROX_DISP_LOAD)
This task loads the output display buffers with data from the computational
burfers once a compute item 27 or item 28 is complete.

4.12.1 Detailed Reouirements

The following steps are required to perform the proximity operations targeting
output display load task.

a. Display the maneuver.

t

MAN_TGT = PROX_TGT_SET_NO

I

DISP_DV = DV_LVLH

DISP_DV_MAG = MAG (DV_LVLH)

37
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b. Convert the T1_TIG and T2 _TIG times to days, hours, minutes and seconds
‘ising the time conversion task.j_ e e e

(1) TIME_SEC = T1_TIG
TIME_,CONVERT,FLAG =0
Call TIME_CONVRT; inputs: TIME CONVERT. FLAG, TIME.SEC
outputs: DAY, HR, MIN, SEC
DISP_T1_DAY = DAY
DISP_T1_HR = HR

MIN

DISP_T1_MIN

[}

DISP_T1_SEC = SEC
(2) TIME_SEC = T2_TIG
Call TIME_CONVRT; inputs: TIME_CONVERT_FLAG, TIME_SEC
outputs: DAY, HR, MIN, SEC
DISP_T2_DAY = DAY
DISP_T2 HR = HR

DISP_T2_MIN

MIN

"

DISP_T2_SEC = SEC

C. Display‘the transfer time.

DISP_PROX_DT = COMP_PROX_DT .

; d. Display the maneuver time.

;: (1) 1f T_MAN = T1_TIG, set:
D1sSP_ TMAN ~TIME = T1_TIG ..
DISP_TMAN_DAY = DISP_T1_DAY

:
i
t DISP_TMAN_HR = DISP_TI1_HR

1

DISP_TMAN_MIN = DISP_T1_MIN

DISP_TMAN_SEC

DISP_T1_SEC | . S GD 13 |
. ) gxﬁfﬁk ,
on ROOR QU mﬁ
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(2) If T_MAN = T2_TIG, set:
DISP_TMAN_TIME = T2_TIG
DISP_TMAN_DAY = DISP_T2_DAY
DISP_TMAN_HR = DISP_T2_HR

DISP_TMAN_MIN = DISP_T2_MIN

It

DISP_TMAN_SEC = DISP_T2_SEC

4.12.2 Ipterface Requirements

The input and output parameters for the proximity operations targeting output
display load task are listed in tables 10 and 1t.

4.12.3 Processing Requirements

Perform once on call.

4.12.4 Ipitialization

None.

4,12.5 Supplemental Information

4,13 TIME CONVERSION TASK (TIME_CONVRT)

This task computes total time in seconds (given days, hours, minutes, and sec-
onds and computes days, hours, minutes, and seconds (given total time in
seconds).

4.,13.1 Detai R j ts
The following steps are required to perform the time conversion tasks.

a. Perform z logical test to determine if the time is to be computed in seconds
or days, hours, minutes, and seconds.

(1) If total time is to be computed in seconds
(TIME_CONVERT_FLAG = 1), set

TIME _SEC = 86400 DAY + 3600 HR + 60 MIN + SEC

39
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(2) If time is to be computed in days, hours, minutes,; and seconds
(TIME_CONVERT_FLAG = 0), set
DAY = truncate (TIME SEC/86400)
HR = truncate (TIME_SEC - 86400 DAY)/3600

MIN = truncate (TIME SEC - 86400 DAY - 3600 HR)/60

n

SEC = TIME SEC - 86400 DAY - 3600 HR-60 MIN

4.13.2 Interface Requirements

The input and output parameters for the time conversion task are listed in
tables 30 and 31.

4.13.3 Processing Requirements

Perform once per czll.

4,13.4 Initialization

None.

4,13.5 Supplemental Information

None.

ORIGINAL PAGE IS
OF. POOR QUALITY,
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4,14 DELTA-T COMPUTE TASK (DT_COMP)

The de=lta-t compute task is called to determine. the transfer time and/or the ma-
neuver time of the second of two impulse maneuvers.

”;14-1 Detailed Requirements

The following steps are required to perform this task.
a. Set the USE_OMEGA_DT flag to off.

b. Check the transfer time (COMP_PROX_DT}:

1f COMP_PROX_DT{ <0, set USE_OMEGA_DT = ON

>0, set T2_TIG = T1_TIG + 60 COMP_PROX DT }
= 0, set COMP_PROX_DT = (T2_TIG ~ T1_TIG)/60

4.13.2 1lnterface Requirements

The input and output parameters for the delta-t compute task are given in tables
32 and 33.

4.14.35 Processing Requirements

Perform once on call.

4.14.8  ipgitialization

None.
4.14.5 Supplemental Information
None.

4,175  OMEGA-DT CALCULATICN TASK (OMEGA_DT_COMP)

This task is called when the given transfer time and T2 TIG are zero. This task
calculates the transfer time needed to go from the TI_TIG state to the T2_TIG
state such that the T2_TIG maneuver is perpendicular to the line of sight and
intercepts the next target point at the appropriate time.
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4.15.1 Detailed Reguirements

The following steps ars required to perform the omega-dt calculation task.

Ba

Find the veloeity required at the displayed T2 time to intercept the next
target set.

DT_OFFTGT = DT_ILOAD_ARRAY (PROX_TGT_SET_NO + 1)
COMP_T2_XOFF
X_OFFTGT =| COMP_T2_YOFF
COMP_T2_ZOFF
XD_OFFTGT = (0,0,0)
/XOFF_ILOAD_ARRAY (PROX_TGT SET_NO + 1)\
X2_OFFTGT = IOFF_ILOAD_AM (PROX_TGT_SET NG + 1)
ZOFF_ILOAD ARRAY (PROX_TGE_SET NO + 1)
Call OFFSEI_TGT; inputs: OMEGA_PROX, DT_OFFTGT, X_OFFTGT,
XD_OFFTGT, X2_OFFIGT

output: DV

Define internal variables.

XD1 = DV,
YD1 = DV,
ZD1 = DVj

W = OMEGA_PROX

X0 = COMP_X;

¥0 = COMP_X

Z0 = COMP_Xs

X1 = COMP_T2_XOFF

¥1 = COMP_T2_YOFF

21 = COMP_T2 Z0FF

X2 = X2_OFFTGT; ORIGINAT! PAGE 1S

OF POOR QUALITY,
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X2_0FFTGT,

i

1]

X2_OFFTGT 3

ALPHA = (X1 XD1 + Y1 YD1 + 21 ZD1)/W

A = B ALPHA -12 X1 Z1 -2X0 Z1 + 241 20
B=-4

C = X0 X1 - X1 X1 + 420 27 -4 21 21 + 8 YO Y1
D = 3(Y1#%¥2 4 Z1¥#%2)

E = -3 ALPHA + 6 X1 21

F=8Y1(¥0 + Y1)

G = -8 ¥0 Y1

H= -3 %Y Y1

I=-37%1 Y1

Jd=-8Y¥1 11

L = =3 20 21

M= -8 YO Y1

Set up Newton~Raphson iteration.

1 =0

ICMAX = 10

DEL_X_TOL = 0

X_IND = -60 COMP_PROX_DT

DEL_X_GUESS

Do until IC » ICMAX or ABS (X_IND-X_IND_PRIME) < 0.5:

T =

COS

SIN

TAN

100

W X_IND

Cos (T)

SIN (T)

SIN/COS

43
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X DEP = A+ B COS + C SIN + DT COS + ET SIN + F COS/TAN + G COS COS/TAN
+ HT COS COS + I T SIN SIN + J/TAN + LT + M COS SIN
Call ITERV; inputs: IC, X_DEP, X_IND

X_DEP_PRIME, X_IND_PRIME

DEL_X_GUESS, ICMAX, DEL_X TOL

outputs: IC, X_IND, X_DEP_PRIME
X_IND_PRIME, SFAIL
e. Compute the transfer time (COMP_PROX_DT)

COMP_PROX_DT = X_IND/60

4.15.2 Interface Reguirements

The input and oﬁtpub parameters for the omega~dit calculation task are given in
tables 34 and 35. :

4.15.3 Progessing Requirements

Perform once on call.

4.15.4 Initialization

None.
GE 1
L, PAGE ©
k,15.5 Subpplemental Information 18) %?;O& QU AL}TX-

None.

4,16 ELEVATION ANGLE SEARCH TASK (YELEV)

The elevation angle ssarch task determines the time a desired elevation angle
exists between the Shuttle and the target.

4.16.1 Detailed Reauirements

The following steps are required in the iteration logic to determine the time 2
desired elevation angle exists between the Shuttle and the target.

by
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Set the iteration counter to zero, and initialize the prev1ous pass dlffer—
gntial altitude indlcator to indicate 1ncon51stency

Advance both the Shuttle and the target to first-guess time where the
desired elevation angle should exist. The advancement is performed in two
calls to the state vector update task (sec. 4.21), with inputs of vehicle
position and velocity vectors, first-guess time. The outputs are the vehi-
cle position and velocity vectors, and time at the first-guess‘time.

. Update Shuttle state:

S OPTION = 1

5 RS_M50_PROX

=~}
(o)
=
1]

- VS_M50_PROX

=
=1
=
n

i
=
=
n

TIME_PROX + BASE_MET »
T_OUT = 60. T1_ILOAD_ARRAY (PROX_TGT_SET_NO) + BASE_MET
Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT

outputs: R_OUT, V_OUT

RS_OUT = R_OUT
VS_OUT = V_OUT
TS_OUT = T_QUT

Update target state:

S_OPTION = 2
R_IN = RT_M50_PROX

VT_M50_PROX

<}
—
=
i

Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT .

.z P o , , S
cutputs: R_OUT, V_OUT : 5 GINP@ pAGE T

RT_OUT = R_OUT ST s QRBOP

VT _OUT = V_QUT

TT_OUT

T_0UT
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Perform an iteration to find a time for which the desired elevation angle
and the delta-h at that line are consistent (- DELTA_H¥ (ELANG-PI) > 0).
Execute the following code while the maximum number of iterations has not
been reached (1C g ICMAX) and while the delta-h and elevation angle are
inconsistent (NW = 0). (NOTE: Initially NN = 0, thus the loop will be
entered at least once.)

(1)

(2)

Calculate the differential altitude:

DELTA_H = |RT_OUT, - |BS_OUT |

Test for oconsistency between the calculated delta-h and the desired
elevation angle.

(a}

(b)

1f the elevation angle and differential altitude are consistent,
set the differential altitude consistency indicator to indicate
consistency.

1f -DELTA_H (EL_ANG -~ PI) » 0, then

NN = 1
If they are not consistent, compute a dependent variable (ERR_DH)
with the differential altitude and incompatibility tolerance
(EL_DH_TOL).
If -DELTA_H (EL_ANG - P1) < 0, then
ERR_DH = DELTA_R + EL_DH_TOL SIGN{DELTA_H)
Calculate the new guess at the time of consistency and advance the
Shuttle and target to the time. This is performed in the elevation
angle iterator tzsk (sec. U4.19), with inputs of Shuttle position
and velocity vectors, iteration counter, error in the elevation
angle, current TPI time, previous error, and previous time. The
outputs are the Shuttle and target position and veloecity vectors,
time, iteration counter, the new time, the new values of the
previous error and time, and an error flag.
ERR = ERR_DH
ERR_PRIME = ERR_DH_PRIME
Inputs/outputs for the elevation angle iteration (ELITER) task are:
Inputs: RS_OUT, VS_OUT, RT_OUT, VT_OUT,

1C, ERR, TTIPI, ERR_PRIME,

TTPI_PRIME
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Outputs: RS_OUT, VS_OUT, TS_OUT, RT_OUT, VT_OUT
TT_OUT, IC, TTPI, ERR_PRIME, TTPI_PRIME
ALARM

ERR_DH_PRIME = ERR_PRIME

Determine the time that the desired elevation angle exists. Test to see
if the delta-h iteration has failed (i.e., the consistency flag, NN, is
still set to zero). _ '

(1}

(2)

If the delta-h iteration has failed (i.e., the consistency flag is
set to OFF, NN = 0), then exit the routine, since there will be no
time for which the desired elevation angle will exist.

If the consistency flag is set to ON (NN = 1), then find the time of
elevation angle.

(a)

Update Shuttle state:

If iterations have occurred (IC # 0), compute a TPI time in the
direction of the direction of difference between the current and
previous TPI time and set iteration counter (IC) to zero. This
is done to ensure that the first two iterations are consistent.

TIPI. = TTPI + 10 SIGN (TTPI - TTPI_PRIME)

IC =20

Advance both the Shuttle and target to the time of TPI. This is
performed by two calls to the state vector update task, with inputs
of Shuttle and target positions and velocity vectors, time, and TPI
time. The outputs are position and veloecity vectors, and time.

N . - . ls
S_OPTION = 1 (ﬂxﬂgnqu,?pgmﬁ
B = ;nm}ﬂagmgﬁagéiﬂiﬁﬂ
R_IN = RS_QUT ‘
V_IN = VS_OUT
T_IN = TTPI_PRIME + BASE_MET )

R

T_OUT = TTP1 + BASE_MET
Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT
outputs: E;DUT,‘E_bUT

RS_OUT = R_OUT
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VS_OUT = V_OUT
TS_OUT = T_QUT

Update target state:
S.OPTION = 2

_IN = RT_OUT

=]
-1
=
[14

VT_OUT

L
bt}
=
Y

Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT

outputs: R_OUT, V_QUT

RT_OUT = R_OUT
VT_OUT = V_OUT
TT_OUT = T_OUT

Perform an iteration to fipd the time of elevation angle. Execute
the following code as long as the maximum number of iterations has
not been reached and the current grror i8 larger than the tolerance,
or while the number of iterations is equal to zero. (This condition
forces at least one iteration.) The condition for iteration is

[(ERR_EL 2 EL_TOL) and (IC < ICMAX)] or (IC # 0)

(1) Calculate the elevation angle that currently exists between the
two vehicles. The calculations are performed in the elevation
angle computation task (seec. 4.18), with inputs of the Shuttle
position and velocity vectors, and target position vector. The
output is the elevation angle.

RS_COM = RS_OUT
VS_COM = VS_OUT
RT_COM = RT_OUT

Call COMELE; inputs: RS_COM, VS_COM, RT_COM
outputa: EL_ANG_COM

(11) calculate the difference between the desired and computed
elevation angles:

ERR_EL = EL_ANG_EL_ANG_COM
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Calculate the new guess at the time of TPI and advance the
Shuttle and target to the time. This is performed in the
elevation angle iterator task (sec. 4.19), with inputs of
Shuttle position and velocity vectors, iteration counter,
error in the elevation angle, current TP1 time, previous
error, and TPI time. The outputs are the Shuttle and
target positions and velocity vectors, time, iteration
counter, new TPI time, new values of the previous error
and TPI time, and an error flag. '
ERR = ERR_EL
ERR_PRIME = ERR_EL_PRIME

Inputs/outputs for the elevation angle iteration task
{ELITER) are:

Inputs: BS_OUT, VS_OUT, RT_OUT, VI_OUT, IC,
ERR, TTPI, ERR_PRIME, TTPI_PRIME

Outputs: RS_OUT, VS_OUT, TS_OUT, RT_OUT, YT_OUT,
TT_OUT, IC, TTFI, ERR_PRIME, TTPI_PRIME,
ALARM

ERR_EL_PRIME = ERR_PRIME
4.16.2 Interfage Requirements

The input and output parameters for the elevation angle search task are given in
tables 36 and 37.

4.16.3 Processing Requirements

Perform once on call.

B.16.4  Initializabion

None.. , . ' '
4.16.5 Supplemental Information
None.
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4,17 PREC1IS1ON-REQUIRED VELOCITY TASK (PREVR)
The precision-required velocity task computes the pbecision velocity-required to
satisfy both terminal position and time of flight constraints (Lambert problem).
4.17.1 Detailed Requirements

The following steps are required to compute the velocity that satisfies the
Lambert problem constraints.

a. Set or initialize variables thkat are used in the iteration to find the
required velocity:

DEL_T_TRAN = T2_TIG - T1_TIG

R_OFFSET = RS_T2TIG
T_OFFSET = T2_TIG
N=0

VG = 0

VG_MAG = 0

ALPHA = 2/|RS_T1TIG| - (VS_T1T1G - VS_T1TIG)/EARTH_MU

ORB_RATE = ALPHA (ALPHA EARTH_MU)-S

S_ROTATE = 1

UN_REF = UNIT (RS_T1TIG X VS_T1TIG) ORIGINAL PAGE IS
- - OF POOR, QUALITY|
RS_REF = RS_T1TIG

ACC = THRUST G/uWS

b. Perform the iteration to compute the required veloecity. Continue until the
miss distance between the Shuttle position vector at the terminal time is
within a tolerance (|JR_MISS| < R_TOL), and a minimum number of iterations
are achieved (N > N_MIN), or the alarm flag is set (ALARM > 0).

(1) Increase the iteration counter by one and set the initial position
offset vector to the Shuttle position vector:

HN=N+1
RS_IPO = RS_REF

(2) Perform a logical test to determine if the transfer angle is near 1809,
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(a) If the transfer angle is not near 1800 (S_ROTATE #0), calculate

the transfer plane vector and _the transfer angle before and after
the burn:

———

UN = RS_IPO X R_OFFSET

S_ROTATE = SIGN (UN N REF)

SBETA = 8_] ROTATE |HN|
(BN
CBETA = RS_IPO . R_OFFSET
BBEF = PI + ARCTAN2 (-~SBETA, -CBETA)

BAFT

BBEF - ORB_RATE VG_MAG/ACC

(b) Perform a logical test to determine if the transfer angle {before
and -~“ter) the burn is not near 1809.

(i) If the transfer angle is not near 180° (BBEF < PI ~ CONE or
BAFT > PI + CONE), calculate the transfer plane:

—

UN = UN!SBET&

(ii} If the transfer angle is near 180o (BBEF > PI - CONE and
BAFT < PI + CONE), set the iteration counter to zero, set
the transfer plane equal to the Shuttle orbital - plane, =et
the projection flag to zero, and project the offset posi-

tion vector into the transfer plane:
- N =0

S_ROTATE = 0

UN = UN_REF

R_OPFSET = R_OFFSET - (R_OFFSET - ~UN) UN
Calculate the required velocity vector, which with the position
vector will pass through the desired target vector at the desired
time. The caleculations for the required velocity vector are in
the Lambert conic veloeity-required task (seé. 4.20) with inputs

of the initial position offset vector, the desired target offset

vector, the transfer plane vector, and the transfer time. The outputs
are the required veloecity vector and an alarm or.error flag.

Inputs/outputs .for .the Lambert con1c-ve1001ty—requ1red task (LAMBERT)
are:

Inputs: RS_IPO, R_OFFSET, UN, DEL_T TRAN:

Outputs: ﬁéﬁﬁEQUIRED, ALARM
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Calculate the velocity-to~be-gained vector and magnitude:
Ve = VS_REQUIRED - VS T1TiG
VG_MAG = |VG|

Advance the Shuttle state vector to the terminal point by a call to the
state vector update task (sec. 4.21), with inputs of the state vector
time, update option flag, terminal point time. The output is the state
vector at terminal point tinme.

S_OPTION = 1

R_IN = RS_IPO

V_IN = VS_REQUIRED

T_IN = T1_TIG + BASE_MET

T_OUT = T2_TIG + BASE_MET
Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT, S_OPTION

outputs: R_OUT, V_OUT

RS_TERMINAL = R_OUT
VS_TERMINAL = V_OUT

Compute the miss-distance vector between the Shuttle position vector
and the desired position vector at the terminal point:

R_MISS = RS_TERMINAL ~ RS_T2TIG

Perform a logic test to determine if the transfer angle is near 1800°.
If it is (S_ROTATE = 0), compute the miss as a projection into the ac-
tual transfer plane:

R_MISS = R_MISS - (R_MISS + UN) UN

Calculate the offset position vector that the required velocity calcu-
lations are based on. Increment the iteration counter:

R_OFFSET = R_OFFEST - R_MISS

Perform a logic test to determine if the maximum number of iterations
were exceeded.

If N > NMAX, then ALARM = 6

ORIGINAL PAGE IS
O POOR QUALIEX
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4.17.2 linterface Hequirements

The input and output parameters for the precision-required velocity task are
given in tables 30 and 39.

4.17.5 Processine Beguirements

Perform once on call.

4.17.4 Initialization

None.
4.17.5 Suoplemental Information
None.

4,18 ELEVATION ANGLE COMPUTATION TASK (COMELE)

The elevation angle compubtation task computes the elevation angle between one
vehicle position vector and another vehicle position vector. The elevation is
defined as the angle measured from the local horigontal plane of the Shuttle
to the line of sight of the target. . .

4.18.1 Detailed Requirements

The following steps are required to calculate the elevation angle between one
vehicle position vector and another vehicle position vector.

a. Calculate intermediate variables used in the elevation angle computation:

A = RS_COM * RS_COM
B = RS_COM - RT_COM
C = RT_COM - RT_COM
D = RS_COM - VS_COM
E = RT_COM - VS_COM

b. Calculate the elevation angle between two position vectors (ﬁﬁﬁpﬂM AND
RT_COM):

1f (4 C - B2) < 0, then EL_ANG_COM = I + [SIGN (A-C)] [/2, otherwise
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BL_ANG_COM = PI 4 ARCTAN2 (A - B, [SIGN (B D - &4 E)I(4 ¢ - B2)1/2)
1f EL_ANG_COM = 2 ‘PI, reset EL_ANG_COM = 0

4.18.2 Interface Reauirementa

The input and outpuf parameters for'the elevation angle computation task are
given in tables 40 and U1.

4.18.3 Progessine Requirements

Perform once on call.

4.18.4 initialization

None.

4.18.5 Supplementzl Information

None.

4,19 ELEVATION ANGLE ITERATION TASK (ELITER)

The elevation angle iterator task computes the time of TPL and updates the Shut-
tle and target to this time.

%.19.1 Degtailed Reauirements

The following steps are required in the computation and the advancement of the
Shuttle and target to the time of the TPI maneuver.

a. Calculate the new guess at the time of TP1. This is performed in the
Newton-Raphson iteration task (sec. %.22), with inputs of iteration counter,
current error in the elevation angle, current TPI time, previous error, and
TPl time. The outputs are the new TPl time, new previous error and TP1
time, and an error flag that is set if the maximum number of iterations is

exceeded.
L. DEP = ERR
X_IND = TTPI

X_DEP_PRIME = ERR_PRIME

SRIGINAL PAGH B
OF BOOR QUALIIXI
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X_IND_PRIME = TTPI_PRIME
Call ITERV; inputs: IC, X_DEP, X_IND, X _DEP_PRIME, X_IND_PRIME
outputs: IC, X_IND, X_DEP_PRIME, X_IND_PRIME, SFAIL
TTPI = X_IND
ERR_PRIME = X_DEP_PRIME
TTPI_PRIME = X_IND_PRIME

Perform a logic test to determine if the maximum number of iferations has
been exceeded.

(1) If the iteration maximum has been exceeded (SFAIL # (), set an
ALARM flag and terminate the elevation angle iterator task:

If BFAIL # 0, then ALARM = 7

{2) If the maximum number of iterations has not been exceeded (SFAIL = 0,),
perform a logic tesat to determine if the current TPI time is greater
than some delta-t from the previous TPI time, If it is, set the cur-~
rent TPI time to the  previous time plus the delta-%:

If {ITPL - TTPI_PRIME] > DEL_T MAX,
then TTPI = TTPI_PRIME + DEL_E“MAX sign (TTPI - TIPI_PRIME)

{3) Advance both Shuttle and target to the current TPI time. The state
vector update task performs the advancement with two calls, one for the
Shuttle and the other for the target. The inputs are position and
velocity vectors and TPI time. The oufputs are position and velocity
vectors and time of TPI.

Update Shuttle state:

S_OPTION = 1

R_IN = RS_OUT

V_IN = VS_oUT

T_IN = TTPI_PRIME + BASE_MET

T_OUT = TTPI + BASE_MET
Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT
-— £ P
outputs: R_OUT, V_OUT

RS_OUT = R_OUT
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¥S_0UT = V_OUT
TS_OUT = T_OUT

Update target state:

S_OPTION =
R_IN = RT_OQUT
V_IN = VT_QUT

Call UPDATVP; inputs: R_IN, V_IN, T_IN, T_OUT

outputs: R_OUT, V_OUT

RT_OUT = R_OUT
VT_OUT = V_OUT
TT_OUT = T_OUT

%4,19.2 Interface Regquirements

The input and output parameters for the elevatlon angle iteration task are given
in table 42 and 43.

4.19.3 Processing Reguirements

Perform once ont call.

4.19.% Initialization

: None,
B 1S
ORIGINAL PAG
4.19.5 Supplemental Information OR POOR QUALITH
% None.

4.20 LAMBERT CONIC-VELOCITY-REQUIRED TASK (LAMBERT)

The Lamberi conlc-veloeltynrequlred task calculates the required orbltal veloc-
ity vector that satisfies the followang Lambert problem: given an initial posi-
tion veetor, a terminal position vector, and-a specified transfer time between
the initial and final vector-, determine the initial velocity requlred to trans-
fer from the initial vector to the final vector with the required transfer tlme,
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assuning two-body conic orbital motion. The equations hold only for the ellip-

tical case, and the task does not have multirevolution capability. This task is
used both.in targeting and in the execution of a Lambert-guided maneuver.

4,20.1 Detailed Requirements
The following steps are required to éalculate the initial velocity vector to

transfer from an initial position vector to a final position vector with a
gpecified transfer time.

a. The alarm flag is set to the off position. The alarm flag is used to indi~
cate when problems occur from input or from calculations:

ALARM = 0
b. Calculate the magnitude of the initial vector and the final vector:

RO = RS_IPO

[H]

R1 = R_OFFSET

RO_MAG = |RO|
RI_MAG = [R1]

¢. Calculate the semiperimeter of the transfer triangle to be uszd as a
normalizing constant:

R_PARABOLA = (RO_MAG + R1_MAG + |R1 - RQ|)/2

d. Calculate the parabolic velocity at perigee for R_ PABABOLA for use as a
normalizing factor.

V_PARABOLA = 2 EARTH_MU/R_PARABOLA

e. Calculate the parameter Z, where Z = RO_MAG R1_MAG - RO - R1. Z is equal to
RO_MAG R1_MAG{1-C0S8), where 6 1is the transfer angle. Test to determine
if 8 is close to 0 or 3609, If Z £ EP_TRANSFER RO_MAG R1_MAG, set the
alarm flag and exit:
ALARM = 2

f. QGCalculate the cotangent of 8/2 (also to be designated by the parameter 2).
RO and R1 are assumed to be in the plane defined by UN:

Z = (RO x R1) - UN/Z

g. Calculate the parameter VH:

VH = \/RO_MAG RI_MAG/(1 + 22)
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Set the initial value on the counter to count the number of iterations:

Set the upper and lower limits of the independent variable:

U_MAX

1 - DU/s2
U_MIN = ~1.0

DU is an I-load parameter to prevent the orbit from becoming close to
parabolic, '

Calcuate the constant parameter, LAMEDA:
LAMBDA = (VH/R_PARABCLA) Z

Calculate the first guess for the independent variable. This first guess
assumes a circular orbit:

U = LAMBDA/Y1 + LAMBDAZ
Calculate the normalized transfer time:
T_TILDA_DESIRED = (V_PARABOLA/R_PARABOLA) DEL_T_TRAN

Determine a tranfer time that is slightly greater than the parabolic trans- .
fer time:

T.MIN = (2/3) (1 - LAMBDA3) + (0.4) (1 - LAMBDAS) DU

If the input transfer time is negative or is less than or equal to T MIN,
set the alarm [lag and exib:

ALARM = 1

The initialization procedure has been ¢ompleted. The iteration steps to de-
termine the value of U to yield the desired transfer time from Kepler's
equation follows. This iteration continues until the time error is within

a given tolerance or until the number of iterations, N, is equal to the max-
imum pumber of iterations, MMAX., Set ALARM = 5 and exit if N = N_MAX.

(1) Increase the counter on the number of iterations by one: .
N =N+ :

(2) The following parameters are calculated to obtain the transfer time
corresponding to the current value of U:

¥ = VT - U2

LAMBDA W | | oﬁGﬁﬂ p1. PAGE B A

X
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1=M1-x2

WY-UX

G=0Y+ WX

The current value of the transfer time is given by
T_TILDA = [ARCTANZ (F, @) - (U W - X 1)] /w3

The ARCTANZ function should produce angles between 0 degree and
2 pl radians.

Determine the slope of T_TILDA with respect‘to the independent variable
U for use with the Newton-Raphson iteration:

S_TILDA = (3 U T_TILDA - 2(1 - (U/Y)LAMBDA3))/w2

Determine the error in the current value of E_IILDA and the desired
value T _TILDA_DESIRED:

T_TILDA_ERROR = T_TILDA DESIRED ~ T_TILDA

Determine if the error in T_TILDA_DESIRED iz small enough to consider
the current value -of U as the correct answer. If the absolute value :of
T_TILDA_ERROR is less than T _TILDA_DESIRED times EPS_U, then the
Newton-Raphson iteration is considered converged, and the required ini-

tial velocity can be determined in step o. Otherwise, continue
caleulations.

Calculate a change in the current ﬁalue of U:
U_STEP = T_TILDA_ERROR/S_TILDA
If U_STEP is positive, then set U_MIN equal to U. Set the new value of

U equal to U plus U _STEP. However, if the value of U is greater than
UMAX, set U equal to (U_MIN + U_MAX)/2.

If U_STEP is negative, set U;MAX equai to the curreht value of U.. Set
the new value of U equal to U plus U_STEP. However, if the new value
of U is less than U_MIN, set U equal to (U_MIN + U_MAX)/2.. -

The required initial veloeity can now be obtained by the following

relationships:
VH = VH/RO_MAG
VR = (R_PARABOLA/RO_MAG) LAMBDA - G

COEF

= V_PARABOLA/(Y - LAMBDA U)
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VS_REQUIRED = (COEF/RO_MAG)(VR RO + VH (UN x RO))

where EN is a unit vector in the direction of the angular momentum vector.

4.20.2 Interface Requirements

The input and output parameters For the Lambert conie-velocity-required task are
given in tables 44 and 45.

4.20.3 Progessing Requirements

Perform once on call.

4.20.4 Inikializabion

None.

4,20.5 Supolemental Information

If the transfer angle is near 180°, the parameter LAMBDA will be near zero.
When this occurs, raising LAMBDA to a power in the code may result in an
underflow. This situation must be covered in the code.

4,21 STATE VECTOR UPDATE TASK (UPDATVP)
The state vector update task c¢alls for the precision onorbit predictor to update
a state vector to a time.

4.21.1 Detailed Reguirements

The following steps are required to update a state vector to a specific point of
interest.

a. Determine if the Shuttle state or the target state, is to be updated.
{5_O0PTION = 1, 2, respectiv ly}. Also set the onorbif predictor parameters:
gravity model degree and order flag, drag model, vent model, altltude mode
flag, and minimum integration step size.

Set GMD_PRED = GMD_I
GMO_PRED = GMO_I

ATH = ATM_]
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Set DMP

DMP_T (S_OPTION)

‘VMP = VMP_I (S_OPTION)

PRED_ORB_MASS = PRED_ORB_MASS_I (S_OPTION)
PRED_ORB_CD = PRED_ORB_CD_I (S_OPTION)
PRED_ORB_AREA = PRED_ORB_AREA_I (S_OPTION)
b. Call the onorbit predictor to update the state vector to the final time.
Call ON_ORB PRED; inputs: GMD_PRED, GMO_PRED, DMP, VMP, ATM,
FhED_pEB_MASS, PRED_ORB_CD, PBEDHDRB_AREA,
R_IN, V_IN, T_IN, T_OUT

butputs: ~E_DUT, E;DUT

4,21.2 Interface Reauirements

The input and output parameters fbr the state vector update task are given in
tables 46 and U47.

4.21.3 Processing Reguirements S

Perform once per call.

4.21.4 Initialization : . DRIGINAL PAGE IS
' " OE ROOR. QU

None. -

4.21.5 Supplemental Information

None.

4,22 NEWTON-RAPHSON ITERATION TASK (ITERV)

The Newton-Raphson task performs an iteration with a secant numerical derivative

. to drive the differences between two successive values of -a dependent variable

to zero.
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4.22.1 Dstailed Requlrements

The following are the steps required to drive the successive difference of the
dependent variable to zera.

a. Perform a logic test to determine if it is the first pass through the functionm.

(1) If it is the first pass (IC‘= 0), set the delta independent variable to
a constant first guess:

DEL_X_IND = DEL_X_GUESS

{2) If it is not the first pass (IC # 0), calculate the delta dependent
variable from the current and previous values of the dependent variable.

DEL_X_DEP = X_DEP ~ X_DFP_PRIME

Perform a logic test of DEL_X DEP to see if it is less than a small
tolerance:

If it is (DEL_X_TOL), then
DEL_X_IND = DEL_X_GUESS
If DBL_X DEP is not less than DEL_X TOL, then

SLOPE = __._ DEL-X=DEP __.. __
(X_IND - ¥_IND_PRIME)

DEL_X_IND = X-DEP
SLOPE

b. Set the previous values of the dependent and independent variable to the
current values. Calculate the new current values of the independent vari-
able. Add one to the iteration counter, and set an iteration failure flag

to zero:

SFAIL = 0
IC = 1C + 1 ORIGINAL PAGE 1§
X_DEP_PRIME = X_DEP OR ROOR QUALIZY
z X_IND_PRIME = X_IND

X_IND = X_IND - DEL_X_IND

¢. Perform a logic test to determine if the maximum number of iterations has
; been exceeded. If the iteration exceeds the maximum (IC > ICMAX), set the
! failure flag:

SFAIL = 1
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4.22.2 Ipterface Reauiregents ' o
The input -and output parameters for the Newbon-HRaphson iteration task are given

in tables 48 and 49.

4.22.3 Processine Requirements

Perform once on call,

4.22.4 Initialization

None.

}.22.5 Supplemental loformation

None.

4,23 ORBITER LVLH TRANSFORMATION TASK:'(ORBLV) . -

The Qrbifier LVLH transformation tasks determines the position and veloeity of
the target as seen from an Orblterucentered LVLH frame startlng W1th OPbltEP
and target M50 inertial vectors. :

4.23.1 Detailed Reguirements

The following steps are required to perform this task.

a. Find the magnitude of the Shuttle inertial vector.

RS_MAG = MAG (RS)

b. Compute the transformation matrix from M50 inertial frame to the loecal ver-
tical inertial Shuttle-centered rectangular coordinate frame:

unit,((ﬁs,x v8)X §S)T
MAT_M50_LVIR = |- unit (RS X v8)T
- unit (RS)T
¢. Determine the orbital angular prate vector.

VAN = VS-UNIT(RS) (BS ° VS)/RS_MAG

RIGINAL .
~ - 0 5 OOR QUALITY
OMEGA_LV_PROX = (|VTAN|/RS_MAG) (-(1) ) Ol
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d. Compute the relative M50 state of the target with respect to the Shuttle.

RST_M50 = RT-RS
VST_M50 = VT-VS

e. Convert to a Shuttle-centered LY inertial rectangular frame.

RST_LVIR [Mam_yso..;.vm] RST_M50

¢4

VST_LVIR

[haT_mso_Lvir] VsT_uso0

f. Convert to a Shuttle-centered LVLH franme.

RSLV = RST_LVIR
VSLV = VST_LVIR - (OMEGA_LV_PROX X RST_LVIR).
§.23.2 Interface Reauirements

The input and output parameters for the Orbiter LVLH transformation task are
given in table 50 and 51.

4.23.3 Progessine Requirements

Perform once on call.

k.23.4 Initialization

None.
4.23.5 Supplemental Information
Nene.
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TOFMA3: LT
TABLE 1.- PROX WORLD COMMON
SYMBOL PRECISION DEFINITION TYPE UNITS
T™_IND TBD Time GMT/MET select indicator D -
T CURRENT TBD Current time F sec
BASE MET TED GMT/MET reference time F see
DELTA_V_LVLH_GUID TED Delta—-v vector of current maneuver F(3) ft/sec
GUID_FLAG TBD Current maneuver guidance option flag D -
DT_ST TIMER 8D Time to be counted down F sec
CRT_TiME TBD CRT timer start/stop disecrete D -
crT_upDuN TBD CRT timer up/down discrete D —
T STATE TED Time tag for M50 vectors Fo. sec
R_AVGG TED Orbiter position M50 vectors F(3) ft
V AVGG s TBD Orbiter velocity M50 veectors F(3) ft/sec
1% % . -

A ! .

% TARGET o & TBD Target position M50 vector F(3) ft
2 @) ' T '
V_TARGET %% TBD Target velocity M50 vector F(3) ft/sec
Soae T ‘ b

S_ROTATE_GUID E% gg TBD Rotation flag for near 180° transfers D -
R_OFFSET_GUID E 2 TBD Offset position vector F(3) £t
T:OFFSE'I‘__GUID ?.‘. @ TED Time of offset position veector (MET) F sec
TIG_GUID DAY TBD 1 day
$1G_GUID HR TBD o I nr

) Ignition time of cufrent maneuver (MET)
TIG_GUID_MIN TBD : : I min -
TIG _GUID_SEC TBD F sec
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TABLE 1.~ Conecluded

TOFMY 3: LT

SYMBOL PRECISION DEFINITION TYPE UNITS
GMD_PRED TBD Gravity model degree flag D -
GMO_PRED TED Gravity model order flag D -
ATM TBD Attitude mode flag D -
DIP TBD Drag model flag D -

VHP TBD Vent model flag D -
PRED_ORB_MASS TBD F ?
PRED_ORB_CD TBD Onorbit predictor drag parameters P 4
PRED_ORB_AREA TBD P £t

R IN TBD Input inertial position vector to UPDATVP F(3) ft
v TBD Input inertial veloeity vector to UPDATVP F(3) ft/see
R ouT TBD Outgut inertial position vector to UPDATVP F(3) £t

v _our TBD Qutput inertial velocity vector to UPDATVP F(3) ft/sec
T_IN 8D Time of the input state to UPDATVP (GMT) F sec

T 00T TED Time of the output state to UPDATVP (GMT) F see
us TBD Orbiter mass for PREVR F ibs




9

ey SRS I T TR

'DISP_T2_Z0FF
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TABLE 2.~ PROX_DIP COMMON
SYMBOL PRECISION DEFINITION TYPE UNITS
PROX_T1_STAR_STATUS TBD T1 maneuver compute star flag D -
PROX_T2_STAR_STATUS TED T2 maneuver compute star flag D -
PBOX‘_PI.!ST_STATUS TED Maneuver past time status flag D -
'PROX_TGT_SET_NO TED TLOAD set number selected for targebing 1 -
'DISP_;PRGK_'DT TBD Displayed delta-t between T1 and T2 F m:m
'DiSP_ﬁL;ANG TBD Displayed target elevation angle at T1 .F deg
DisP_;Tﬁf TBD Orbiter-relative position at T1 F(3) £t
DIS}_T'I__'}'{'D " TBD Orbiter relative velocity at T1 F(3) f;tlgec .
DISE Ti DAY TBD I day
DISP_Ti_HR TED 1 hr
T T1 time - i .
DISP_T1 MIN TBD I min
bffSi’iTtSEC 8D F sec
DiSP T2 BAY TBD r day
~DISP_T2 HR TBD I hr
o . T2 £ime . ‘ ot gwst :
DISP_T2 MIN - TBD I nin
»»DisP_Taﬁséc e TBD F see
pise regoer w ) F £t
; _DIS'P_'TZ;_?‘OFF BD Oz"b‘it‘.ez‘-' deéiréd r;eiaﬁive ﬁosition ai: T2 ¥ ft -
s _ ; o
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TABLE 2.- Concluded

T8FM43:LT

SYMBOL PRECISION DEFINITION TYPE UNITS
DISP _ﬁV TBD Maneuver LVLH velocity vector F(3) ft/sec
DISP_DV_MAG TBD Maneuver velocity magnitude F ft/sec
PROX_I&EMq21tDEH_$TATUS TED Items 21 through 24 data entry status flag D -
PROX_ITEM 1_STATUS TBD Item 1 data entry status flag D -
PRDX_I@E&;?toEO STATUS TED Items 2 through 20 data entry status flag b -
PROX_ITEM 25 STATUS TBD Item 25 data entry status flag D .
PROX_ITEM 26 STATUS TBD Item 26 data entry status flag ;) —
PHOX_ITEM 27_STATUS TBD Item 27 data entry status flag D -
Pnox;I@EM'EB_ﬁTﬁTUS TBD Item 28 date enbry status flag D -
PRDX_F@AD;FLASH TBD YLOAD" flash -status flag b -
PROX_BASE_DAY TBD I day
PROX_BASE ‘HR TBD I hr
Targeting base time

PROX BASE MIN THD I min
PROX_BASE_SEC TBD F sec
DISP_THMAN_TIME TBD Displayed maneuver time F sec
MAH;TGT TBD Target set for which maneuver was computed I -
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T8FM43:LT
TABLE 3.~ PROX_ILOAD_COMMON
SYMBOL PRECISION DEFINITION TYPE UNITS
T1_ILOAD ARRAY TBD T1 time for target sets (times are relative F(40) min
to prox ops base time.)
DT_ILOAD ARRAY TBED Delta times from T1 maneuver to T2 maneuver F(40) min
for targets sets
EL_ILOAD_ ARRAY TBD  Maneuver elevation angle F(40) rad
XOFF _TLOAD_ARRAY ' TBD F(40) ft
,IOFF_ILQAD_AHRAI TBD ILOAD LVLH offgset position for target sets F(40) 't
| ZOFF_ILOAD_ARRAY TBD F(40) £t
PROX DT MIN TBD Tolerance on minipum time in the future to F sec
L compute a prox, ops maneuver solution
PROX_DTMIN LAMB TED Tolerance on minimum time in the future F sec
T e to .compute a Lambert maneuver solution
BASE_START DAY TBD ey I day
BASE_START HR “TBD ' | 1 hr
~Referenge base time for T1_ILOAD ARRAY
BASE_START_MIN .TBD T I min
BASE_START_SEC TED . F see
‘NLAMB TBD Number of Lambert targeted target sets 1 -
"PI TBD Mathematical constant 'F -
“HL TOL TBD Tolerance between computed and desired F rad
e;evatipn angle
TBD Elevation angle-differential altitude in- F 7
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TABLE 3.~ Continued

T8FMU43: LT

SYHBOL PRECISION DEFINITION TYPE UNITS
R_TOL TBD Convergenece tolerance in terminal point F ft
offset iteration
EARTH MU TBD Earth gravitational constant F £t3/sec?
N_MAX TBD Maximum allowed number of iterations I -—
CONE TBD Angular tolerance used to determine F rad
if the transfer angle is near 1809
DEL T MAX ‘TBD Maximum step size used during any I -
given iteration
bo TBD Small deviabion to prevent orbit F -
from being almost parabolie
EP TRANSFER TBD Parameter to test if transfer angle F 7
is close to 0°
EPS U TBD Parameter to test convergence of the F ?
Hewton-Raphuson iteration
H4IN _ TBD Minimum allowed number of iterations I ~——
DEL_X BUESS TBD A¥ guess to be used in iterator if no F ?
o prediction is possible
Ic;ﬁﬁk TBD Maximum allowed number of iterations I -
S o Re) ‘ )
DEL_X_TOL (Sl TBD Tclerence of dependent variable to F ?
%g g% ensure that a slope exists
GMD T é% E: TBD Gravity model degree flag D ——
aMo_t 2 o TED Gravity model order flag D -
ATH I E 2 TBD Attitude mode flag D —
. - .
DMP T K@ TBD Drag model flag D{2) -
VMP T TBD Vent model flag D{2) -
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TABLE 3.~ Concluded

TOFM43

SYMBOL PRECISION DEFINITION TYPE UNITS
PRED_ORB_MASS_I TBD | F(2) 7
PRED_ORB_CD_I TBD Onorbit predictor drag parameters F(2) ?
PRED_ORB_AREA_I TED ' F(2) 12
THRUST TBD Thrust of the propulsion system for PREVR F lbs

G TBD Gravitational constant for PREVR F fu/sec?

i



TABLE 4.~ PROX VARIABLES_COMMON

TBFMY3:LT

SYMBOL PRECISION DEFINITION TYPE UNITS
T1_TIG TBD T1 maneuver time (MET) F sec
T2_TIG TBD T2 maneuver time (MET) F sec
PROX_T CURRENT TBD Current MET time F sec
PROX_BASE_TIME TBD Prox ops base time F see
DAY TBD | I day
HR TBD I hr

( Converted time for TIMECV '
MIN TBD I min
SEC TBD F sec
COMP_PROX_DT TBD Delta-t in the computation. buffer F min
COMP_T2_XNFF TBD P £t
CoMP_T2_YQFF TBD Computational desired position at T2 F ft
COMP_T2_ZOFF TBD F ft
TIME CONVERT FLAG TBD Time conversion flag D -
TIME SEC TBD Conversion time F sec
]-)-V_LVLH . TBD Impulsive maneuver in LVLH reference frame F(3) ft/sec
TIME_PROX :‘gi % TBD "Time tag for M50 state (assumed MET) F sec
X2 ?(é % TBD - Predicted Orbiter relative state position F(3) ft
XD2 -}Z’Ei TBD Predicted Orbiter relative state velocity F(3) ft/sec
USE_OMEGA_DT ‘é% TBD Use the wt caleulation flag D -
USE_DISP_REL_STATE a; TED Use displayed relative state flag D -~
COMP_X TBD Computation relative position F(3) ft.
COMP_XD TBD Computation relative velocity F(3) ft/sec
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TBFMY3

TABLE U.- Continued {
SYMBOL ~ PRECISION DEFINITION TYPE UNITS :
DYIME TBD Time interval for prediction computation F © sec
OMEGA_PROX TBD Orbital angular rate of target F rad/sec ﬁ’
BS_M50_PROX TRD Prox ops Orbiter M50 position veetof F(3) ft i
RT_M50_PROX TBD Prox ops target M50 position vector F(3)} ft %
VS_M50_PROX TBD Prox ops Orbiter M50 velocity vector F(3) | ft/sec ?
VT_M50_PROX TBD Prox ops target M50 veloeity vector F(3) ft/sec ?
X TBD Input relative position for the relative F(3) ft 3

prediet task 1
XD TBD Input relative veloeiby Fir the relative F(3) ft/sec |
prediet task

EL_ANG TBD Desired elevation angle at TPI F rad
S_ROTATE TBD Rotation flag for near 180° transfers D —~
R_OFFSET TBE Offset position vector F(3) ft
T_OFFSEY TBD Time of offset position vector (MET) F sec
IﬁER_FO_LVC ) TBD Inertial to curvilinear conversion flag D -
R_REL | o0 TBD LVLE curvilinear position vector from REL_COMP F(3) ft _
f_REL_ =5 E% TBD LﬁLH curvilinear velocity wveetor from REL_COMP F(3) ft/sec : é,
v % 2 TBD Delta-v vector from OFFSET_TGT F(3) ft/sec 1{\
DT_OFFTGT :; %3 TBD ' Transfer time for OFFSET_TGT F sec %
X_OFFTGT E% E; TBD Tt relative position vector for OFFSET_TGT F(3) ft ;
XD_OFFTGT gi 7 TBD T1 relative velocity vector for OFFSET_TGT F(3) ft/s;c fé
X2_OFFTGT TBD T2 relative position vector for OFFSET TGT F(3) rt :

R_S_INER TBP Input Shuttle inertial position for REL_COMP F{3) ft
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TABLE 4.~ Coneluded
SYMBOL PRECISION DEFINITION TYPE UNITS
V_S_INER TBD Input Shuttle inertial veloeity ror REL COMP  F(3} ft/sec
R_T_INER TBD Input target inertial position feor REC_COMP F(3) £t
?nfitﬂER TBD Input target inertial veloeity for REL_COMP F(3) ft/zec
ToaxX TBD Time of the computed maneuver (MET} F gec
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TABLE 5.~ PROX_LAMVAR_COMMON

SYMBOL ' PRECISION DEFINITION TYPE UNITS

Rs_T1TIG TBD Inertial position vector of Shuttle at F(3) . It
T1_TIG for PREVR

Vs_T1TI6G TBD Inertial veloeity vector.of Shuttle at F(3) - ft/see
T1_TIG for PREVR ’

RS_T2TIG TBD Inertial position.vector of Shuttle at F(3) ft
T2_TIG for PREVR

S_OPTION TBD Spacecraft flag for UPDATVP b ~—

TTPI TED Predicted time of TPI {MET) P sec

ALARM TBD Alarm f’lﬁg to show error I ——

Rs_ouT TBD 291 o Shuttle position vector F(3) fe

¥s_ouT TBD e E% Shuttle veloeity vector " F(3) ft/sec

RT_OUT TBD 8 E% Target position vechor F(3), £t

¥T_out TBD :g o Target velocity vector R(3) ft/sec

TS_OUT TBD E gl Time of the Shuttle po;itibn vector (GMT) - F sec

T’l.‘.__OUT TBD g Eﬂ Time of the target position vector (GMT) F sec

FSl"_REQUIRED TBD e Velocity required'at the maneuver time F(3) ft/sec

fis_IPO TBD _Iniﬁial position offset of Shuttle from PREVR F(3) ‘£t

 Rs_com TBD * Shuttle inértial position for COMELE - F(3) £t
Vs_coM TBD Shuttle inertial veloeity for COMELE F(3) fr

_ RT_coM TBD Target inertial position for COMELE F(3) ft
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TABLE 5.~ Concluded

TOFMU43:LT

SYMBOL PRECISION DEFINITION TYPE UHITS

EL_ANG CoM TED Computed elevation angle from COMELE F ‘ rad

il TBD Unit normal along the Shuttle angular P(3) -
‘momentum vector

DEL_T TRAN 8D Transfer time from PREVR F see

Ic . TBD Iteration counter to ITERV I -

X_DEP - TBD ‘Dependent variable to ITERV F -

X_IND " TBD Independent variable to ETERV F -—

X DEP_PRIME TBD Previous value of the dependent F —-—
variable to ITERV

X _IND. PRIME TBD Previcus value of the independent F -
variable to ITERV

SPAIL TBD Flag set 1f maximum number of iterations I -
have occurred

ERR TBD Dependent variable in search for F —_
-elevation -angle

ERR;PRIME TBD Pﬁevibus value of the dependent variabple F -
in search for elevation angle

TIPI_PRIME OO TBD Previous value of the independent variable F sec

SR .in search for elevation angle (MET)
@

N Eg 52 TBD Iteration counter from ELITER I —

BT - ;g E; TBD Input inertial position of target to ORBLY F(3) ft

- )

VT o %; TBD Input inertial velocily of target to ORBLV F(3) ft/sec

RS E ; TBD Input inertial position of Shuttle to ORBLV F(3) - ft,

73 TBD Input ipertial veloeity of Shuttle to ORBLV F(3): fe/sec

TsLY TBD Shuttle-centered LVLH relative velocity of F(3} ft/seec

target

- el
e
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TABLE 6.- INPUT PARAMETERS FOR THE PROX _STAT MODULE
SYMBOL PRECISION DEFINITION SOURCE TYPE UNLTS
™_IND TBD Time GMT/MET select indicator D ——
T_CURRENT TBD Current time '} FCO3 F se0
BASE MET TED GMI/MET reference time F sec
T_MAN TBD Time of the computed PROX_TGT sup F sec
maneuver (MET) PROX_IGT_SUP LAMB :
PROX_EXEC
PROX_BASE TIME TBD Prox ops base time PROX_INIT F sec

PROX_TGT_SUP_LAMB
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TABLE 7.- OUTPUT PARAMETERS FOR THE PROX_STAT MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
L
PROX PAST STATUS TBD Maneuver past time status PROX_TRANS D -
flag PROX_STIME
PROX_EXEC
PROX T _CURRENT TBD Current MET time PROX_TGT_sUP F sec
PROX TGT SUP_LAMB
4
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TABLE 8.~ INPUT PARAMETERS FOR THE PROX_INIT MODULE

TaFMU3: LT

SYMEOL PRECISION DEFINITION SOQURCE TYPE UNITS
PROX_TGT_SET _NO TED ILOAD set number selected ORBIT_TGT DIP (b5.14) I -
for targeting
PROX_TGT SEL
DISP_PROX DT TBD Displayed delta-t between PROX_DISP_LOAD F min
T1 and T2 ORBIT TGT DIP (6.14)
DISPHTI_Q TBD Orbiter relative position PROX_TGT_SEL F(3; ft
at T1 PROX_TGT_SUP
PROX_TGT SUP_LAMB
DISP~T1_§D TBD Orbiter relative velocity ORBIT_TGT DIP (6.14) F(3) f't/sec
at T1
DISP_Ti1_DAY TBD Ti1 time PROX_EXEC I day
DISP T1_HR TBD T1 time PROX TGT SEL I hr
DISP_Ti_MIN T8D T1 time ﬁ PROX_DISP_LOAD I min
DISP_T1_SEC TBD T1 time 'Loﬁa:t'r_mr_m (6.14) F sec
DISP_T2 DAY’ THD T2 time S I day
DISP_T2 HR® TBD T2 time I ar
o PROX_TGT SEL
DISP_T2 MIN TBD T2 time PROX_DISP_LOAD I min
X ORBIT TGT DIP (6.14)
DISP T2 SEC TED TZ time F sec
/
DISP_T2 XOFF TBD Orbiter desired relative' | F fr
R pogition at T2
DISP_T2 _YOFF . TBD Orbiter desired relative . F fe
' B position at T2 - PROX_TGT_SEL
- - {  ORBIT _TGT DIP (6.14)
DISF_T2_ZOFF TBD Orbiter desired relative F ft
o position at TZ =~
DISP_EL ARG TBD Displayed target eslevation F deg

angle at TT

7
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TABLE B.- Concluded

TEFMY3: LT

SYMBOL PRECISION DEFINITION SOURCE TiPE UNIES
PROX_ITEM 21T024 STATUS TBD Items 21 through 24 data PROX_EXEC D -
-7 - entry status flag ORBIT_TGT DIP (6.14)
PROX_ITEM_2T020_STATUS TED Ttems 2 through 20 data D -
’ entry status flag
PROX_BﬂsE_DAY TBD Targeting vzse time I day
PROX_BASE HR TBD Targeting base time PROX_TGT_SUP_LAMB I hr
PROX_BASE MIN TBD Targeting base time . ORBIT_TGT DIP (6.14) I min
PROX BASE SEC TBD Targeting base time F sec
PROY BASE TIME TED Prox ops base time } | - PROX EXEC F sec
- - PROX_TGT_SUP_LAMB :
TIME _SEC | TBD Converslon time : - TIME CONVRT F sec
PI TBD Mathematical constant ILOAD F -—

yood 30
Ty NIOTEQ.
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TABLE 9.~ OUTPUT PARAMETERS FOR THE PROX_INIT MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UITS
TELEV
T1_TLOAD_ARRAY 8D T1 time for target sets PROX_TGT _SEL F(uo) min
(times are relative to . PROX_TGT SUP_LAMB
prox ops base time) IL.0AD
EL_ILOAD ARRAY TBD Mzneuver elevation angle PROY_TGT_SEL F(40) rad
ILOAD
DT_ILOAD ARRAY TBD Delta-t's from T1 maneuver F(40) min
to T2 maneuver for target sets
XOFF_ILOAD_ARRAY TED ILOAD LVLH offset position - F(40) £t
for target sets PHOX TGT_SEL
) OMEGA_DT_COMP
YOFF TLOAD ARRAY TBD ILOAD LVLH offset position oAb - .o F{40) i
for target sets '
ZOFF_ILOAD ARRAY TBD ILOAD LVLH offset position F{40} ft
for target sets ]
: PROX_TGT_SUP
T1_TIG TBD T1 maneuver time (MET) PROX TGT_SUP_LAMB F sec
" : PROX_DISP LOAD
T2_Tic - TBD T2 maneuver time {(MET) DT_COMP F sec
PREVR
PROX_BASE_TIME TBD Prox Ops base time PROX STAT F sec
Day TBD Converted time for TIMECY 1 day
HR TBD Converted time for TIMECY - I ar
’ TIME_CONVRT
MIN TBD Converted time for TIMECYV ' I min
SEC TBD Converted time for TIMECV F sec
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TABLE 9.- Concluded

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNETS
PROX_TGT_SUP
. COMP_PROX DT TBD Delta-t in the computation PROX TGT SUP_LAMB F min
buffer . PROX_DISP_LOAD
DT_COMP
COMP_T2 XOFF TBD Computational desired F ft

position at T2
PROX TGT SUP

COMP_T2_YOFF TBD Computational desired | PROX_TGT SUP_LAMB F ft
position at T2 OMEGA_DT_COMP

COMP T2 ZOFF TBD Computational desired F ft
position at T2

TIME CONVERT FLAG TBD Time conversion flag TIME_CONVRT D . -

PROX_TGT_SUP
TIME_PROX TBD Time tag for M50 state PROX_TGT_SUP_LAMB F sec
~ {assumed MET) TELEV

EL_ANG TBD Desired elevation angle PROX_TGT SUP_LAMB F rad

at TPI TELEV

— PROX_TGT_SUP
coMp_X TBD Computation relative position PROX_TGT SUP_LAMB F(3) ft
OMEGA_DT_COMP

COMP_Eb o TBD Cemputation relative PROX_TGT SUP F(3) ft/sec
Q velocity PROX. TGT_SUP LAMB
= P, . aL SUP
-G
Q2
® B
O
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reference frame :

PKOX TGT SUP_LAMB

T8FM43:LT
TABLE 10.- INPUT PARAMETERS FOR THE PROX_DISP_LOAD MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS
T_MAN TBD Time of the computed PROX_TGT SUP F sec
maneuver (MET} PROX_TGT_SUP_LAMB
PROX_TGT_SET_NO TBD ILOAD set number selected " ORBIT_TGT_DIP (6.14) I -
for targeting
PROX_EXEC
: PROX_TGT_SEL .
T1_TIG THD T1 maneuver time (MET) ! PROX_INIT F sec
: PROX_TGT_SUF
PROX_TGT SUP_LAMB
PROX_EXEC
PROX_INIT
T2_TIG TBD T2 maneuver time (MET} PROX_TGT_SUP F see
PROX_TGT_SUP_LAMB :
DT_COoMP
DAY TBD Converted time I day
HR TBD Converted time ] _ 1 hr
' - TIME_CONVRT :
MIN TBD Converted time I min
 SEC ° TBD Converted time F sec
BV_LVLH V TBD Inpulsive maneuver in LVLH PROX_TGT _SUP F(3) ft/seec

L
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TABLE 11.- OUTPUT PARAMETERS FOR THE PROX_DISP_LOAD MODULE
SYMBOL PRECISTIN DEFINZTION DESTINATION TYPE UNITS
DISP PROX DT TBD Displayzd delta-t h F mLn
between T1 and T2
DISP_T1_DAY TBD Displayed T1 time I day
DISP_T1_HR TBD Displayed T1 time I nr
DISP_Ti1_MIN TED Displayed T1 time I min
DISP_T1_SEC TBD Displayed T1 time F sec
DISP_T2_DAY TBD Displayed T2 time I day
DISP_T2 HR TBD Displayed T2 time I hr
ORBIT_TGT_DIP (6.14)
DISP_T2 MIN TBD Displayed T2 time I min
DISP T2 _SEC TBD Displayed T2 time F sec
DISP_DV TBD Maneuver LVLH velocity F(3) ft/sec
veetor
DISP DV MAG TBD Maneuver velocity F ft/sec
magnitude
DISP_TMAN_TIME TBD Maneuver time (MET) J F sec
DISP_TMAN DAY oo TBD Displayed maneuver time I day
r.j L
DISP _TMAN HR ,U'E% TBD Displayed maneuver time I kr
8 E PROX_TRANS
DISP TMAN MIN 5 EE TBD Displayed maneuver time I min
DISP_TMAN SEC %% o TBD Displayed maneuver time F sec
Z,
TIME_CONVERT_FLAG g TBD Time conversion flag I -
TIME_CONVRT
TIME_SEC 72 TBD Converied time F sec
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TABLE 12,- INPUT PARAMETERS FOR THE PROX_STIMZ MODULE

TEFMU3: LT

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS

TM_IND TBD Time GMT/MET select FCOS D -
indicator

BASE MET TBD GMT/MET reference time © FCOS F sec

T _MAN TBD Time of the computed PRO¥_TGT SUP F sec
maneuver (MET) PROX_TGT_SUP_LAMB

PROX_PAST_STATUS TBD Maneuver past time status PROX_STAT D -
flag
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TABLE 13.~ QUTPUT PARAMETERS FOR THE PROX_STIME MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
DT_ST TIMER TBD Time to be counted down F sec
CRT_TIME TBD CRT timer start/stop . ORBIT_TGT DIP (6.1%4) D -
discrete
CR'i‘__UPDWN TBD CRT timer up/doun discrete D -

nt 200d 9O
g @ovd {VNIONO
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TABLE 14.- INPUT PARAMETERS FOR THE PROX_TRANS MODULE
SYMBOL PRECISION DEFINITION SOURCE TYPE ONITS
GUID FLAG TBD Current maneuver guidance PROX_TGT Sup D -
option flag PROX_TGT_SUP_LAMB
PROX_PAST_STATUS TBD Maneuver past time status PROX_STAT D --
flag
DV_LVLH TBD Impulsive maneuver in Ly_d PROX_TGT SUP F(3) ft/sec
reference frame PROX_TGT_SUP_LAMB
5_ROTATE TBD Rotation flag for near 180° 1 D ~
transfers .
ﬁ;pFFSET TBD Offset position vector PREVR F(3) i fe
T_OFFSET TED Time of offset position F sec
vector (MET)
DISP_TMAN_DAY TBD I day
DISP_TMAN HR TBD ; i hr
b oo Maneuver time for display PROX_DISP_LOAD
DISP _TMAN MIN TBD ' I min
DISP_TMAN_SEC TBD F sec




TABLE 15.- OUTPUT PARAMETERS FOR THE PROX_TRANS MODULE

SR R I

T8FMU3: LT

SYMBOL PRECISION DEFINLITION DESTINATION TYPE UNLTS

DELTA_\?_LVLH_GUID TBD Delta-v veetor of current ORBIT_MNVR_DISP (5.35) F(3) ft/sec
maneuver

S_ROTATE_GUID TBD Rotation flag for near-180° D --
transfers

R_OFFSET_GUID TBD 0t et position vector ORBIT MNVR_DIP (4.158) F(3) e

T_OFFSET GUID TBD Time of offset position F see
vector (MET)

TIG GUID DAY TBD I day

TIG GUID _HR TBD I ar
Ignition time of current ORBIT_MNVR_DISP (6.35) .

TIG GUID_MIN TBD maneuver I min

TIG _GUID_3EC TBD F sec

89




68

Ll

TABLE 16.- INPUT PARAMETERS FOR THE PROX_EXEC MODULE

B U D

TBFMU3:LT

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS

BASE_MET TBD GMT/MET reference time FCOS F sec

T_STATE TBD Time tag for M50 vectors ON_ORB UPP (44.22) F see

R_AVGG TBD Orbiter position M50 vectors ON_ORB _UPP (4.22) #(3) ft

V_AVGG TBD Orbiter veloctiy M50 vectors ON_ORB UPP (4.22) F(3) ft/sec

R_TARGET TBD Target position M50 vectors ON ORB_UPP (4.22) F(3) Tt

V_TARGET TBD ) Target velocity M50 vectors ON_ORB_UPP (4.22) F(3) ft/sec

PROX_TGT SET_NO TBD ILOAD set number selected ORBIT_TGT_DIP (6.14) 1 -
for trajectory , ‘ '

PROX_ITEM_21T02hﬂSTATUS TBD Items 21 through 24 data l D -
entry status flag PROX_INTT

§ ) ORBIT_TGT_DIP (6.14)

PROX_ITEM 2T020_STATUS TED Items 2 through 20 data D -
entry status flag ;

PROX_TTEM_1_STATUS TBD Ttem 1 data entry status ) D -
flag

PROX_ITEM 25 STATUS TBD Item 25 data entry status D -
flag

PROX_ITEM 26 STATUS TBD Item 26 data entry status ORBIT_TGT_DIP (6.14) D -
flag-. >

PROX_TTEM 27 STATUS THD Item 27 data entry status D -
flag

PROX_ITEM 28 STATUS TBD Ttem 28 data entry status D —

flag-
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TABLE 16.- Coneluded

SYMBOL PRECISION DEFINITION SOURCE TYPE UNLITS

PROX_FiRST_PASS_STATUS TBD Orbit tgt exec first pass D ==
status flag

BASE _START DAY TBD Referenced base time for I day
T1_IXLOAD_ARRAY

BASE_START HR TBD Referenced base time for TLOAD L ar
T1_ILOAD ARRAY

BASE_START MIN TBD Referenced base time for I min
T1_ILOAD_ARRAY

BASE START SEC TBD Referenced base time for F sec
T1_ILOAD_ARRAY

NLAMB TBD Number of Lambert targeted I -
target sets

8 PROX_T_CURRENT TBD Current MET time PROX_STAT F sec
DAY . TBD Converted time for TIMECV I : day
HR TBD Converted time for TIMECV I hr
' TIME_CONVRT
MIN TBD Converted time for TIMECV I min
SEC TBD Converted time for TIMECY F sec

TIME SEC TBD Conversicn time TIME_CONVRT F see
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status flag

TUFM43
TABLE 17.- OUTPUT PARAMETERS FOR THE PROX EXEC MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS
PROX_Ti~STAR_STATUS TBD T1 maneuver compute star PROX_TGT_SUP D -
flag PROX_TGT_SUP_LAMB
) ORBIT_TGT DIP (6.14)
PROX_T2_STAR_STATUS TBD T2 maneuver compute star D -
flag
DISP_T1_DAY TBD T1 time I day
DISP T1_HR TBD T1 time PROX _INIT I hr
DISP_T1_MIN TBb . T1 time - ' ORBIT TGT_DIP (6.14) I ain
DISP_T1_SEC TBD T1 time F see
PROX_ITEM_21702Y_STATUS TBD Items 21 through 24 data D -
entry status flag PROX_INIT
PROX_ITEM 2T020_ STATUS TBD Items 2 through 20 data D -
: entry gtatus flag }
PROX_LOAD FLASH TBD "LOAD" flash status flag . ORBIT TGT_DIP {5.14) D -
PROX_FIRST PASS_STATUS TBD Orbit tgt exec first pass ORBIT TGT_DIP (6.14) D -
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TABLE 17.- Concluded

T8FMU3: LT

SYMBOL PRECISION DEFINLTION DESTINATION TYPE UNETS
PROX_TGT_SUP
T1_TIG TBD T1 maneuver time (MET) PROX_TGT_SUP_LAMB F sec
PROX DISP_LOAD
T2_TIG TBD T2 maneuver time (MET) DT_COMP F sec
PREVR
PROX BASE TIME 8D Prox ops base time PROX_STAT F sec
PROX_INIT
DAY IBD Converted time for TIMECV I day
HR TBD Converted time for TIMECV I nr
MIN TBD Converted time for TIMECV I min
TIME CONVRT
SEC TBD Converted time for TIMECY F sec
TIME CONVERT FLAG TBD Time conversion flag D -
TIME_SEC TBD Conversion time F sec
PROX_TGT SUP
TIME_PROX TBD Time tag for M50 state PROX TGT_SUP_LAMB F sec
{assumed MET) TELEV
USE_DiSP_REL;STATE TBD Use displayed relative PROX_TGT_SUP b -
state flag PROX TGT_SUP_LAMB
OFFSET_TGT
OMEGA_PROX TBD Orbital angular rate of REL _PRED F rad/sec
target REL_COMP
OMEGA_DT_COMP
Rs_M50_PROX TBD Prox ops Orbiter M50 F(3) ft
) position vector
VS_M50_PROX TBD Prox ops Orbiter M50 F(3) ft/sec
velocity vector PROX_TGT_SUP
_ PROX TGT SUP LAMB
RT_MS0_PROX TBD Prox ops target M50 TELEV F(3) £t
position vector
VT_M50 PROX TBD Prox ops target MS0 F(3) ft/sec

veloeity vector J

e i
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TABLE 18.~ INPUT PARAMETERS FOR THE PROX_TGT_SEL MODULE

S¥YMBOL PRECISION DEFINITION SOURCE TYPE UNLTS

PROX_TGT SET_NO TBD ILOAD set number selected W ORBIT TGT DIP (6.14) I -
for targeting

T1_ILOAD ARRAY TBD T1 time for target sets F(40) min

DT_ILOAD_ARRAY TBD Delta-t from T1 maneuver F(40) mia
to T2 maneuver for target sets

EL_TLOAP ARRAY TBD Maneuver elevation angle : >PRDX_INIT F(40) rad

. ILOAD

XOFF_ILOAD ARRAY TBD ILOAD LVLH off'set position F(u40) ft

, . for target sets

YOFF_ILOAD _ARRAY TBD ILOAD LVLH offset position F(U0) ft

: for target sets

Z0FF_ILOAD ARRAY .TBD ILOAD LVLH offset position By F(40) ft
for target sets J .

DAY TBD Converted time for TIMECV I .day

HR - TBD Converted time for TIMECV I ar

t TIME_CONVRT

MIN TBD Converted time for TIMECY I - min

SEC TBD Converted time for TIMECY F sec

PI TBD ILOAD F -

Mathematical counstant

wood 0
ryNEOTEO

KV |

o @OV



f6

TABLE 19.- OUTPUT PARAMETERS FOR THE PROX_TGT SEL MODULE

TBFM43:LT

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS
DISP_PROX DT TBD Displayed delta-t between ) F min
T1 and T2
DISP T1 X TBD Orbiter relative position F(3) 47
) at T1
DISP_T1_XD TBD Orbiter relative velocity F(3) f't/sec
at T
DISP_T1_DAY TBD T1 time I day
DISP_T1_HR TBD T1 time I ar
DISP_T1_MIN TBD T1 time 1 min
DISP_T1_SEC TBD T1 time F sec
DISP_T2 DAY TBD T2 time '> PROX_INIT 1 day
ORBIT TGT _DIP (6.14)
DISP_T2_HR TBD T2 time I nr
DISP_T2 MIN . TBD T2 time I min
DISP T2 SEC TBD T2 time F sec
DISP_T2 XOFF TBD Orbviter desired relative F ft
position at T2
DISP_T2 YOFF TBD Orbiter desired vrelative F fe
position at T2
DISP_T2_ZOFF TBD Orbiter desired relative F ft
position at T2
DISP_EL_ANG TBD Displayed target elewvation
angle at Ti F deg
/
PROX_TGT_SUP
PROX_TGT SUP_LAMB
T1_TIG TBD T1 maneuver time (MET) PROX_DISP_LOAD F sec

DT_COMP
PREVR

e
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TABLE 19.-~ Concluded
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T8FMY3:LT

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS
PROX_TGT_SUP
COMP_PROX DT - TBD Delta-t in the PROX _TGT_SUP_LAMB F min
computation buffer PROX_DISF_LOAD
DT_COMP
COMP_T2_ XOFF TBD Computational desired F fr
position at T2
COMP_T2_YOFF TBD Computational desired “PROX_TGT SUP F fr
position at T2 PROX_TGT SUP_LAMB
OMEGA DT_COMP
COMT_T2_ZOFF TBD Computational desired F ft
position at T2
TIME_CONVERT FLAG TBD Time conversion flag D -
. TIME CONVRT
TIME SEC TBD Conversion time F sec
EL_ANG TBD Desired elevation angle PROX_TGT_SUP_LAMB F rad

at TPI

TELEV
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TABLE 20.- INPUT PARAMETERS FOR THE PROX_TGT_SUP MODULE

TAFM43

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS
PRDK_IiﬂSTAR_STATUS TBD T1 maneuver compute star PROX_EXEC D --
flag ORBIT_TGT DIP (0.14)
PROX_DTMIN TBD Tolerance on minimum time ILOAD F sec
in the future to compute
a prox cps maneuver solution
PROX_DTMIN_ LAMB TBD Tolerance on minimum time ILOAD F sec
in the future to compute a
Lambert maneuver solution
PROX_EXEC
T1_TiG TBD T1 maneuver time (MET) PROX_TGT SEL F sec
PROX_INIT
PROX_TGT_SUP_LAMB
T PROX: EXEC
T2_TIG TBD T2 maneuver time (MET) PROX_INIT F see
c T PROX_TGT _SUP_LAMB
DT -COMP
PROX T CURRENT TBD Current MET time PROX_STAT r sec
: PROX_TGT_SEL
COMP _PROX DT TBD Delta~t in the PROX_INIT F mLn
computation buffer PROX TGT_SUP_LAMB
DT coMP :
OMEGA DT COMP -
COMP_T2 XOFF TBD Computational desired F g
- position at T2
PROX. TGT_SEL
COMP : T2 YOFF TBD Computational desired ! PROY_INIT - . F ft
_ position at 12 , PROXTGT SUP_LAMB
CoMP_T2_ZOFF TBD Computational desired . | F fr
. position.at T2
TIME PROX TBD: Time tag for M50.state PROX EXEC’ F sec
(assume MET)- PROX -INLT :
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TABLE 20.- Concluded

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS

X2 TBD Predicted Orbiter relative F(3) ft
state position :

- REL_PRED

XD2 TBD Predicted Orbiter relative F(3) rt/sec
state velocity

USE_OMEGA DT TBD Use the WT calculation PROX_TGT_SUP_LAMB D --

' : flag DT_COMP
USE_DISP_REL_STATE TBD Use displayed relative PROX_EXEC D -
: - state flag PROX_TGT_SUP_LAMB
coMP_X TBD ‘Computation relative F(3) £t
' : position ’ PROX_INIT
. PROX_TGT _SUP_LAMB
COMP_XD TBD Computation relative F(3; ft/see
: velocity -

RS_M50_PROX TBD Prox ops Orbiter M50 ] F(3) £t
position: vector

RT_M50_PROX TBD Prox ops target M50 F(3) ft
position vector

_ : PROX_EXEC

VS_M50 PROX IBD Prox ops Orbiter M50 F(3) ft/sec
veloeity vector

?T_-MBO_PROX TBD Prox ops target MSO F(3) ft/sec

% % veloecity vector

R _REL : %é TBD LVLH curvilinear position F(3) ft

vector from REL COMP
. E REL_COMP
V_REL D vy TBD LVLH curvilinear veloeity F(3) ft/sec
C b vector from REL _COMP
DV %% TBD Delta-v vector from OFFSET_TGT F(3) £t/sec

OFFSET_TGT
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TABLE 21.~ QUTPUT PARAMETERS FOR THE PROX_TGT_SUP MODULE

T8FMH3: LT

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS
GUID_FLAG TBD Current maneuver guidance ORBIT MNVR DIP (4.158) D -
option flag PROX_TRANS
. PROX_STAT
T_MAN TBD Time of the computed PROYX_TRANS F sec
maneuver (MET) PROX STIME
PROX_DISP_LOAD
DISP_T1_X TBD Orbiter relative position F(3) £t
at T1 PROX_INIT
_ ORB_TGT_DIP (6.14)
DISP T1 XD TBD Orbiter relative velocity F(3) ft/sec
at T1
T1_%I6 TBD T1 maneuver time (MET) PROX_DISP_LOAD P sec
DT_COMP
T2_TIG TBD T2 maneuver time (MET) PREVR F sec
PROX_TGT_SUF_LAMB
COMP_PROX_DT IBD Delta-t in the PROX DISP_LOAD F min
IR computation buffer DT_COMP
COMP_T2 XOFF TBD Computational desired F ft
‘ : position gt T2
COMP_T2_YOFF TBD Computational desired PROX_TGT_SUP_LAMB F I3
. . position at T2 OMEGA DT_COMP
COMP_T2_ZOFF TBD Computational desired F ft
‘ - position at T2 '
DV_LVLH TBD Impulsive maneuver in LVLH PROX_TRANS F(3) ft/sec
reference frame ' PROX DISP_LOAD
USE_DiSP_REL_STﬁTE TBD Use displayed relative PROX_IGT SUP_LAMB D -
state flag
GOMP_E TBD Computation relative PROX_TGT SUP_LAMEB F(3: fr

position

OMEGA_DT_COMP

e

N
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TABLE 21.- Concluded

TBFMU3: LT

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS

COMP_XD TBD Computation relative PROX_TGT_SUP_LAMB F(3) ft/sec
velocity

DTIME TBD Time internal for predietion REL_PRED F min
computation

X TBD Input relative position for  REL_PRED F(3) £t
the reiative predict task

XD TED Input relative velocity for REL_PRED F(3) ft/sec
the relative predict task

IﬁER_IO“LVC TBD Inertial to curvilinear REL_COMP . b -
conversion flag

DT _OFFTGT Bb Transfer time for F sec
OFFSET_TGT

i_OFFTGT : TBD T1 relative position vector F{3) ft
for OFFSET_TGT QFFSET_TGT

XD_OFFTGT TBD T1 relative velocity vector ‘ F(3) ft/sec
for OFFSET_TGT

¥2_OFFTGT TBD T2 relative position vector F(3) ft
for OFFSET_TGT

R_S_INER TBD Input Shuttle inertial ] F(3) ft
position for REL_COMP

V;S_INER TBD Input Shuttle inertial F(3) ft/sec
veloeity for REL_COMP REL_COMP

ﬁwT_INER TBD Input target inertial F(3) ft
position for REL COMP

V T INER TBD Input target inertial F(3) ft/sec

veloeity for REL_COMP
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TABLE 22.- INPUT PARAMETERS FOR THE PROX TGT_SUP_LAMB MODULE

T8FM43: LT

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS
BASE MET T8D GMT/MET reference time FCOosS F sec
PROX_T1_STAR_STATUS TBD T1 maneuver compute star PROX_EXEC D -~
flag
PROX TGT_ SET_NO TBD ILDAD set number selected ORBIT_TGT DIP (6.14) I -
for targeting
' PROX_EXEC
T1_TIG TBD T1 maneuver time (MET) PROX_TGT_SEL F see
PROX_INIT
PROX_TGT_SUP
PROX_EXEC
T2_TIG TBD T2 maneuver time (MET) PROX_INIT F sec
PROX_TGT_SUP
DT_COMP
PROX T CURRENT TBD Current MET time PROX_STAT F sec
DAY. IBD Converted time for TIMECV I day
HR TBD Converted time for TIMECV I ar
_ TIME CONVRT
MIN: TBD Converted time for TIMECV I min
SEC TBD Converted time for TIMECV F sec
PROX TGT_SEL
CoMP_PROX_DT TBD Delta-t in the PROX INIT F min
computation buffer PROX TGT suP
DT_COMP

OMEGA_DT COMP

no Meod ¥0

FOVA (IVNIDRO,

B
§1

R ¢
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TABLE 22.- Continued

TOFM43:LT

SYMBOL PRECISION DEFINITION SQURCE TYPE UNITS
COMP_T2 XOFF TBD Computational desired F fr
position at T2
PROX_TGT SEL
CoMP T2 YOFF TBD Computationa’ desired PROX_INIT F fe
position ac T2 PROX_TGT sUP
COMP_T2_ZOFF TBD Computational desired F fe
position at T2
TIME PROX TBD Time tag for the M50 state PROX_EXEC F see
(assumed MET) PROX_INIT
EL_ANG TBD Desired elevation angle PROX_TGT SEL F rad
at TPL PROX_INIT
USE_OMEGA DT TBD Use the WT calculation DT_COMP D -
flag
USE_DISP_REL_STATE TBD Use displayed relative PROX_EXEC D -
. flag PROX_TGT_supP
COME*E TBD Computational relative PROX_INIT F(3) ft
position PROX_TGT_SuUP
COMP_XD TBD ‘omputational relative PROX_INIT F(3) ft/see
velocity PROX_TGT SUF
RS_M50_PROX TBD Prox ops Orbiter M50 F(3) ft
position vector
VS_M50_PROX TBD Prox ops Orbiter M50 F(3) ft/sec
velocity vector
_ ‘ PROX_EXEC
RT_M50_PROX TBD Prox ops target MBO F(3) ft
position vector
VT_M50_PROX TBD Prox ops targst M50 F{3) ft/see
velocity vector
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TABLE 22.- Concluded

TOFMU3:LT

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS
R OUT TBD Qutput inertial position F(3) £t
vector
UPDATVP
vV out TBD Qutput inertial vecloecity F(3) ft/sec
veckor
TTPI TBD Predicted time of TPI (MET) TELEV F sec
ELITER
Rs_out TBD Shuttle position vector F(3) £t
Vs_ooT TBD Shuttle velocity vector F(3) ft/sec
RT _OUT TBD Target position vector TELEV F(3) ft
vr_ouT TBD Target velocity vector }  ELITER F(3) fi/sec
TS_0OUT TBD Time of the Shuttle F sec
position vector (GMT)
TF_OUT TBD Time of the target F sec
position vector (GMT)
) .
FE_BEQUIRED TBD Velocity regquired at the PREVR F(3} ft/sec
maneuver time LAMBERT
RS_IPO TBD Initial position offset . PREVR F(3) £t
of Shuttle
ﬁ;BEL TBD LVLH curvilinear position F(3) ft
, vector
_ oS REL_COMP
V_REL - Eﬁ TBED LVLH curvilinear veloeity ' F(3) ft/seec
"8 % vector
- O s .
R_S_INER w5 TBD Input Shuttle inertial F(3) ft
O g position vector
- =3 o REL_COMP
V_S_INER E 0 TBD Input Shuttle inertial F(3} ft/sec
S velacity veetor
¥SLY 2 @ TBD Shuttle-centered LVLH ORBLY F(3) ft/sec
relative veloeity of the
target
P R \1 ; 4
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TABLE 23.- OUTPUT PARAMETERS FOR THE PROX TGT SUP_LAMB MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
GUID_FLAG TBD Current maneuver guidance PROX_TRANS I --
option flag ORBIT MNVR_DIP (4.158)
PROX_STAT
T_MAN TBD Ignition time of maneuver PROX_TRANS F sec
(MET) PROX_STIME
PROX_DISP_LOAD
DISP_T1_X TBD Orbiter relative position F(3) ft
at T PROX_INIT
_ ORB_TGT DIP (6.14)
DISP_T1_XD TBD Orbiter relative veloecity F(3) ft/sec
at T1
PROX_BASE_DAY TBD Targeting base time 1 1 day
PROX BASE_HR TBD Targeting base time _ I ar
T o PROX_INIT
PROX_BASE_MIN TBD Targeting base time ORB_TGT_DIP (6.14) 1 min
PROX_BASE_SEC TBD Targeting base time J F sec
T1_TI1G TBD T1 maneuver time (MET) PRd)ﬁ__TGT_SUP F see
T : : PROX_DISP_LOAD
T2 TIG TBD T2 maneuver time (MET) DT_COMP F sec
v e : PREVR
PROX_BASE_TIME g % TBD Prox ops base time PROX_STAT F sec
. : PROX_INIT
36 y
COMP_PROX_DT Q Eg TBD Delta-t in the PROX DISP_LOAD F min
- ~ ? computation buffer DT CcoMP -
D vy o ‘
COMP_T2_ XOFF (= TBD Computational desired F ft
EE g% position at T2
COMP_T2_YOFF Eg 7 TBD Computational desired OMEGA DT _COMP F ft
position at T2
COMP_T2 ZOFF TBD Computational desired F fe

position at T2




w0l

TABLE 23.- Continued

TBFM43: LT

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS
TIME CONVERT_FLAG TBD Time conversion flag D -=
TIME_CONVRT

TIME SEC TBD Conversion time F sec

DV_LVLH TBD Inpulsive maneuver in PROX_TRANS F(3) ft/sec
LVLH reference frame PROX_DISP_LOAD

EL_AHG TBD Desired elevation angle TELEV F rad

USE_DISP_REL_STATE TBD Use display relative PROX_TGT_SUP D -
state flag

coMp_X TBD Computation relative PROX_TGT_SUP F(3) ft
position OMEGA_DT_COMP

CoMP- ¥D. TBD Computation relative PROY_TGT _SUP F(3) ft/sec
veloeity

IHER_TO _LVC TED Inertial to eurvilinear REL_COMP D -

: conversion flag

R_S INER THD Input Shuttle inertizl F(3) i
position

V_s_INER TBD Input Shuttle inertial F(3) rt/sec
velocity

_ REL_COMP

R_T_INER TBD Input target inertial F{3) ft
position

V_T_INEn TBD Input target inertial F(3) ft/sec

veloeity

-
]
&
3
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TABLE 23.- Concluded
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNLTS
RS_T1TIG TBD Inertial position vector F(3) fr
of Shuttle at T1
VS_T1TIG TBD Inertial veloeity vector L PREVR F(3) ft/sec
of Shuttle at T1
RS_T2TiG TBD Inertial position vector F(3) Tt
: of Shuttle at T2
R_IN TBD Input inertial position F(3) ft
vector
vV IN TBD Input inertial veloeicy UPDATVP F(3) f't/sec
S_0PTION TBD Spacecraft flag in UPDATVP D -
T_IN IBD Time of input state in GMT UPDATVP F sec
T_QUT TBD Time of output state in GWT UPDATVP F sec
R_REL TBD LVLH curvilinear position F(3) ft
vecior
_ ) REL_COMP o
V_REL TBD LVLH curvilinear velocity F(3) ft/sec
vector .
T1_ILOAD_ARRAY TBD Time for the target set PROX_TGT_SEL F(40) min
relative to base time TELEV
E g (MET) ' ' : ILOAD
RT E G TBD Input inertial position ORBLV F(3) ft
. 8 Ea : of target
VT W g TBD Input inertial veloeity GRBLY F(3) ft/sec
g‘ g of target :
RS. E ‘ég TBD Input inertial position ORBLYV F(3) £t
e of Shuttle
- %G
Vs TBD Input inertial veloeity ORBLV F{3) fuv/sec
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TABLE 24.- INPUT PARAMETERS FOR THE OFFSET_TGT MODULE

SYMBOL PRECLSION DEFINITION SOURCE TYPE UNLITS

OMEGA_PROX TBD Orbital angular rate of PROX_EXEC F rad/sec
target

DT _OFFTGT TBD Transfer time F min

X_OFFTGT TBD T1 relative position F(3} fe
vector

¥D_OFFIGT TBD T1 relative veloeity PROX_TGT_SUP F(3) ft/sec
vector OMEGA _DT_COMP

X2 OFFTGT TBD T2 relative position F(3) ft

vector

b
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TABLE 25.- OUTPUT PARAMETERS FOR THE OFFSET_TGT MODULE
SYMBOL . PRECISION DEFINITION DESTINATION TYPE UNITS

by TBD Delta-v vector PROX_TGT_SUP F(3) ft/sec
, OMEGE DT _COMP

: d 30
sprIvod ¥00d
1 o SISO




TABLE 26.- INPUT PARAMETERS FOR

THE REL_PRED MODULE

TBFM43:LT

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS

DTIME TBD Time interval for PROX_TGT_SUP F min
prediction computation

OMEGA PROX TBD Orbital angular rate of PROX_EXEC F rad/seg
target

X TBD Input relative position PROX_TGT_ 3UP F(3) it

%D TBD Input relative veloeity PROX_TGT _SUF F(3) ft/sec

g0l
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TABLE 27.- OUTPUT PARAMETERS FOR THE REL_PRED MODULE ;

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS i

X2 TBD Predicted Orbiter relative PROX_TGT_SUP F(3) fr ;
state position

xD2 TBD Predicted Orbiter relatiye PROX_TGT_SUP F(3) ft/sec

state velocity

|
4
i
:
i
3
1
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o

e ia g e
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TABLE 28.~ INPUT PARAMETERS FOR THE REL_COMP MODULE
S¥MBOL PRECISION DEFINITION SOURCE TIPE UNITS
OMEGA PROX TBD Orbital angular rate of PROX_EXEC F rad/sec
target
IﬁER_ID_LVC TBD Inertial to curvilinear PROX_TGT_SUP D -
conversion flag PROX SUP_LAMB
R_REL TED LVLH ecurvilinear position F(3) ft/sec
vector
PROX_TGT _SUP_LAMB
V_REL TBD LVLH curvilinear velocity F(3) ft/sec
) vector
R_S_INER TED Input Shuttle inertial F(3) £t
position vector
_ PROX_TGT_SUP_LAMB
V _S_INER TBD Input Shuttle inertial F(3)} ft/sec
velocity vector
R_T_INER TBD Input target inertial F(3) ft
position vector PROX_TGT_SUP
_ PROX_TGT_SUP_LAMB
V_T_INER TBD Input target inertial F(3) £t/sec

veloecity vector

i b
M |
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TABLE 29.~ OUTPUT PARAMETERS FOR THE REL_COMP MODULE
PRECISION DEFINITION DESTINATION TYPE UNITS
TBD LVLH curvilinear position F(3) T
vector PROX_TGT_sUP
PROX_TGT SUP_LAMB
TBD LVLH curvilinear velocity F(3) ft/sec
vector
TBD Input Shuttle inertial F(3) ft
position
PROX_TGT_SUP_LAMB
TBD

Input Shuttle inertial F(3) ft/sec
velocity

LLt

IV NIOTEC
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TABLE 30.~ INPUT PARAMETERS FOR THE TIME CONVRT MODULE

TOFM43:LT/2

SYMBOL PRECISION DEFINITION SOURCE TYPE JNITS
DAY TBD Converted time for I day
TIME_CONVRT
HR TBD Converted time for I ar
TIME_CONVRT PROX_EXEC
PROX_TGT_SEL
MIN TBD Converted time for I min
TIME_CONVRT
SEC TBD Converted time for F seec
TIME_CONVRE
PROX_EXEC
PROX_TGT SEL
TIME_CONVERT FLAG TBD Time conversion flag PROX_INIT I -
PROX_TGT_SUP_LAMB
PROX DISP_LOAD
PROX_EXEC
TIME_SEC TBD Converted time PROX_TGT_SEL F sec

PROX_TGT_SUP_LAMB
PROX DISP_LOAD
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TABLE 31.- QUTPUT PARAMETERS FOR THE TIME CONVRT MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
DAY TRD Converted time for | I day
TIME_CONVRT
HR TBD Converted time for PROX EXEC I nr
TIME CONVRT PROX_TGT_SEL
PROX TGT SUF_LAMB
MIN TBD Converted time for PROX DISP_LOAD I min
TIME_CONVRT
SEC TBD Converted time for F sec
TIME CONVRT
TIME SEC TBD Conversion time PROX_EXEC F sec
PROX INIT
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TABLE 32.- INPUT PARAMETERS FOR THE DT _COMP MODULE
SYMBOL PRECISTON DEFINITION SOURCE TIPE UNITS -
1 _TIG TBD T1 maneuver time (MET) F sec
T2_TIG TBD T2 maneuver time (MET) PROX TGT_ SUP F sec
PROX_TGT SUP_LAMB
COMP_PROX DT TBD Delta-t in the F min

computation buffer

$IT
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TABLE 33.- QUTPUT PARAMETERS FOR THE DT _COMP MODULE

TOFMU3:LT/2

SYMBOL

PRECISTION DEFINITION DESTINATION TYPE UNITS
T2_TIG TBD T2 maneuver time (MET) F see
PROX_TGT_SUP
COMP_PROX_DT TBD Delta-t in the PROX_TGT_SUP_LAMB F min

computation buffer
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TABLE 34.~ INPUT PARAMETIERS FOR THE OMEGA DT COMP MODULE

T8FMU3:LT/2

SYMBOL PRECISION DEFINITION SQURCE TYPE UNITS
PROX_TGT SET NO TBD ILOAD set number selected ORBIT TGT DIP (6.14) I --
for targeting
DT _ILOAD ARRAY TED Delta~t's from T1 to T2 F(L40) nin
for target sets
Ef, ILOAD ARRAY TBD Maneuver elevation angle F(40) rad
X0FF_ILOAD ARRAY TBD ILOAD LVLH offset position PROX_INILT F(40) £t
for target sets ILOAD
YOFF _ILOAD_ARRAY TBD ILOAD LVLH offset position F(40) ft
for target sets
ZOFF_ILOAD ARRAY 18D ILOAD LVLH offset position F(40) ft
for target sets )
COMP_T2 XQFF TBD Computational desired F ft
at T2
COMP_T2 YOFF TBD Computational desired F ft
at T2 PROX_TGT SUP
, PROX_TGT_SUP_LAMB
COMP_T2 Z(FF TED Computational desired F It
at T2
COMP__E e TBD Computation relative F(3) 't
g E position .
OMEGA PROX ?8 GE)‘ 8D Orbital angular rate of PROX EXEC F rad/sec
o target
_ B |
DY £ w TBD Delta-v vector OFFSET_TGT F(3) fe/sec
oy Fﬁ . '
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TABLE 35.. OUTPUT PARAMETERS FOR THE OMEGA DT COMP MODULE

TBFM43:LT/2

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
COMP_PROX_DT TED Delta-t in the PROX_TGT_SUP F min
computation buffer PROX_TGT_SUP_LAMB

DT QFFTGT TBD Transfer time F sec

X OFFTGT TBD T1 relative position vector F({3) ft

ﬁ OFFSET_TGT

XD OFFTGT TBD T1 relative position vector F(3) ft/see
X2 _OFFTGT TBD T2 relative position vector F(3) £t

o




TABLE 36.- INPUT PARAMETERS FOR THE TELEV MODULE
SYiBOL PRECISION DEFINITION SOURCE TYPE UNITS
BASE MET TBD GMIMET reference time FCOs F sec
PI iBD Mathematical constant
T1_TLOAD ARRAY TBD Nominal time of maneuver F(40) min
for targets
EL_TOL TBD Tolerance between computed ILOAD F rad
: and desired elevation angles
EL_DH TOL TBD »Elevation angle-differential F —
altitude incompatability :
tolerance ]
TIME PROX TBD Time tag for M50 state F sec
(assumed MET)
PROX_TGT_SUP_LAMB
B EL _ANG TBD ' Desired elevation angle F ) rad
k at TPI
(=} . A
- RS_M50_PROX TBD Prox ops Orbiter M50 } F(3) £t
: ' position vector
RT_#50_PROX TBD Prox ops target M50 : F(3) £t
: position vector o L e
o B - : . h L _ 'PROX_EXEC
¥S 150 PROX TBD Prox opg Orbiter- M50 . F(3) fi/see
T e A velocity veetor
fT_MSU_PROX TBD Prox ops target M507 L . F(3) ft/sec
L . velocity veetor SR :
R_OUT SO TBD Output- inertial position F(3) £t
=p E’, ’ vector
- : v G : UPDATVE
CFour .. .. &2 TBD Output inertial velocity - F(3) ft/sec
T e w% vectpp ) R )
€
&8
i I‘_, i i!: FEIT

TBFMU3:LT/2
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T8FMU43:LT/2
TABLE 36.- Concluded
SYMROL PRECISION DEFINITION SOURCE TYPE UNLTS
TTPI TBD Predicted time of TPI in ELITER F sec
MET
EL _ANG COM TBD Computed elevation angle COMELE F rad
ERR_PRIME TBD Previous value of the F rad
elevation angle guess
ITPI_PRIME TBD Previcus value of the TPI ELITER F sec
time guess
TBD Iteration counter I -
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TABLE 37.- OUTPUT PARAMETERS FOR THE TELEV WMODULE

T8R4 3 LT/2

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
S _OPTION TED Spacecraft flag for UPDATVP ) D -
R_IN TBD Input inertial position F(3) £t
vector
v N TBD Input inertial veloeity UPDATVP F(3) ft/sec
vector
T_IH TBD Input time in GMT F soz
T_OUT TBD Output time in GMT F sec
RS_OUT TBD Shuttle position vector F(3) fe
V5_0UT TBD Shuttle velocity vector F(3) ft/sec
ELITER
RT_OUT TBD Target position vector F(3) fr
VT _OUT TED Target veloeity vector F(3) ft/see
As_com TED Shuttle inertial position F(3) ft
V5_coM TBD Shuttle inertial velocity COMELE F(3) ft/sec
RT CoM TBD Target inertial position F(3) £t
ERR_PRINE 8D Previous value of the F rad
T dependent variable in
search of elevation angle L
ELITER
TIPL1-PRIME TBD Previous value of the . F sec
’ - independent variable in
search. of elevation angle
TIPI TBD Predicted time of TPI (MET) ELITER ¥ seec

PROX_TGT SUP_LAMB

Bl FOVd IVNIOTEO

o
=3
as)
2
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T8FMU3:LT/2
TABLE 38.- INPUT PARAMETERS FOR THE PREVR MODULE
SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS
BASE_MET TBD GMT/MET reference time FCOS F sec
PI TBD Mathematical constant ILOAD F -
WS TBD Weight of the Orbiter ON_ORB_UPP (4.22) F fr/sec”
R_TOL TBD Convergence tolerance in F ft
the terminal point offset
iteration
EARTH_MU TBD Earth gravitational constant F £t3/sec?
N MAX TBD Maximum allowed number of ILOAD I -
iterations
CONE TBD Angular tolerance used to F rad
determine if the transfer
angle ~ 180°
N _MIN TBD Minimum allowed number of I -
iterations
L,
T1_TIG TBD T1 maneuver time (MET) F sec
T2_TIG TBD T2 maneuver time (MET) F sec
ES_T1TIG TBD Inertial position ‘vector F(3) ft
of Shuttle at T1 TIG
_ PROX_TGT_SUP_LAMB
Vs _TI1TIG TBD Inertial velocity vector F{3) ft/sec
of Shuttle at T1 TIG
RS_T2TIG TBD Inertial position vector F(3) ft
of Shuttle at T2 TIG
R_OUT 1BD Output inertial position F(3) ft
vector
- UPDATVP
v_0uT TBD Output inertial velocity F(3) ft/sec
vector
VS_REQUIRED TBD Velocity required at the LAMBERT F(3) ft/sec

maneuver time




T8FMB3: LT/2
TABLE 38.- Concluded
SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS
G TBD Gravitational constant ) F _ ft/sec?
ILOAD
THRUST TBD Thrust of the propulsion (- F 1bs
system :
-
R
™
no o
a7
™ G
Q2
P&
‘0
‘c:‘gi
%; (]
$a =
- ; ik, )‘{:;‘»m
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TABLE 39.- OUTPUT PARAMETERS FOR THE PREVR MODULE

SYMBOL PRECISION DEFINITICH DESTINATION TYPE UNITS

5 _ROTATE TBD Rotation flag for near- D -
180° transfers

R_OFFSET TED Offset position vector PROX_TRANS F(3) £t
(inertial)

T_OFFSET TBD Time of offset position F sec’
vector in MET

R_IN TBD Input inertial position F(3) ft
vector

VN TBD Input inertial veloecity ?’ F(3) fu/sec
vector UPDATVP

T_IN TBD Time of input state in GMT F sec

T_QuT TBD Time of output state in GMT/ F sec

ALARM TBD Alarm flag indicating error — I —

Rs_TPO TBD Initial position offset in F(3) ft
GMT

N TBD Unit normal along the F{3) —_—
Shuttle angular momentum LAMBERT
vector

DEL T TRAN TBD Transfer time ¥ sec

¥S_REQUIRED TBD Velocity required at the PROX_TGT SUP_LAMB F(3) ft/sec

maneuver time

s
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TABLE 40.- INPUT PARAMETERS FOR THE COMELE MODULE

T8FMU3:LT/2

SYMEOL PRECISION DEFINITION SOURCE TYPE UNITS
P1 TBD Mathematical constant TLOAD F -
RS_COM TBD Shuttle inertial position F(3) ft
¥s_coy TBD Shuttie inertial veloecity - TELEV F(3) ft/sec
RT_coM TBD Target inertial position F(3) 37
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TARLE 41,- OUTPUT PARAMETERS FOR THE COMELE MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UHITS
EL_ANG_COM TBD Computed elevation angle TELEV F rad
S 5’

o TS [Py

e s b . g
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TABLE 42.- INPUT PARAMETERS FOR THE ELITER MODULE

T8FMU3:LT/2

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS
BASE MET TBD GMT/MET reference time FCOS F sec
DEL _T_MAX TBD Maximum step size used ILOAD I --
during an iteration
R_OUT TBD Output inertial position F(3) £t
vector
- UPDATVP
V_ouT TBD Output inertial veloeity F(3) fe/sec
vector
TTPI TBD Predicted time of TPI TELEV F sec
{MET)
RS_0UT TBD Shuttle positien veetor F(3) Tt
Vs_ouT TBD Shuttle veloeity vector F(3) ft/sec
— TELEV
RT_QUT TBD Target position vector F(3) £t
IT_ouT TBD Target veloeity vector F(3) ft/sec
X _IkD TBD Independent variable F -
X _DEP_PRIME TBD Previous value of the ITERY E -
dependent variable
X_IND PRIME TBD Previous value of the F -
) % independent variable
2]
ERR va TBD Guess of the elevation ‘ F rad
s} Ei angle
[»]
ERR_PRIME w TBD Previous guess of the F rad
%% ; elevation angle TELEYV
TTPI_PRIME g:,- TBD Previous guess of the F see
B TPI time
X3
N TBD Iteration counter I -
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TABLE 43.- OUTPUT PARAMETERS FOR THE ELITER MODULE

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS

5_OPTION TBD Spacecraft flag for UPDATVP }° I et

R_IN TBD Input inertial position F(3) fe
vector for UPDATVP UPDATVP

V;IN TBD Input inertial veloeity F(3) ft/sec

: for UPDATVP

TTPI TBD Predicted time of TPI TELEV F sec
(MET)

T_IN TBD Time of input state to F sec
UPDATVP in GMT

UPDATVP

T_OUT TBD Time of output state to F sec
UPDATVP in GMT

RS_OUT TBD Shuttle position vector F(3) . £t

Vs_ouT T8D Shuttle veloeity vector F(3) ft/sec

Rr_ouT TBD Target position vector F(3) ft

- PROX_TGT_SUP_LAMB

VT_OuT TBD Target velocity vector F(3) ft/sec

15_0UT TBD Time of the Shuttle F sec
position vector (GMT)

TT_OUT TBD Time of the Target position F sec
vector (GMT) ;

IC TBD Tteration counter to ITERV \ I -

X_DEP TBD Dependent variable to ITERV F -

X_IND TBD Independent variable to ITERY F -
ITERY

X _DEP_PRIME TBD Previous value of the > F -
dependent variable to
ITERV

X IND _PRIME TBD Previous value of the F -
independent varishle to
ITERV /




TABLE 43.-~ Concluded

TBFMU3:LT/2

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
ERR_PRIME TBD Previcus guess of the ) F rad
elevation angle
TTPI_PRIME TBD Previous guess of TPI TELEV F sec
in MET ’
N TBD Iteration counter for I -
ELITER J
3
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TABLE 44,- INPUT PARAMETERS FOR THE LAMBERT MODULE

SYMBOL PRECISION DEFINITION SOURCE TYFE UNITS
EARTH_MU TBD Farth gravitational constant | F £t3/sec®
N _MAX TBD Maximum allowed number of I -
iterations
BU TBD Small deviation to prevent TLOAD I —-—
orbit from being almost
parabolic
. EP_TRANSFER ‘ TBD Parameter %o test if ¥ -
transfer angle is close
to 0°
EPS_U TBD Parameter to test F -
- convergence of the Newton-
Raphson iteration ]

o R_OFFSET TED Offset position vector ' F(3) £t
(%]
° RS_IPO TBD Initial position offset . , F(3) £t
' of Shiittle
- ' ) PREVR
" UN TBD Unit normzl along the F(3) -
) Shuttle angular monentum
vector

'DEL_T TRAN TBD Transfer time / _ F sec




S¥MBOL

ALARM

TABLE 45.- OUTPUT PARAMETERS FOR THE LAMBERT MODULE

VS_REQUIRED

PRECISION DEFINITION
TBD Alarm flag to show error
TBD

Velocity required at the
maneuver time

08T
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T8FMu3:LT/2

DESTINATION

PROX_TGT _SUP_LAMB
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TABLE 46.~ INPUT PARAMETERS FOR THE UPDATVP MODULE

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS
GMD_PRED_1 TED Gravity Model Degree Flag \ b -
GMO_PRED_I TBD Gravity tModel Order Flag D -
ATM T TBD Attitude Mode Flag b -
ILOAD
DMP_I TBD Drag Model Flag > D (2) -
WP I TBD Vent Model Flag D (2) -
PRED_ORB_MASS I TBD F (2) -
PRED ORB CD_I TBD Onorbit Predictor Drag / F (2) -
PRED_ORB_AREA_I TED F (2) -
S_OPTION TBD Spacecraft Flag for \ I . -
UPDATVP
R_IN TBD Input Inertial Position PROX_TGT_SUP_LAMB F (3) fr
for Veector for UPDATVE TELEV
_ PREVR
V_IN TBD Input Inertial Veloeity > ELITER F (3) fe/sec
T_IN TBD Time of the.Input State to F sec
UPDATVP in GMT
T_OUT TBD Time of the Qutput State to j. F ) sec
~ O UPDATVP in GMT / : o ' - ;
29 | -
g5
L

EErvno
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T

TBFM43:LT/2
TABLE 47.- OUTPUT PARAMETERS FOR THE UPDATVP MODULE
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
R oUT TBD Output inertial position F(3) e
vector PROX_TGT_SUP_LAMB
TELEV
V_OUT TBD Qutput inertial veloeity PREVR F(3) ft/sec
vector ELITER
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TBEMU3
TABLE U48.- INPUT PARAMETERS FOR THE ITERV MODULE

SYMBOL PRECISION DEFINITION SOURCE TYPE UNITS

DEL_X_GU&38 TBD AX guess for iterator if \ F -
no prediction is possible

IC _MAX TBD Maximum allowed number of i —_—
iterations > ILOAD

DEL X TOL THD Tolerance of dependent F -
variable to ensure that a
slope exisis )

Ic TBD Iteration counter in ITERV ) I -

X_DEP TBD Dependent variable to LTERV F —

X_TND TBD Independent variable to F -~
ITERV > ITERY

X _DEP_PRIME TBD Previous value of the de- F -
pendent variable to ITERV

X_IND PRIME TBD Previous value of the inde- F -—

pendent variable to ITERV )

g1 @OV {IVNIOEO
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TABLE 49.- OUTPUT PARAMETERS FOR THE ITERV MODULE

T8FM43:LT/2

SYMBOL FRECL3TON DEPINITION DESTINATION TYPE URLITS

X_INp IBD Independent variable to F -
ITERY

X_DEP PRIME TED Previous value of the depen- \ ELITER F -
dent variable

X _IND PRIME - TBD Previous value of the in- F -
dependent variable

SFAIL 1BD Flag set if maximum number - D ——

of iterations occurred
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target

78FMY3: LT/2
TABLE 50.- INPUT PARAMETERS FOR THE ORBLV TASK

SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS

RS TBD Input inertial position of \’ F(3) fe
Shuttle

Vs TBD Input inertial velocity of F(3) ft/sec
Shuttle » PROX_TGT SUP_LAMB

RT TBD Input inertial position of F(3) ft
target

VT TBD Input inertial veloeity of F(3) ft/sec
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TABLE 51.- OUTPUT PARAMETERS FOR THE ORBLV TASK
SYMBOL PRECISION DEFINITION DESTINATION TYPE UNITS
¥sLv TBD Shuttle-centered LVLH PROX_TGT_SUP_LAMB F(3) f£t/sec

relative veloecity of target

na 30
QLS

015 X0
wa YNE

T
§1 90

S T SR

3 A T e tam et i SN gt e i 7

o v R A A AT 9L

IS B i i i Canm £ St

s



- Y

LeT

XEXXKKXX/ XXX ORBIT TGT XX X DDD/HH:MM:SS

DDOD/HH:MM:5S
MNVR TIG - A¥X avy AVZ AvVT
XX X X/XXoXXoXX XXX X 2XX.X #=XX. X xXXX.X
INPUTS CONTROLS
1 T&T NO X T2 T0 T1 25
2 TI TIiG X/gﬁ XX:XX XXXX 26
6. EL FRXX. XX COMPUTE T1 27X
7 AX/DNRNG [EKXX.XX " COMPUTE T2 28%
8 AY EXXX . XX L
9 AZ/aH [#XRX . XX
0 ax XXX, XX
1 ;AY XXX, XX
2 Al XXX XX
3 T2 TIG X/XX:XX:XX
7 AT 1XX.X
8 AX ERXX. XX
9 aAY XXX XX
0 AZ KX . XX
1 BASE TIME X/XX:XX:XX

(XX)

Figure 1.- Orbit targeting generic display.
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PROX_EXEC

PROX_STAT

PROX SEL

PROX_INIT

PROX_TRANS

PROX_TGT_SUP

0)0]6]0,

REL_PRED

Secondary routines
(i.e., called from
more than one routine)

L}
-

yaoteo.

HO.

e
Q
2%

2
4

B

1 9oV

\,

OMEGA_DT_COM

P.

PROX_STIME | PROX_DISP_LOAD

TELEV |

(fj ,

PROX_TGT_SUB_LAWNB

PREVR

LOMGLE {. -

ELITER

TIME_CONVRT

®

(:) 'DT;pOﬁé;
(3) |orrser_ter
(&) |re_cowp
©) FoPDATYP
(:) (TTERY
@

ORBLY

OOVEE

LAMBERT

Figure 2.~ Orbit targeting specialist function task organization.



INPUT

ON_ORB_UP (4.22)

o Target state vector
and time

o Orbiter state
vector and :time

ORB TGT DIP (6.14)

o Targeting inputs

T8FMU3
QUTPUT

ORB TGT DIP (6.14)

o Solutions to
maneuvers

o Targeting inputs

o Targeting
discretes

ORBIT
TARGETING SPECIALIST

FUNCTION (5.10)

ORBIT MNVR DISP (6.35)
o Time of ignition

o Maneuver targets
(external AV comp.)

SYSTEM SOFTWARE

o Current time

PN
!

ORBIT MNVR.DIP (4.158)
o Guidance option

o Lambert inputs

SYSTEM SOFTWARE

o Countdown time to
next nonexecuted
mansuver

Figure 3.~ Orbit ‘targeting specialist function data flow.
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ENTER

PROX_EXEC

‘PROX_FIRST_PASS_STATUS = ON?

\ -
- T —

/

—— e e e O S . e o v S et M o . e s e vam e S e i maam o e v ol

a

TIME_CONVERT_FLAG = i

]
!
i
" DAY = BASE_START DAY A
_.HR = BASE_START_HR |
MIN = BASE_S1ART_MIN 3}
"SEC = BASE_START_SEC i
[]
= ]

]

'

I

IIME CONVRT

Convert to seconds

PROX_BASE_TIME = TIME SEC

]
|PROX_BASE DAY
|PROX_BASE_HR
{PROX_BASE MIN
i PROX_BASE_SEC

BASE_START_ DAY}
BASE_START_HR |
BASE_START _MIN}
BASE_STA4RT_SEnN}

nonwon o

TI_TIG = 0; T2_TIG = O
PROX_T1_STAR_STATUS = OFF

FROX_T2_STAR_STATUS = OFF

8FMU3

?SEt base time to ILOAD values.

Display base time.
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A B

PROX_FIRST_PASS_STATUS = OFF

Change base time?

-

PROX_LOAL_FLASH = OH

PROX_I&EM"21TO24_STATUS = ON? Pmmmmm—m
1

Check to see if maneuvers are in the past
PROX STAT

i
i
!
Set maneuver status flags |
b
)

Select target no.?

T
o
| . \ | ;
| PROX_ITEM_1_STATUS = ON? ) SO ! PROX_TC :
i 7/ ! }
E ! Loads buffers from ILOAD |
1 ]
; / ; -
t {
3 I
3 1
i i ’ i
E ! PROX_ITEM 1_STATUS = OFF !
t ]
: ' ’
i
! T2 T
i . A\ { . f
| PROX_ITEM 25 STATUS = ON? demmmmree—| T1_TIG = TZ2_TIG < ! Change computational buffer.
[ . . - . . / 1 H
' : ' : '
’ :
i H
c D
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Figure 5.~ Continued. P
e, v :_V,e-:-»»-.—.r_ ,4 s ‘ & ey

—




-

: rUFMUB

e . ————— i ——

d
g ALl PAGE 18
0 ﬂMmHmmmm . h&ummruﬁ&%
T o BOOB ©
B
©
—
=}
[
e
o
W
B0
=
o
. =]
o
. , e
.- ; | _W =
= [=)
! = It .
= [
: i - M v
H n . ..n [+ 2 fa 24
1w o ¥ h Bt 0 < .
< HE o <o &2 B
fal —— ] ad e B P ot S D [l >l —_—————) 73] m
B R | ) = ; | {
| s o wonou e (o) =)
0 A ) ] g Y <q
[+ [ T -] Q2
= T : o T ot o 3
. = ‘a (=R 5] = |
Z O = s I 1711 < Bl >e
(=] =1 [ [~ - — Q
Qo - w : 3] Bps, E-diEmy B | o
| | : o (DY N b [
m % . 04 By By (=]
. H- = . wm o ~
= = . =] - =1 Hut ay
BHoe | B anoA
{
1
o I
[ )
) )
@ A
L
0
T
ke
o o
) =
h o
=% "
A 0
| E
o =
] )
[~ [}
i 1
= (=)
© S
&
2_
£ om o o e i o e o b e o i o s i S e i i e e o e e e e o o o] .m
¥ »e
o [ ]
]
a,

1]

Page 3 of 6

ure: 5.~ Continued 1 iy




T8FM43

Load?

PROX_I‘.’[‘EH_BS_STATUS = OH? P e PRO HIT

Load buffers from display

-

1

VPROX_ITEl 2T020_STATUS = OFF
1

! -
{PROX_ITEM_21T02Y4_STATUS = OFF
1

[}
|PROX_ITEl_26_STATUS = OFF
1

1
{PROX_LOAD_FLASH = OFF
1

Compute T1?

fein oot s mem S e e e L e AL S M S W e W

\
PROX_ITEM 27 STATUS = OH? ) -
/

PROZ_Ti_STAR_STATUS = OH

"t

Use displayed T1 state?

e o o

- _ A
If DISP_Ti_ ¥4, DISE_T1 Xp,  \ then
\

USE_DISP_REL_STATE

OFF}
1

DISP_T1_X3, DISP_T1.XDq, \

DISP_T1_¥Dp, or DISP_T1_XDs  pu—

is blank or Ti_TIG < /

¥

USE_DISP_REL_STATE = ON

PROZ_T_CURRENT /

e v Py b bpmm A e S SRSA

PROX_ITEM_27_STATUS = OFF

e B Ay
——

Ml wwn T e e S Eim e R W W W W WE e T e e W m e mm

Page 4 of 6
Figure 5,~ Continued e g




L. J S O i i T

——

© L eoFHU3

R femene

m

Compute T2 only?

o o —

e e - \
PROX_ITEM_28_STATUS = ON?  I—

PROX_T2_STAR_STATUS = ON

USE_DISP_REL_STATE = OFF

-

{
!

PROX_ITEM 28 STATUS = OFF

Get M50 inertial states and time tag.

i
1}

PROX_Ti_STAR_STATUS = ON? \  %50_PROX = R_AVGG

S_M50_PROX = V_AVGG |,

or Do !

PROX_T2_STAR_STATUS = ON? / RT_M50_PROX = R_TARGET

i
)

v,

VT_M50_PROX- = V_TARGET

.

_If USE_DISP-REL STATE = OFF, \

=
-
wn

S ' . fm D | TIME PROX = T_STATE - BASE_MET
or PROX_TGT_SET_NCG < NLAMB / !
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