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SECTION 1
FLIGHT PROGRAM STRUCTURE AND ORGANIZATION
1.1 STRUCTURE AND ORGANIZATION

The flight program which is structured modularly, is composed of two basic
subsystems: the control subsystem and the application subsystem. The
control subsystem controls the sequence and order of execution of all

programmed functions in the application subsystem.

The application subsystem provides a master pool of all defined LVDC func-
tions which can be used to generate a total flight program configuration
for any given mission task. It is composed of a collection of relatively
independent, closed program modules. Each application module is designed
to perform one or a number of related functions; e.g., accelerometer read-
ings, chi computations, orbital navigation. As new requirements are
defined , new modules may be added to the application subsystem. The
‘ operational linkage, sequence, and execution of the application modules for

a given mission are governed by the Control Program.

The control subsystem consists of the Control Program and a common communi-
cations area which allows for centralization of inter-module communications,
common data and indicators, and mission or vehicle dependent parameters.

The Control Program, composed of sub-programs and tables, controls the
execution of application modules, services interrupts and routes control to
the appropriate application module on a priority basis, and provides

utility operations.

At flight program assembly time, the application modules and their mode of
operation, sequence, and time frame of execution are specified via system
macros. The LVDC Assembler automatically selects the specified modules
from the application subsystem and appropriately links them to the Control
Program and the common communications area. As requirements are changed
. and new modules are defined, the flight program configuration may easily

be changed at assembly time by identifying different or additional modules.




Hence, the modular construction and control concepts of the program provide
a high degree of flexibility and ease of maintenance in order to minimize
overall impact and response time for modifications due to varying mission

requirements.
1L CONTROL PROGRAM

The Control Program is a group of interacting sub-programs whose primary
purpose is to control the sequencing and scheduling of the execution of
individual application program modules to meet the operational requirements
of a given LVDC mission. It examines interrupts and priority control tables
to determine order of module execution and provides a means of transferring
operational control to and from the modules. The design and organization of
the Control Program is based on the use of sets of master queue/control
tables by which the application requirements of any given mission can be

specified.

The flight program task is divided into distinct mission segments or phases
according to different overall vehicle modes of operation throughout the
mission. A phase includes all functions required to be accomplished within
a certain time frame of the mission such as powered flight or orbital
operation. The number of phases and functions within a phase are defined
via system macros independent of the Control Program. Functions within a
mission phase must be executed at different frequency rates with different
timing precisions. Thus, modules, according to théir particular timing
requirements, are assigned via system macros to operate under a specific
sub-program of the Control Program. The structure (see Fig. 1-1) of the

Control Program consists of the following sub-programs:

e Mission Executive: Governs phase-to-phase transition throughout

the entire mission.

e Phase Initializer: Initializes master queue/control tables to

proper status at the start of each defined mission phase.

III-1-~-2
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e Non-Interrupt Sequencer: Controls the execution of those modules

which make up the basic iterative computation cycle of any phase,

i.e., those functions of a non-priority nature which are to be

operated as a part of a repetitive, ordered sequence.

@ Periodic Processor: Controls the execution of those modules of a

non-priority nature but which are to be executed a given number of

times within a specified, but not precisely rigid, time frame.

e Interrupt Processor: Services both hardware and program controlled

interrupts and routes control to the appropriate program module on

a priority basis.

e Timer 1 Scheduler: Schedules the use of the Timer 1 interrupt to

control the execution of priority modules which require operation

at an exact time or at a precisely cyclic rate.

e Timer 2 Scheduler: Schedules the use of the Timer 2 interrupt to

control the execution of priority modules of a lower order than

those under Timer 1 but which also require operation at a specific

time or rate as precisely as possible.

1.2.1 Mission-Phase Initialize

The Mission Executive performs general system initialization, determines
which phases of the specified mission are to be executed, selects required
control words for phase initialization, gives control to the Phase Initia-
lizer to initiate phase execution, and performs all required system
terminal housekeeping at mission end. The Phase Initializer sets the
module queue $tatus for the selected phase, executes the phase initializa-
tion module, and schedules the next Timer 2 operation before passing

control to the Non-Interrupt Sequencer.
1.2.1.1 Mission Executive

Upon initial entry, the Mission Executive (see Fig. 1-2) inhibits all inter- .

rupts, initiates real time clock readings and initializes accumulated time

ITI-1-4
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in mission and time base reference. The program then performs all initiali-

zation required for the proper operation of the Interrupt Processor and the

Timer 1 Scheduler.

The Timer 1 Scheduler is called to initiate operation of the Timer 1 inter-
rupt counter. Control is then returned to the Mission Executive for phase
selection. The Timer 1 interrupt inhibit is not removed until the com-

pletion of first phase initialization.

The Mission Executive determines the next phase to be executed by means of
a special active phase indicator word. This indicator consists of individ-
ual bits arranged in chronological order for each phase defined. Each bit
indicates whether or not the corresponding phase is to be executed. At
program generation time, all phases defined are set active. If there are
no more active phases to be executed, the Mission Executive will perform
all required terminal housekeeping functions and enter a terminal loop. If
any active phases remain to be executed, the next in order is selected.
Control words associated with the phase that is to be executed are obtained
from the Phase Selection Table and supplied to the Phase Initializer. The
Mission Executive then gives control to the Phase Initializer and is not
re-entered again until phase execution is completed. Since phase termina-
tion will normally be dependent upon a particular function or calculation
performed by some application module, it will be the responsibility of that

application module to accomplish Mission Executive re-entry at phase end.

Two entry points are provided to terminate a phase. One entry point allows
a specific phase to be selected whereas the other entry automatically

selects the next chronological phase. Upon phase end entry, the Mission

Executive halts the Timer 2 interrupt counter to avoid any Timer 2 interrupt

scheduled but not completed in the previous phase. Timer 1 interrupts are
allowed to operate during next phase selection and initialization. The
program then proceeds to select the next phase or to enter the terminal

loop.
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1.2.1.2 Phase Initializer

Upon entry from the Mission Executive, the Phase Initializer (Fig. 1-3) uses
control information supplied to it to set the master queue tables to the
initial queue status specified for the selected phase. The information also
provides the linkage to the appropriate application initialize module and to
the Sequential Control Table for that phase. After all queue tables are
initialized, the Phase Initializer executes the user application initialize
module which returns control upon completion. The Timer 2 Scheduler is then
called to initiate operation of the Timer 2 interrupt counter. At comple-
tion of Timer 2 scheduling, control is passed to the Non-Interrupt Sequencer
to control the execution of the application modules which comprise the basic

iterative cycle.

1.2.2 Basic Iterative Cycle

The basic iterative cycle consists of the Non-Interrupt Sequencer and
Periodic Processor sub-programs, both of which are essentially executable
tables. These sub-programs control the sequence and time of execution for

the majority of the application modules.

The Non-Interrupt Sequencer determines if a module under its control is to
be executed, and if so, accesses the module and the Periodic Processor. The
Periodic Processor determines for modules under its control whether they are
to be executed, and if so, if it is time for their execution. When the Non-
Interrupt Sequencer has examined each module under its control, it recycles
to the first module and repeats the process; hence, the name Basic Itera-
tive Cycle. The iterative cycle, or computation cycle, is terminated when
some application module returns control to the Mission Executive at phase

end.

The Non-Interrupt Sequencer and Periodic Processor determine whether a
module is to be executed by means of its queue status. The system queue
tables specify for each application module whether the module is queued-in
or queued-out. A module which is queued-in will be executed at the proper

time. A module which is queued-out will not be executed until it is
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queued-in. Changing a module's executable status is known as queuing.
System macros are provided so that a module at any time may change its own

or another module's queue status.

1.2.2.1 Non-Interrupt Sequencer

Essentially, the Non-Interrupt Sequencer (Fig. 1-4) consists of a number of
tables: a Sequential Control Table for each phase of the mission and a
single Sequential Queue Table for the total mission. Each control table is
an executable table; i.e., it is made up of executable instructions. It is
actually one of these tables that is given control at completion of phase
initialization. The selected table will remain in control executing
associated application program modules in an iterative loop until some user
application module detects phase end conditions and effects re-entry to the

Mission Executive.

Each entry in the Sequential Control Table picks up a specific entry from
the Sequential Queue Table and checks to see if it is queued-in. If the
entry is queued-in, the corresponding application module is executed, and
control is passed to the Periodic Processor. When the entry is not queued-
in or when control is returned at the completion of periodic processing,

the next control table entry in sequence is processed. After the last entry
in the phase Sequential Control Table has been processed, a transfer to the
beginning of the table is made and the processing procedure is repeated.
This iterative loop will continue until some application module returns

control to the Mission Executive at phase end.

1.2.2.2 Periodic Processor

The Periodic Processor (Fig. 1-5) is entered from the Non-Interrupt Sequen-—
cer after each application module execution. The Periodic Processor is
basically an executable queue/control table, the Periodic Table. This table
consists of entries to time tests which provide for servicing time-dependent,

periodic application modules.
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Upon entry, the first item in the queue/control table is processed. If the

entry is queued-in, an associated time test is made to determine whether or .

not a corresponding application module is to be called. If the time test is
passed, the application module is executed and time for its next execution
updated. The next entry in sequence in the queue/control table is then
processed in the same manner. If a table entry is queued-out, no time

test or application module will be executed before proceeding to the next
entry. Likewise, if a time test is not passed, the corresponding applica-
tion module will not be executed before proceeding to the next table entry.
Control is returned to the Non-Interrupt Sequencer after all Periodic Table

entries have been processed.

1.2.3 Interrupt Processor

The Interrupt Processor services all LVDC/LVDA interrupts under four basic

levels of priority as follows:

Level 4: TLC (LVDC Simultaneous Memory Failure) interrupt.

Level 3: Timer 1 interrupt.

Level 2: External interrupts by order of assignment to the LVDA

Interrupt Storage Register (ISR).

Level 1: Timer 2 interrupt.

These levels determine the order in which processing will occur whenever
more than one interrupt requires servicing at the same time. They also
indicate the degree of priority provided for associated application module
processing (Level 4 is the highest priority.) See Fig. 1-6. Processing at
any level may be interrupted and delayed until all required processing at
the higher level is completed. All processing performed on a non-interrupt

basis is effectively at level 0, the lowest priority level.
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The timer schedulers also make use of a priority scheme in selecting the
next application modules to be serviced by the timer interrupts. This
priority scheme, however, is only in effect when at least two application
modules specify identical times for use of the same timer interrupt. In

this case, the latter application module will be selected.

There are two basic classes of interrupts serviced by the Interrupt

Processor: program controlled interrupts and external interrupts.

There are two program controlled interrupts: Timer 1 (formerly the minor
loop counter) and Timer 2 (formerly the switch selector counter). Both of
these counters operate at a 492.2 microsecond rate. Timer 1 is a continu-
ously operating or wrap—around counter which will automatically generate an
interrupt every 4.032 seconds (maximum counter value) if not under program
control. Timer 2 is not a wrap—around counter. It will generate an inter-

rupt only if initiated under program control.

These timers are used to service application modules requiring high timing
accuracy on a requested or cyclic basis. The timer counters are controlled
only by the system scheduler routines (one is provided for each timer)

which determine when the next timer interrupts are to occur and the applica-
tion modules to be serviced. The Interrupt Processor allows Timer 2 sched-
uling and the application modules serviced by Timer 2 to be interrupted by
Timer 1. Timer 1, therefore, is intended for use by high priority functions

while Timer 2 is for functions of a lower priority.

All LVDC/LVDA interrupts other than the timer interrupts are externally
controlled; i.e., the interrupts generated are a result of the occurrence

of an external event or hardware malfunction. All application modules
serviced by ,these interrupts are required to return control to the Interrupt
Processor upon their completion. The Interrupt Processor will then return

control to the last interrupted location.

1.2.3.1 Timer 1 Scheduler

The Timer 1 interrupt is reserved for modules whose operational accuracy

requirements demand stringent timing. The Timer 1 Scheduler (Fig 1-7) is
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designed to determine which of two modules is to execute next and to

schedule the Timer 1 interrupt.

The Timer 1 Scheduler gives a higher priority to one module when both
modules are scheduled for the same time or are late. The higher priority
module (the Program Macro Definition sub-section describes the macro by
which the priority is specified) is predominantly used for minor loop
operations. The lower priority module is predominantly used for switch
selector operations. The two application modules and/or their entry points

may be changed by queuing operations from other modules.

The Timer 1 Scheduler is entered from the Interrupt Processor following the
execution of a Timer 1 module or from an application module whenever a
Timer 1 queuing operation is performed. Upon entry, the scheduler will
decide which module requires the use of the next Timer 1 interrupt. Proper
linkages for the execution of the selected module by the next Timer 1 in-
terrupt are set-up, the Timer 1 counter is loaded with the associated time-

to-go, and control is returned to the Interrupt Processor.

1.2.3.2 Timer 2 Scheduler

The Timer 2 Scheduler is automatically entered from the Interrupt Processor
whenever any module serviced by the Timer 2 interrupt completes processing.
See Fig. 1-8. It is also automatically entered whenever any Timer 2
queuing operation is performed. The Timer 2 Scheduler is basically an
executable table, the Timer 2 Table. This table consists of entries to
time tests which provide for servicing time-—dependent priority application

modules on a requested basis.

Upon entry, the scheduler first selects itself as a module to be executed
four seconds later. This is done to maintain control of scheduling in case
no application module requires the use of the Timer 2 interrupt within the
maximum time delta (4.032 seconds) which the timer can accommodate. The
scheduler then steps through the entries in the Timer 2 Table. Each
queued-in time test determines whether or not the associated application

module requires use of the interrupt before the currently selected module.
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If so, that module and its associated request time becomes the current
selection. This process is repeated until all table entries have been
checked. Linkage to the last selected module is set up for execution on
the next Timer 2 interrupt. The Timer 2 counter is loaded with the asso-

ciated request time, and control is returned to the calling routine.

1.2.4 Queue/Control Tables

The primary tasks of the Control Program consist of sequencing and/or
scheduling the various application modules that make up the flight program.
These functions are accomplished by queue/control tables set up by the
programmer with the aid of system macros. (These macros are described in
the Program Macro Definition sub-section). Through these tables, a mission
and its operational phases can be completely defined to the Control Program.
They provide the identification of functions, their associated time require-
ments, and initial queue (active or inactive) status. Furthermore, certain
of these tables can be dynamically altered (queuing) during the program
execution to reflect changing requirements due to phase-to-phase transition
or as the result of external events or program calculations. The Control
Program, then, directs and controls the operation of the total flight pro-

gram basically through the use of master queue/control tables.

There are essentially two classes of system tables: mission tables, which
are used throughout a mission, and phase tables, which are only used for a

single mission phase.
There are four major mission tables:

The Sequential Queue Table for the Non-Interrupt Sequencer

@ The Periodic Table for the Periodic Processor

e The Timer 2 Table for the Timer 2 Scheduler

@ The Phase Selection Table for the Phase Initializer
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The first of these is a queue table and the next two are queue/control
tables. This distinction is made because of the manner in which the tables
are used. Queuing may be performed in these three tables but only the
Periodic and the Timer 2 Tables are directly executed to provide control.
The Sequential Queue Table is used as data by the phase Sequential Control
Tables and is not directly executed. The last table, the Phase Selection
Table, is neither queued nor executed but provides control variables and

constants for each mission phase.

There is only one type of phase table, the Sequential Control Table.
However, there is a Sequential Control Table for each phase of the mission.
Note that the term "control table" is used in keeping with the previous
nomenclature convention. These tables cannot be queued but are directly

executed to provide control.

1.2.4.1 Sequential Queue Table

The Sequential Queue Table (Table 1-1) consists of instructions which
address tha various sequential application modules to be executed. One
entry is required for each module to be sequenced regardless of the number
of phases in which sequencing is to be performed. The system provides for
a maximum of 200 entries in this table. The order of the entries is irre-
levant. Queuing is performed by altering the instruction operation code in

the desired table entry.

1.2.4.2 Periodic and Timer 2 Tables

The queue/control tables for the Periodic Processor (Table 1-2) and the
Timer 2 Scheduler (Table 1-3) are essentially alike. They differ only in
the form of their respective time tests and will therefore be discussed
together. Each entry consists of a linkage to a corresponding time test

for the scheduling of time dependent application modules. One entry is
required for each module to be scheduled. The system allows a maximum of

25 entries in each table. Again, queuing is accomplished by the alteration
of the operation code in the desired table entry. Note that in these tables

only a time test is being queued, not an actual application module.
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NSQTB

Table 1-1 Sequential Queue Table

HOP /ADD* to HPC for Module A
HOP/ADD* to HPC for Module B
HOP/ADD* to HPC for Module C
[ e e _— —
HOP/ADD* to HPC for Module D
"""""""" ~{ L
: A NEEN N\
——————————— \L h
HOP/ADD* to HPC for Module X
HOP /ADD* to HPC for Module Y
HOP/ADD* to HPC for Module Z
*Note: Queuing is accomplished by

altering the operation code field

A "HOP" indicates

in this table.

an active module and an '"'ADD"

indicates an inactive module.

One word is required per entry.

A maximum of 200 entries is

allowed for this table.

III-
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Table 1-2 Periodic Table

TRA/CLA*

HOP

to test for Periodic Module 1

__________ < - - _ -
N
N
>
< —
N N
e e s —

return to Sequencer Subroutine

*Note: Queuing is accomplished by altering the

operation code field in this table. A "TRA"

indicates an active test and a "CLA" indicates

an inactive test.

One word is required per entry. A maximum of

25 entries is allowed for this table.
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Table 1-3 Timer 2 Table

-
TRA/CLA* to test for Timer 2 Module
TRA/CLA* to test for Timer 2 Module
TRA/CLA* to test for Timer 2 Module
—— - \__ _—
N\ S N
<
S
N .
TRA/CLA* to test for Timer 2 Module N
HOP Return to Timer 2 Scheduler

*Note: Queuing is accomplished by altering the
operation code field in this table. A "TRA"
indicates an active test and a 'CLA" indicates

an inactive test.

One word is required per entry. A maximum of

25 entries is allowed for this table.
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A distinction regarding the ordering of entries does exist between the
Periodic and the Timer 2 Tables. In the Periodic Processor, an application
module is called directly by its associated time test (assuming that test
was queued-in and that the time test was passed). This imparts a priority
to the entries in the Periodic Table; the order of the entries in the table
implies their priority of execution. In the Timer 2 Scheduler, the order

of entries is somewhat irrelevant. The queued-in time tests select the
application module (or the scheduler itself) to be executed next, strictly
as a function of time. However, if two or more modules request simultaneous

execution, the last module tested will be serviced first.

1.2.4.3 Phase Selection Table

The Phase Selection Table (Table 1-4) is generated as a by-product of the
system macros and provides information for the initialization of each
mission phase. Entries are made in the order in which the corresponding

phases are to be executed.

1.2.4.4 Sequential Control Tables

These tables (see Table 1-5 for table format) consist of two instructions
for each entry. The first instruction addresses a particular entry from
the Sequential Queue Table. The second instruction is identical for all
entries; it is linkage to a system subroutine. Essentially, the subroutine
uses the entry from the queue table to determine whether or not the associ-

ated application module is to be executed.

A Sequential Control Table for any particular mission phase will contain at
least one entry for each application module to be handled by the Non-Inter-
rupt Sequencer during that phase. Multiple entries for a particular module
can be used to provide a higher frequency (relative to the other modules)
of execution for that module. Note that a priority is implied by the order
of the entries in the Sequential Control Tables. The system will permit a

maximum of 50 entries in each of these tables.
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Phase 1

Phase 2

Phase n

Note:

Table 1-4 Phase Selection Table

HPC to_Application Program Initialization Module

| Queue word for Timer 2 Table

| (same_as Phase 1)_

e e e e e _— —— —_————

One word is required for each entry in this table.
Total size of this table is variable depending upon
the number of phases defined and the occurrence of

the optional queue word in each set of phase entries.
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Table 1-5 Sequential Control Table

CLA NSQTAB + n*
HOP to Sequencer Subroutine
CLA NSQTAB + k*
HOP to Sequencer Subroutine
CLA NSQTAB + r*
HOP to Sequencer Subroutine

AN
W\
AN \ AN
\
______________________ A e e e e e
CLA NSQTAB + x*
HOP to Sequencer Subroutine
TRA to beginning of table
‘ *Note: NSQTAB is the address of the first

location in the Sequential Queue Table (see
Table 1-1) and n, k, r ... X are pseudo-
variables indicating the relative position

of the particular entry within that table.

Two words are required per entry which
represents an application module to be
sequenced during the phase. A maximum

of 50 entries is allowed for this table.

One such table is required for each

mission phase defined.




Flexibility is the primary reason for the multiple-table design of the Non-
Interrupt Sequencer. The control tables provide the capability for altering
the sequence of execution of application modules from phase to phase while

the master queue tables provide the uniform queuing base for all phases.
1.3 COMMON COMMUNICATIONS AREA

A common communications area, the data pack, is provided in order to cen-
tralize all data communications between application modules and between the
Control Program and application modules. The data pack identifies and
defines all data used by the flight program. It is organized into groups
segmenting telemetry identification, pseudo variables, data definitionms,

and table definitions.

Data which are to be telemetered are identified in a telemetry table via the
TELD macro stating the data name, the mode setting, and the PIO tag. Actual
data definition and memory address assignments are not done at this point

but are included in the appropriate function data definition group.

All vehicle or mission dependent data parameters are defined by means of
the "pseudo-variable" capability of the LVDC Assembler. This allows module
operation to be independent of these change prone variables and constants.
Also, status words, conversion factors, and certain control words are
defined as pseudo variables. All left-hand labels for pseudo-variables
begin with 'P.'. For example, P.M1 is the label of the pseudo-variable

representing the mass of the vehicle at liftoff used to compute (F/M)C.

Data definitions include targeting parameters, utility data, control data,
and module associated data. Assignments to residual storage are based on
number of references in order to conserve storage. Module associated data
are grouped to identify data common to a small group of modules. Data
definitions unique to individual modules are also isolated. Data definition

labels begin with 'D.', 'V.', 'L.', 'F.', 'G.', or 'H.'.

Table definitions include such tables as Switch Selector Tables, Event

Processor Tables, and Ladder Ramp Tables.
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1.4 APPLICATION MODULES

‘ An application module is defined as a program unit exclusively designed and
tailored to perform one or a number of related functions, i.e., each appli-
cation module is function-oriented. The application module concept is
intended to provide a source pool of program modules which can be used to

generate different flight program configurations for any number of missions.

Module execution is governed by the Control Program either directly (the
module is called by the Control Program) or indirectly (the module is called
as a subroutine by another module already under direct control of the
Control Program). When called, each module will perform its unique function
and return control to the calling source. All inter-module communication,

and all queuing of modules is to be accomplished through the system macros.

Two system macros are provided for modules to specify the queue status of a
module and, if applicable, the time or rate of execution for that module.

The E.QT macro specifies the time or rate of execution, and the E.Q macro

‘ sets the queue status of a module.

The E.QT macro is not valid for queuing Non-Interrupt Sequencer modules
since their operation is cyclic rather than time associated. The time
given in the E.QT macro for Periodic Processor modules is an execution
rate. A module that is queued-in will be executed at the time interval
specified. The time specified for Timer 1 and Timer 2 modules indicates

a specific time the module is to be executed. When a Timer 1 or Timer 2
module gains control, it must reschedule itself or queue itself out before

returning control to the Control Program.

For queuing Timer 1 modules only, the E.QT macro also queues—in the speci-
fied module. Timer 1 modules are queued-out indirectly by queuing-in
another module via the E.QT macro or by specifying a time to execute which

will never be reached.

The E.Q macro is used for queuing Non-Interrupt Sequencer, Periodic

‘ Processor, and Timer 2 modules. A time or rate of execution must be
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specified for Periodic Processor and Timer 2 modules before the E.Q macro is

used.

The E.Q macro is invalid for Timer 1 modules.

the queuing functions for the different classes.

Table 1-6 Queuing Macros

Table 1-6 summarizes

Macro | Non-Interrupt | Periodic Processor Timer 2 Timer 1
Sequencer Modules Modules Modules
Modules
E.QT Invalid Specifies rate of Specifies Specifies
execution time of time of
execution execution
and
queues—in
E.Q. Queues- Queues-In/Out Queues- Invalid
In/Out In/Out

1.5 FLIGHT PROGRAM CONFIGURATION

The flight program is composed of the Control Program, the common communi-
cations area, and all of the application modules described in the Applica-
tion Modules Description section. The configuration of the flight program
is defined by the flight programmer via system macros. The macros define
those modules which will execute under direct control of the Control

Program and the controlling component under which each will execute.

1.5.1 Program Macro Definition

There are three categories of program definition macros. Mission macros
provide module definitions and certain control information for the entire
mission. Phase macros define the functions for each program phase. Inter-

rupt macros provide the control information for interrupt processing.

The macro program definition is expected to remain relatively consistent

from flight to flight, but new requirements may result in timing differences
or in changing modules. Part IV will define the individual program defini-
tion when it varies from that specified in Table 1-7. The following para-

graphs describe the three macro categories.
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1.5.1.1 Mission Macros

There is one group of mission macros beginning with the E.MIN macro and
ending with the E.MEND macro. This group must precede the other groups.
Macros in this group define all modules (their entry points) which will
execute under direct control of the Control Program during the mission and
the controlling sub-program under which each will execute. In addition,
the execution rate for those modules which will be controlled by the

Periodic Processor are defined.

The queue status of all Timer 2 modules will be set as queued-in. The queue
status can be overridden by the phase definition macros for the phase(s) in
which the module is to execute or by another module. The queue status of
the Non-Interrupt Sequencer modules is not defined via the mission macros
since there is a separate control table for each phase. The Sequential
Queue Table, the Periodic Table, and the Timer 2 Table are allocated as a

result of these macros.

1.5.1.2 Phase Macros

There are two operational phases of flight recognized by the flight program:

o Phase 1 Boost to Orbit From GRR to preset time in TB4
o Phase 2 Parking Orbit From Phase 1 end to End of Mission (EOM)

Each phase definition begins with the E.PIN macro which specifies the phase
initialization module and the number of Non-Interrupt Sequencer modules
which will be allowed to execute in the phase. The E.PEND macro terminates

each phase definition.

1.5.1.3 Interrupt Macros

This group consists of two major types which are concerned with interrupt
processing. These macros may be specified anywhere between the E.MEND
macro and the last E.PEND macro. The E.INTS macro specifies those external

system interrupts which are to be active and the module which is to gain
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Table 1-7 Program Macro Definition

SYMBOL
112

OPERATOR
8

ADDRESS
16

*  MISSION DEFINITION

E.MIN

sﬂ
2
wn

E.MNS

:

E.MNS
E.MNS

khkkkhkkdhhhhhhhhhhhhhhhdhhhhhhhhik

/ number of phases defined
2

*  NON-INTERRUPT SEQUENCER MISSION TABLE

module entry point

—N—
M.AROO
M.SA00
M.DPOO
M.APQO
M.DVQO
M.NEOO
M.PAQO
M.TTO0O
M.CC10
M.IGOO
M.0GOO
M.TB47
M.MS00
M.ACO0
M.PGOO
M.EBOO
M.HS00
M.CTOO0
M.DTO0
G.P212

ACCELEROMETER READ MODULE

SIMULATED ACCELEROMETERS MODULE

DISCRETE PROCESSOR MODULE

ACCELEROMETER PROCESSING MODULE

F/M CALCULATIONS MODULE

BOOST NAVIGATION MODULE

PHASE ACTIVATOR MODULE

TIME TILT GUIDANCE MODULE

CHI COMPUTATIONS MODULE (GUIDANCE CHI TELEMETRY ENTRY)
ITERATIVE GUIDANCE MODE MODULE

ORBIT GUIDANCE MODULE

TIME BASE 4 MODULE

MINOR LOOP SUPPORT MODULE

APS ATTITUDE CONTROL TEST MODULE

SIMULATED PLATFORM GIMBAL ANGLES MODULE
ETC/BTC MODULE

S-IVB CUTOFF PREDICTION MODULE

COMPRESSED DATA TELEMETRY MODULE

MEMORY DUMP TELEMETRY MODULE

SERVICE PERIODIC PROCESSOR (CONTROL PROGRAM)
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Table 1-7 Program Macro Definition (Continued)

SYMBOL
2

OPERATOR
8

ADDRESS
16

*

PERIODIC PROCESSOR MASTER TABLE

E.MPP
E.MPP
E.MPP

TIMER 2 MASTER TABLE

E.MT2S
E.MT2S
E.MT2S
E.MT2S
E.MT2S
E.MT2S
E.MT2S
E.MT2S
E.MT2S
E.MT2S
E .MT2S
E.MT2S
E.MEND

INTERRUPT DEFINITION

E.INTS

—
M.UMOO PHASE I TIME UPDATE MODULE
M.LR10 LADDER RAMP PROCESSOR MODULE
M.EP0O EVENTS PROCESSOR MODULE
M.NUOO NAVIGATION UPDATE IMPLEMENTATION MODULE
M.cM00 PHASE II CONTROL MODULE (NAVIGATION ENTRY)
M.CM20 PHASE II CONTROL MODULE (GUIDANCE ENTRY)
M.CM10 PHASE II CONTROL MODULE (MIDPOINT ENTRY)
M.WMOO WATER VALVE PROCESSOR MODULE
M.MP50 ORBITAL GUIDANCE MANEUVER PROCESSOR MODULE (NOMINAL MANEUVER)
M.MP55 ORBITAL GUIDANCE MANEUVER PROCESSOR MODULE (GENERALIZED MANEUVER)
M.TB50 TIME BASE 5 START MODULE
M.AS00 TIME BASE 5 ALTERNATE SEQUENCE REQUEST MODULE
TERMINATION OF MISSION MASTER TABLES
Minor Loop entry point external interrupt servicing modules for

module entry point rate of execution in seconds
—— ‘.””,,;S:”

M.PC50,50 FIFTY SECOND DATA COMPRESSION MODULE
M.PC60,60 SIXTY SECOND DATA COMPRESSION MODULE
M.PC99,100 ONE HUNDRED SECOND DATA COMPRESSION MODULE

module entry point

.and execution rate in ms. ISR positions 10-1

A . A

L d

N

Ny s £
M.ML00,40,P.N.,M.T,M.D,P.N,M.T2A,M.T3,M.T4,P.N,M.T2,P.N

¥ ¥ ¥ *
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Table 1-7 Program Macro Definition (Continued)

SYMBOL OPERATOR
1} 2 8

ADDRESS
16

E.INT
E.INT
E.INT
E.INT
E.INT
E.INT
E.INT
E.INT

*PHASE DEFINITIONS

* PHASE 1

E.PIN

E.PNS
E.PNS
E.PNS
E.PNS
E.PNS
E.PNS
E.PNS
E.PNS

module entry point Timer 1
PN // :
M.SS05,P.IL3A4 SWITCH SELECTOR

M.SS30,P.IL3A
M.SS40,P.IL3A
M.SS50,P.IL3A
M.SS55,P.IL3A
M.SS60,P.IL3A
M.SS70,P.IL3A
M.SS80,P.IL3A

khkkhkkkkhkhhhhkkhkkhhhrikhkik

phase initialization

,_A—.\/
M.INOO,17 PHASE 1 TABLES

* NON-INTERRUPT SEQUENCE CONTROL TABLES

module

module entry point

“///’:E;TﬂfkﬂPhase
M.AROO,P.IN

"

M.SA00,P.OUT
M.DPOO,P.IN
M.APOO,P.IN
M.DV0O0,P.OUT
M.NEOO,P.IN
M.PAOO,P.OUT
M.TTOO,P.OUT

SWITCH SELECTOR
SWITCH SELECTOR
SWITCH SELECTOR
SWITCH SELECTOR
SWITCH SELECTOR
SWITCH SELECTOR
SWITCH SELECTOR

number

priority where P.IL3 is higher than P.IL3A

(CHECK ENTRY)

(HUNG STAGE TEST ENTRY)

(STAGE & ADDRESS ISSUANCE ENTRY)
(VERIFY ADDRESS ENTRY)

(READ TIME CHECK ENTRY)

(ISSUE READ ENTRY)

(RESET READ ENTRY)

(STAGE & COMPLEMENT ADDR ENTRY)

of non-interrupt sequencer modules

defined in this phase

~

initial queue status which will be set by

Initializer

ACCELEROMETER READ MODULE ACTIVE
SIMULATED ACCELEROMETERS MODULE INACTIVE
DISCRETE PROCESSOR MODULE ACTIVE
ACCELEROMETER PROCESSING MODULE ACTIVE
F/M CALCULATIONS MODULE INACTIVE

BOOST NAVIGATION MODULE ACTIVE

PHASE ACTIVATOR IMODULE INACTIVE

TIME TILT GUIDANCE MODULE INACTIVE
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Table 1-7 Program Macro Definition (Continued)

SYMBOL OPERATOR ADDRESS

1 |2 8 16
E.PNS M.CC10,P.IN CHI COMPUTATIONS MODULE ACTIVE
E.PNS M.IG00,P.OUT ITERATIVE GUIDANCE MODE MODULE INACTIVE
E.PNS M.HS00,P.OUT S-IVB CUTOFF PREDICTION MODULE INACTIVE
E.PNS M.0G00,P.OUT ORBIT GUIDANCE MODULE INACTIVE
E.PNS M.TB47,P.0UT TIME BASE 4 MODULE INACTIVE
E.PNS M.AC00,P.OUT APS ATTITUDE CONTROL TEST MODULE INACTIVE
E.PNS M.MS00,P.IN MINOR LOOP SUPPORT MODULE ACTIVE
E.PNS M.PGO00,P.OUT SIMULATED PLATFORM GIMBAL ANGLES MODULE INACTIVE
E.PNS M.EBOQ,P.IN ETC/BTC MODULE ACTIVE

* PERIODIC PROCESSOR INITIAL STATUS
All modules inactive

*  TIMER 2 CONTROL TABLE INITIAL STATUS

HoEEEEEE

.PT2S
.PT2S
.PT2S
.PT2S
.PT2S
.PT2S
.PT2S
.PT2S
.PT2S

E.PT2S

.PT28

.PEND

module entry point

= =
=
=
(9}
o

NAVIGATION UPDATE IMPLEMENTATION MODULE INACTIVE

PHASE 2 CONTROL MODULE INACTIVE

PHASE 2 CONTROL MODULE INACTIVE

PHASE 2 CONTROL MODULE INACTIVE

LADDER RAMP PROCESSOR MODULE INACTIVE

EVENTS PROCESSOR MODULE INACTIVE

WATER VALUE PROCESSOR MODULE INACTIVE

ORBITAL GUIDANCE MANEUVER PROCESSOR MODULE INACTIVE
ORBITAL GUIDANCE MANEUVER PROCESSOR MODULE (GEN. MANEUVER)
INACTIVE

TIME BASE 5 START MODULE INACTIVE

TIME BASE 5 ALTERNATE SEQUENCE REQUEST MODULE INACTIVE

END OF PHASE 1 TABLE DEFINITION

¥ % ¥ ¥ *



9e-1-111

* A9y

=~

Table 1-7 Program Macro Definition (Continued)

SYMBOL

OPERATOR ADDRESS
8 16

*

PHASE 2

phase initialization module

number of non-interrupt sequencer modules defined

in this phase
A ‘/; p
E.PIN M.IN10,3 PHASE 2 TABLES

NON-INTERRUPT SEQUENCE CONTROL TABLE

module entry point initial queue status which will be set by
Phase Initializer
gy
E.PNS M.CTO00,P.OUT COMPRESSED DATA TELEMETRY MODULE INACTIVE
E.PNS M.DT00,P.OUT MEMORY DUMP TELEMETRY MODULE INACTIVE
E.PNS G.P212,P.IN SERVICE PERIODIC PROCESSOR ACTIVE

PERIODIC PROCESSOR INITIAL STATUS

module entry point

E.PPP M.PC50 FIFTY SECOND DATA COMPRESSION MODULE ACTIVE
E.PPP M.PC60 SIXTY SECOND DATA COMPRESSION MODULE ACTIVE
E.PPP M.PC99 ONE HUNDRED SECOND DATA COMPRESSION MODULE ACTIVE

TIMER 2 CONTROL TABLE INITIAL STATUS

module entry point

—
E.PT2S M.UMOO PHASE 1 TIME UPDATE MODULE INACTIVE
E.PT2S M.NUOO NAVIGATION UPDATE IMPLEMENTATION MODULE INACTIVE
E.PT2S M.TB50 TIME BASE 5 START MODULE INACTIVE
E.PT2S M.ASOO TIME BASE 5 ALTERNATE SEQUENCE REQUEST MODULE INACTIVE
E.PEND END OF PHASE 2 TABLE DEFINITION

END OF PROGRAM CONFIGURATION DEFINITION




control on occurrence of a given interrupt. This macro also specifies the
Timer 1 controlled Minor Loop module and its execution rate. Minor Loop is
implicitly declared as the higher priority module and is initiated by the

Control Program during initialization.

The remaining Timer 1 controlled modules and their relative priority (P.IL3
specifies higher priority modules and P.IL3A, lower priority) are specified
via the E.INT macro. These modules must be queued-in at the appropriate

time by application modules.

1.5.2 General Flowchart

A general flow of the Saturn IB Flight Program is shown in Fig. 1-9. The
modules which are directly controlled by the Control Program are shown in the
sequence defined by the macro definition given in the preceding paragraphs.

Commentary on each module's queue status is included beside each module.

A number of utility modules are provided as subroutines for general use.
These modules, given in Table 1-8 can only be used on a non-priority level;

i.e., by Non-Interrupt Sequencer or Periodic Processor modules.

Indirectly controlled modules are described in Table 1-9 which accompanies
each Control Program component. Some indirectly controlled modules are
multiply listed. This occurs when a module is under direct control of the
Control Program as well as under control of another module, and when a
module is accessed from modules operating under different Control Program
components. This is primarily a result of different timing requirements

between the boost and non-powered phases of flight.

III-1-35




Table 1-8 TUtility Modules

MODULE
ID NAME
AT Arctangent Utility
DO Discrete Output Register Set/Reset Utility
FD Fixed Point Divide Utility
FR Absolute/Command Freeze Utility
GF Gimbal Angle RTC Test Utility
LN Natural Logarithm Utility
MM Matrix Multiply Utility
MT Matrix Transpose Utility
PC70 Data Compression Position Utility
PC80 Data Compression Store Utility
SC Sine-Cosine Utility
SD Scaled Divide Utility
SR Square Root Utility
TR Real Time Telemetry Delay Utility
vC Vector Cross Product Utility
VD Vector Dot Product Utility
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This module entry
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for the Boost Mode.
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Initialize
Module

This module entry
(M.IN10) initializes
for the Orbital Mode.
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Initiate
Timer 2
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‘ Figure 1-9a General Flow of Saturn IB Flight Program
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Table 1-9a Indirectly Controlled Modules

Controlled by Non-Interrupt Sequencer Modules:

ID MODULE NAME : CONTROL COMMENTS
CcC Chi Computations Accessed by IGM and by Orbit Guidance.
CcC Chi Computations Accessed by Time Tilt and by Orbit Guidance.

(Telemetry Entry)

DG Disagreement Bit Accessed by Minor Loop if a gimbal disagree-
Processor ment bit is detected.

DP1 Discrete Inputs Accessed only during Phase I by Discrete
14 & 15 Processor if DI's are detected.

DP3 Discrete Input 9 Accessed by the Discrete Processor for T4+5%

to EOM when DI 9 is detected.

GR Gravitation Accessed by Boost Navigation.
Acceleration
MP Maneuver Processor| Accessed by Orbit Guidance.
oD Digital Output Accessed by ETC/BTC each execution. *

Multiplexer (DOM)

SM Steering Misalign- Accessed by IGM at a preset time in TB3.

ment Correction

ST M/F Smoothing Accessed by F/M Calculations at preset times.

RG Roll Guidance Accessed by Time Tilt Guidance when active.
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PHASE 1
NON-INTERRUP

EQUENCER

ACCELER-
OMETER
READ (AR)

Always queued-in.

Fig. 1-9c¢
Periodic
Processor
Always queued-out
iéﬁgﬁgﬁf” in Flight Mode. In
Flight Simulation,
OMETERS
(SA) always queued-in.
Fig. 1-9¢c
Periodic
Processor
Always queued-in
in Flight Mode
DISCRETE and Non-Repeat-
PROCESSOR able Mode.
(DP) Always queued-
Fig. 1-9c out in Repeat-
able Mode.
Periodic [®
Processor
ACCELER-
OMETER
PROCESSING Always queued-in.
(AP)
Fig. 1-9¢
Periodic
Processor
Queued=-in by Events
Processor based on
mission dependent
Fig. 1-9c L
Periodic
Processor
Yes BOOST
- NAVIGATION Always queued-in.
(NE)
Fig. 1-9c
Periodic
Processor

Queued-in once by

Module PHASE Events Processor
Q;Eu:d_ ACTIVATOR to terminate
(PA) Phase 1 & initiate

iy Phase 2.

Queued-in Phase 1
by Events Processor
at a preset time in
TB1 and queues it-
self out when tilt
arrest time is
reached.

TIME TILT
GUIDANCE
(TT)

Fig. 1-9c

et——————] Periodic
Processor

Queued-in by Time
Tilt and Events
Processor and
queued-out by
Events Processor.

Fig. 1-9c

Periodic
Processor

Figure 1-9b General Flow of the

1-9¢

Fig.

Queued-in by
Events Processer
at preset time
in TE3.

1GM
(16)

Periodic
Processor

Fig. 1-9c

PREDICTION

Queued-in when
predicted time-
to-go to S-IVB
cutoff is less
than a preset
value.

S-1VB
CUTOFF

(Hs)

Periodic
Processor

Fig. 1-9¢c

GUIDANCE

ORBIT Queued-in by

Events Processor

Periodic
Processor

Fig. 1-9c

Periodic

(0G) in Phase 1.
Queued~-in by
Events Processor
TIME at preset time
BASE 4 in TB3., Queued-
(TB4) out upon setting
TB4.

Processor

Fig. 1-9¢

Always queued~in
in Flight Mode,
In Flight Simula-
tion, always
queued-out .

Periodic
Processor

Fig. 1-9c

Periodic

Queued~in by Events
Processor at preset
time in TB3. Queued-
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Processor
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Always queued-
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SIMULATED
PLATFORM

Processor
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Periodic
Processor
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Table 1-9b

Indirectly Controlled Modules

Controlled by Interrupt Processor modules:

ID MODULE NAME CONTROL COMMENTS
co Cutoff Logic Accessed by Minor Loop in Phase 1 when time-to-
go to issuance of S-IVB Cutoff Command is less
than preset value.
DP Discrete Processor | Accessed every second by Phase II Control
during Phase 2. Not accessed during Repeatable
Flight Simulation Mode.
EB ETC/BTC Accessed every second by Phase II Control
during Phase 2.
EC Minor Loop Error Accessed every 0.8 seconds by Phase I Time
Monitor Update during Phase l. Accessed every second
by Phase II Control during Phase 2.
GL Acquisition Accessed every 8 seconds by Phase II Control
Gain/Loss during Phase 2.
MS Minor Loop Support Accessed every second by Phase II Control
during Phase 2 only in Flight Mode.
NI Navigation Accessed every second by Phase II Control
Extrapolation during Phase 2.
NZ Orbit Navigation Accessed every 8 seconds by Phase II Control
during Phase 2.
OA Orbit Accelerations | Accessed by Orbit Navigation every 8 seconds
during Phase 2.
0G Orbit Guidance Accessed every second by Phase II Control

during Phase 2.

III-1-40




( Entry )

PERIODIC PROCESSOR

Time
to Execute
Module

Module
Queued-in

Queued-out during
Phase 1. Executes
every 50 seconds
during Phase 2.

FIFTY
SECOND DATA
COMPRESSION
(PC50)

Time Yes
to Execute

Module

Module
Queued-in

Queued-out during
Phase 1. Executes
every 60 seconds
during Phase 2.

SIXTY
SECOND DATA
COMPRESSION
(PC60)

Module
Queued-in

ONE Queued-out during

SEggggR%RTA Phase 1. Executes
COMPRESSTON / ©Very 100 seconds

(PC99) during Phase 2.

Figure 1-9c¢ General Flow of Saturn IB Flight Program (Continued)
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Table 1-9b Indirectly Controlled Modules (Continued)

ID MODULE NAME CONTROL COMMENTS
PCO1 | Once Second Data Accessed every second by Phase II Control
during Phase 2.

PG Simulated Platform| Accessed every second by Phase II Control
Gimbal Angles during Phase 2 only in Flight Simulation Mode.

TU Phase II Time Accessed every second by Phase II Control
Update during Phase 2.

AC APS Attitude Accessed every second by Phase II Control
Control Test from T4+15% to T5+0.

GR Gravitation Accessed by Orbit Navigation every 8 seconds
Acceleration during Phase 2.

ov Orbit Velocity Accessed every second by Phase II Control

Calculations

from T5+0 to EOM.
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l PHASE 2

NON-INTERRUPT SEQUENCER

DATA
Yes COMPRESSTON
TELEMETRY
- (CT)
Fig. 1-9c
Periodic
Processor
MEMORY
Yes DUMP
TELEMETRY
(DT)
Fig. 1-9c
Periodic
Processor
SERVICE
Yes PERIODIC
PROCESSOR
(P212)
Fig. 1-9c
Periodic
Processor

Figure 1-9d General Flow of Saturn IB Flight Program
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( INTERRUPT )
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-
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o
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Interrupt

[

‘xternal
Interrupt

>

Figure 1-9e
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INTERRUPT PROCESSOR
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DIGITAL

TIME BASE 3
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is detected.
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of issuing a switch
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Exits to Interrupt
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Executes when a valid
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frames.
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T1S
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-t ——-

LADDER
RAMP
PROCESSOR
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PROCESSOR
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VALVE
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ORBITAI
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MANEUVER

PROCESSOR
)

TBS ALT
SEQUENCE
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Schedule Schedule
Next Module Next Module
for Timer 1 for Timer 2
Int Interrupt

General Flow of Saturn IB Flight Program (Continued)
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SECTION 2
APPLICATION MODULES DESCRIPTION
251 INTRODUCTION

This section describes the implementation of each application module in the
Saturn IB Flight Program. If the implementation of a module varies because
of a specific flight's requirements, that module will be described in the

appropriate section of Part IV.

The module flowcharts are written in prose for better understanding of the

operations performed and decisions made. Since these flowcharts are gener-
ated from the program listing, it is very easy to correlate the programming
instructions to the flowchart. The hierarchy of flowcharts allows a reader
to gain an overview of the module's operation from the first level and more

detail from the subsequent levels.

The programming notes which support the flowcharts define all intermodule
linkages, telemetry data, and initial conditions. The flowcharts show all
external module linkages except for certain utility routines used in com-
puting equations. The programming notes include all external linkages as
well as system macros. All system macros begin with "E." as well as Control
Program subroutines which can be accessed by modules. In their expansion,

the following system macros access Control Program subroutines:

E.ENBL System macro to restore the normal LVDC interrupt status
by providing linkage which transfers control to the execu-
tive interrupt enable subroutine which, in turn, reloads
the inhibit fegister with the nérmal inhibits associated

with the processing level in progress and returns control

to the user.
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1"" E.MPP

E.MT2S
E.PEND
E.PIN
E.PNS

E.PPP

E.PT28S

E.Q

E.QT

System macro for generating an entry in the Periodic

Processor queue table.

System macro for generating an entry in the Timer 2

Scheduler queue/control table.

System macro for the termination of the phase table

information.

System macro for initialization required prior to genera-

tion of Phase Table information.

System macro for generation of an entry in the Non-Inter-

rupt Sequencer control table.

System macro for indicating the initial queue status of the
Periodic Processor queue/control table for a particular

phase.

System macro for indicating the initial queue status of the
Timer 2 Scheduler queue/control table for a particular

phase.

System macro for queuing entries into or out of the system

queue tables.

System macro for specifying the execution time for a module

which is to be queued active by the E.Q macro.

System macros executed to perform a function in support of the calling rou-

tine are referred to as utility macros. The following system macros are

used for support functions:

U.BITO

System macro to control and insure correct bit being set,

reset, or monitored in a status word.




U.DIV

U.ENTR

U.EXIT

U.MPY

U.MOVE

U.MOV2

U.OR

U.SSRQ

U.TPL

U.TZE

System macro that inhibits interrupts for 8 machine cycles

during a DIV instruction.

System macro to be called when the entry for a module,

routine, subroutirc¢, or program is to be called. It saves
the HOP return to lnterrupt Processing for any oi these
cases.

System macro to be called when the exit for a module, sub-
routine, routine, or program is to be called. It supplies

the correct HOP return for any of these cases.

System macro that inhibits interrupts for 5 machine cycles

during a MPY instruction.

System macro to move one data location to another data

location.

System macro to move data from one data location to two

data locations.

System macro for logically ORing two arguments.

System macro to request any alternate Switch Selector

sequence to be issued.

System macro to transfer if the contents of the accumulator

is plus.

System macro to transfer if the contents of the accumulator

is zero.
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2.1.1 APS ATTITUDE CONTROL TEST (AC)

Function

The APS Attitude Control Test Module tests for vehicle control during
periods of flight when the vehicle is under APS attitude control. If
the test indicates loss of attitude control, the module will open the
ladder magnitude limits for roll, pitch, and yaw, then queues itself

out.

Entries

M.ACO0 Entered from the non-interrupt Sequencer once per BML when
the module is active in boost mode and once per second during
orbital mode, unless queued-out by the Ladder Magnitude Limit

DCS Command, or test failure.

External

E.Q APS Attitude Control Test (M.ACO00)

Input Data

D.VITHX Total roll gimbal angle
D.VTHZ Total yaw gimbal angle

D.VCCX Commanded Chi X (Rate limited gimbal angle)
D.KT4 Time Base 4 start time from GRR

Output Data

D.VM0O6 Pitch and yaw ladder magnitude limit
D.VM16 Roll ladder magnitude limit

G.ACO0 Variable HOP Constant to M.ACOO or C.M40
F.CLML Ladder magnitude limit change word
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Status Words

D.VMC4 Mode Code 24

Telemetry

None.

Initial Conditions

Before entering M.AC00, V.ACTX and V.ACTZ must be initialized to perform

the appropriate test for the particular axis.

Notes

This module will queue itself out after detection of a failure of any
channel. This module will be queued-out upon receipt of the Ladder *

Magnitude DCS Command.
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ATTITUDE CONTROL TEST (AC) 2
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2.2 ACCELEROMETER PROCESSING (AP)

Function

The Accelerometer Processing module detects velocity measurement errors

through disagreement, zero, and reasonableness tests, accumulates

velocity measured by the platform accelerometers or calculated by the

flight program when an accelerometer fails, and computes a performance

factor based on measured acceleration and computed acceleration to be

used in computing backup acceleration.

Entries

M.APOO0 Entered from the Non-Interrupt Sequencer once per computation

cycle during Phase 1.

External

U.TROO Real Time Telemetry Delay Utility
U.SDO0 Scaled Divide Utility

Change in velocity along XS (backup)

Change in velocity along Ys (backup)

Change in velocity along Zs (backup)

in X velocity
in X velocity
in Y velocity
in Y velocity
in Z velocity
in Z velocity

X accelerometer reasonableness

Y accelerometer reasonableness

Input Data

D.VBDX

D.VBDY

D.VBDZ

D.VDAX Optisyn A change
D.VDBX Optisyn B change
D.VDAY Optisyn A change
D.VDBY Optisyn B change
D.VDAZ Optisyn A change
D.VDBZ Optisyn B change
D.VRCX

D.VRCY

D.VRCZ

Z accelerometer reasonableness

III-2-

between accelerometer
between accelerometer
between accelerometer
between accelerometer
between accelerometer
between accelerometer
test constant

test constant

test constant

5

reads
reads
reads
reads
reads

reads
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D.VDX
D.VDY
D.VDZ
D.VFX
D.VFY
D.VFZ
D.VDT

D.VDTP
D.FZER
D.VSND
D.VFOM
F.PFC

D.V20F
V.MBAl
V.MBA4
V.MBA7
D.VPFO

N component of the backup velocity accumulation bias vector
Y component of the backup velocity accumulation bias vector
Z component of the backup velocity accumulation bias vector
Expected X platform velocity change

Expected Y platform velocity change

Expected Z platform velocity change

Elapsed time between current and previous computation cycle
accelerometer reads in seconds

Intermediate parameter (20*D.VDT)

Zero test enable flag ‘

Constant used to compute V.ACZR

Total vehicle acceleration determined from accelerometer readings
Compute performance factor enable flag

20 * D.VDTP * D.VFMC

MBS11A component of MBSA matrix

MBS21A component of MBSA matrix

MBS31A component of MBSA matrix

Computed performance factor (previous cycle)

Qutput Data

.VXDM
.VYDM
.VZDM
.FSMC
.VVSQ
.VPF

.PSMC
F.ACCF

U U U U o u o

X component of measured velocity

Y component of measured velocity

Z component of measured velocity

Steering Misalignment Correction inhibit flag

Sum of the squares of X, Y and Z accelerometer changes
Performance factor to be used in computing backup acceleration
Steering misalignment past computation cycle inhibit flag

Accelerometer failure flag

Status Words

D.VMC4

Mode Code 24
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Telemetry

Item PIO Tag Description

D.VXDM 1024 X component of measured velocity
D.VYDM 1030 Y component of measured velocity
D.VZDM 1020 Z component of measured velocity

Initial Conditions

The previous velocity components (V.POXV, V.POYV, and V.POZV) must be
initially zero. The reasonableness test constants (D.VRCX, D.VRCY,
and D.VRCZ) must be initialized at mission start.

The zero test will be enabled and disabled at mission dependent times.

The performance factor computations will be enabled at mission

dependent times.

Notes

Accelerometer Processing accumulates the square of the accelerometer

changes each computation cycle for use as a backup for initiation of Time

Base 4.
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2.3 ACCELEROMETER READ (AR) ‘
Function

The Accelerometer Read module reads platform accelerometers, formats
these reads for use in the Accelerometer Processing module, and

computes backup acceleration for use in case of accelerometer failures.
Entries

M.AROO Entered from the Non-Interrupt Sequencer once per computation

cycle during Phase 1.
External

G.TVNT Change thrust event parameters

G.ARHC Change thrust misalignment vector (M.AR20)

U.SC00 Sine-Cosine Utility .
U.SDO0 Scaled Divide Utility

U.TROO Real Time Telemetry Delay Utility

U.MMOO0 Matrix Multiply Utility

E.ENBL Enable interrupts
E.IHBT Inhibit interrupts

Input Data
D.VCCY Commanded Chi Y (Rate limited pitch gimbal angle) *
D.VCCZ Commanded Chi Z (Rate limited yaw gimbal angle) *

D.VFOR Thrust of vehicle (backup)
D.VMAS Mass of vehicle (backup)
D.VMFR Mass flow rate of vehicle (backup)

D.VTHX Total roll gimbal angle *

D.VTHY Total pitch gimbal angle *

D.VTHZ Total yaw gimbal angle *

D.VFOM Total vehicle acceleration determined from accelerometer readings ‘
readings

D.VTAS Mission time from GRR at accelerometer read *

I11-2-
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D.VIMM Elapsed time in mission from GRR to last time update *

D.VRTC Real time clock reading at last time update

‘ D.VEOF Engine out multiplication factor for backup F/M calculation *
D.VERT Time error associated with last time update *
D.VTI Time from GRR that the current time base was set

D.VDTE Fraction of a BML prior to a thrust change event (seconds)

D.VEFP Engine out factor in use prior to a thrust change event (seconds)
T.TEVT Time of a thrust change event (seconds)

D.VPFP  Performance factor in use prior to a thrust change event

D.VFMP Mass flow rate in use prior to a thrust change event

D.VFRP Force in use prior to a thrust change event

D.VPF Performance factor to be used in computing backup acceleration *
D.ARST Time to change thrust misalignment vector

D.VGX X component of gravity acceleration

D.KT1 Time Base 1 start time from GRR *
F.TEVT Thrust change event flag

D.FSMC  Steering Misalignment Correction inhibit flag *
D.KT3 Time Base 3 start time from GRR *
‘ D.VGCX  Guidance Chi X (Desired roll gimbal angle) *
D.VGCY Guidance Chi Y (Desired pitch gimbal angle) *
D.VGCZ Guidance Chi Z (Desired yaw gimbal angle) *
D.FLT Flight mode indicator *
V.MPC1 New vehicle mass at thrust change event *

Output Data

D.VDAX Optisyn A change in X velocity between accelerometer reads *
D.VDBX Optisyn B change in X velocity between accelerometer reads *
D.VDAY Optisyn A change in Y velocity between accelerometer reads *
D.VDBY Optisyn B change in Y velocity between accelerometer reads *
D.VDAZ Optisyn A change in Z velocity between accelerometer reads *
D.VDBZ Optisyn B change in Z velocity between accelerometer reads *
D.VACX X accelerometer reading =
D.VACY Y accelerometer reading *
D.VACZ Z accelerometer reading *
‘ D.VBDX Change in velocity along X, (backup) *
D.VBDY Change in velocity along Y, (backup) *
D.VBDZ Change in velocity along Zg (backup) *
III-2-15

Rev., K




D.VFX
D.VFY
D.VFZ
D.VTB
D.VDX
D.VDY
D.VDZ
D.VDT

D.VTAS
D.VFMC
D.VCZA

D.VCYA

D.VDTP
D.VACT
V.MBAl
V.MBA4
V.MBA7
D.V2QF
F.ACCF
D.PSMC

Status

Expected X platform velocity change

Expected Y platform velocity change

Expected Z platform velocity change

Time elapsed in current time base

X component of the backup velocity accumulation bias vector
Y component of the backup velocity accumulation bias vector
Z component of the backup velocity accumulation bias vector
Elapsed time between current and previous computation cycle
accelerometer reads in seconds

Total time elapsed in mission

Generated acceleration (backup)

Average of present and past Minor Loop yaw command chi at the
time of major computer cycle accelerometer read

Average of present and past Minor Loop pitch command chi at
the time of major computer cycle accelerometer read
Intermediate parameter (20* D.VDT)

Real Time Clock reading associated with D.VTAS

MBS11A component of MBSA matrix

MBS21A component of MBSA matrix

MBS31A component of MBSA matrix

20* D.VDTP* D.VFMC

Accelerometer failure flag

Steering Misalignment past computation cycle inhibit flag

Words

D.VMC4

Mode Code 24

III-2-16 Rev. K




Telemetry

Item PI0O Tag Description

D.VACZ 0004 Z accelerometer reading

D.VACX 0010 X accelerometer reading

D.VACY 0014 Y accelerometer reading

D.VACT 0174 Real Time Clock reading associated with D.VTAS or %
D.VNMT

D.VTB 0031 Time elapsed in current time base *

D.VTI 0561 Time from GRR when current time base was set

D.VTAS 0000 Total time elapsed in mission *

Initial Conditions

The previous accelerometer readings (V.0ACX, V.OACY, and V.0ACZ) will be
initialized by the Control Program at GRR. D.VFOM is initialized to (P.FOVO).

Notes

Interrupts are inhibited across accelerometer and real time clock reads,
calculations of time in mission (D.VTAS), time in time base (D.VTB), computa-
tion cycle length (D.VDT), the resetting of Mode Code 24 (D.VMC4)

and the use of D.VFOR (Force), D.VMAS (Mass), D.VMFR (Mass flow rate)

and D.VPF (performance factor) in the backup acceleration computations.

Average pitch and yaw Minor Loop command chi's are calculated in the
Accelerometer Read module for use in computing the steering misalignment
correction terms. These angles are calculated at this time to synch them

with the accelerometer readings.
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2.3.1 ALTERNATE SEQUENCE REQUESTER (AS)

Function

This module requests the two Time Rase 5 alternate sequences feor the
S-IVB/IU De-Orbit propellant dumps at the intervals included in the
S-IVB/IU De-Orbit DCS command.

Entries

M.ASO0 Entered from Timer 2 when scheduled by either the Time Base
5 start logic or itself.

External
U.SSRQ Request Propellant Dump Switch Selector Sequences (M.SS00)

E.Q Alternate Sequencer Requester (M.AS00)
E.QT Alternate Sequencer Requester (M.AS00)

Input Data

D.VTLD Duration time of LOX dump included in De-Orbit command
D.VTHD Duration time of LH2 dump included in De-Orbit command

Output Data

D.ELVR Delta velocity check allow flag

Status Words

None.

Telemetry

None.
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Initial Conditions

None.

Notes

F.SRW must be zero on first entry to obtain proper order of dump sequences.
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2.4 ARCTANGENT UTILITY (AT)

Function

The function of the Arctingcent Utility module is to compute the ar-rangent
of the quotient of two specified numbers by means of an algorithm which
utilizes a polynomial approximation to the arctangent function.

Entries

U.ATO0O Entered from any module.

External

None.

Input Data

See Notes.

Output Data

See Notes.

Status Words

None.

Telemetry

None.

Initial Conditions

None.
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I Notes

On entry the accumulator must contain the sine of the desired angle (ARG1)

and the PQ register must contain the cosine of the desired angle (ARG2).

Upon exit the desired angle, arctan (ARG1/ARG2), will be in the accumulator

in pirads scaled BO.
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2.5 CHI COMPUTATIONS (CC)

Function

The Chi Computation module computes the pitch and yaw commands in the
S-system and telemeters the desired attitude values in both the boost

and orbital modes.

Entries

M.CCO00 Entered once per computation cycle from IGM while IGM is active
during Phase 1. Entered 1l/sec from the Orbit Guidance module

during Phase 2.

M.CC10 Entered from Time Tilt Guidance module from liftoff until start
of IGM. Entered once per computation cycle from Orbit Guidance

during an attitude freeze.

External

U.ATO0 Arctangent Utility

U.MMOO0 Matrix Multiply Utility

U.SROO  Square Root Utility

U.TRO0 Real Time Telemetry Delay Utility

Input Data

D.VTP1 Cosine Chi Y in 4-system *
D.VIP3 Sine Chi Y in 4-system *
D.VTP4 Cosine Chi Z in 4-system *
D.VSCY Pitch steering misalignment correction *
D.VSCZ Yaw steering misalignment correction *
V.XSP X component of desired unit thrust vector in S-system *
V.YXP Y component of desired unit thrust vector in S-system *
V.ZSP Z component of desired unit thrust vector in S-system *
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OQutput Data

D.VGCY Guidance Chi Y (Desired pitch gimbal angle)
D.VGCZ  Guidance Chi Z (Desired yaw gimbal angle) *

Status Words

None.

Telemetry

Item PIO Tag Description

D.VGCX 0005 Guidance Chi X (Desired roll gimbal angle) *
D.VGCY 0011 Guidance Chi Y (Desired pitch gimbal angle) %
D.VGCZ 0001 Guidance Chi Z (Desired yaw gimbal angle) %

Initial Conditions

V.SQ3 3previous value of (l—V.YSPz)

1/2 {and D.VTP2 (Sin Chi Z in 4-system)

must be initialized prior to first pass through this module.

Notes

None.
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2.6 PHASE 1II CONTROL (CM)

Function

The Phase II Control module maintains the navigation and guidance timeline

for the orbital phases of operation, Phase 2.
Entries

M.CMOO Entered from Timer 2 every eight seconds during Phase 2 for

navigation processing.

M.CMO1 Entered by the Navigation Update Implementation module when a DCS
update has been processed for navigation processing. Control is

returned to Timer 2 rather than the module.

M.CM10 Entered from Timer 2 every eight seconds during Phase 2 for saving

guidance chi's and total gimbals for midpoint navigation

processing. ‘

M.CM20 Entered from Timer 2 every second between navigation (M.CM00)

entries for guidance processing.
External

M.DPOO Discrete Processor

M.EB10 ETC/BTC

M.ECO0 Minor Loop Error Monitor
M.GLOO Acquisition Gain/Loss
M.MS00 Minor/Loop Support

M.NIOO Navigation Extrapolation
M.NZOO Orbit Navigation

M.0GOO Orbit Guidance

M.PAOO Phase Activator

M.PCO1 One second Data Compression

M.OVOO Orbit Velocity Calculations

M.ACO0 APS Attitude Control Test
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M. PG00
M.TUOO
U.TROO
E.QT

Simulated Platform Gimbal Angles

Phase II Time Update

Real Time Telemetry Delay Utility

Phase II Control (M.CMOO, M.CM10, and M.CM20)

Input Data

D.FLT

D.VNTM
D.VER8
D.VGCY
D.VGCZ
D.VTHY
D.VTHZ
G.PAOO
G.GLOO
G.DPOO
G.MSPG
G.0vOo0o
G.AC00

Flight Mode indicator

Time in mission from GRR of navigation extrapolation
Accumulated eight second composite EMR word
Guidance Chi Y (Desired pitch gimbal angle)
Guidance Chi Z (Desired yaw gimbal angle)
Total pitch gimbal angle

Total yaw gimbal angle

Variable Hop constant to M.PAQO or C.M10
Variable Hop constant to M.GLOO or C.M20
Variable Hop constant to M.DP0OO or C.M25
Variable Hop constant to M.MS00 or M.PGOO
Variable Hop constant to M.0OVOO or M.CM35
Variable Hop constant to M.ACO0 or M.CM40

Output Data

D.VTAS
V.NTMO
D.VMTY
D.VMTZ
D.VT8S
D.VT4S
D.VT1S

Total time elapsed in mission

Time of previous navigation pass

Midpoint pitch gimbal angle for drag integration
Midpoint yaw gimbal angle for drag integration
Timer II schedule for M.CMOO entry

Timer II schedule for M.CM10 entry

Timer II schedule for M.CM20 entry

Status Words

None.
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Telemetry

Item PI0 Tag Description
D.VTAS 0000 Total time elapsed in mission *
D.VERS8 0535 Accumulated eight second composite EMR word *

Initial Conditions

The scheduled times for the three entries, D.VT8S, D.VT4S, and D.VTI1S,

are set to phase start plus 8, 4, and 1 seconds respectively.
Notes
Although both entries M.CM0OO and M.CM10 have an eight second rate, they are

scheduled so that there is a four second off-set between entering M.CMOO

and M.CM10.

In Flight Simulation Mode, the guidance chi's are used for midpoint navi-

gation gimbals. In Flight Mode, the actual gimbals are used.

In Flight Simulation Mode, the Simulated Platform Gimbal Angles module will
be executed instead of the Minor Loop Support module. The Simulated Plat-

form Gimbal Angles module is not executed in the Flight Mode.

The Phase Activator module is given control when the phase is to be ter-

minated. Control is not returned to the Phase II Control module.
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2.7 CUTOFF LOGIC (CO)

Function

The function of the Cutoff Logic module is to provide the capability for

accurately issuing S-IVB cutoff.

Entries
M.CO00 Entered via Minor Loop when S-IVB cutoff is imminent.
External
)7 Timer 2 Halt and Reschedule
E.GP20 Control Program Time Update
H.S027 High Speed Loop S-IVB cutoff switch selector read issuance
E.IHBT Inhibit interrupts
E.Q S-IVB Cutoff Prediction (M.HSO0O0)
E.QT Switch Selector Processing (M.SS60)
E.QT Events Processor (M.EPO00)
Input Data
D.VCOR RTC read associated with D.VTMS
D.VIMM Elapsed time in mission from GRR to last time update
D.VIMS Current time-to-go to S-IVB cutoff
D.VITRR Elapsed total time in current time base
V.YAW Actual yaw ladder command
V.PIT Actual pitch ladder command
V.ROL Actual roll ladder command

OQutput Data

D.VMLT
D.VTBI

Execution time of next Minor Loop

Indication of time base initiation
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D.VIMS Current time-to-go to S-IVB cutoff *
D.GMLC Variable HOP constant to M.CO00 or M.L299

Status Words

D.FILE Flight Program Status
D.FIL3 Timer 1 interrupt in progress indicator
D.FIL2 External int level in progress indicator

D.VMC5 Mode Code 25

Telemetry

None.

Initial Conditions

None.

Notes

To insure accurate issuance of S-IVB cutoff and to maintain the proper
minor loop rate, the Cutoff Logic module will be called as a special
subroutine of the Minor Loop module. To activate this module, the HOP
Constant D.GMLC must be set to M.CO00. This module will deactivate itself
by resetting D.GMLC to M.L299 after the S-IVB cutoff switch selector read

has been issued.
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2.8 COMPRESSED DATA TELEMETRY (CT)

Function .

This module serves as the active major loop after there has been a Compressed

Data Dump DCS command. The module telemeters different types of data which
have been stored from the previous dark period and/or which are campled
at known intervals. These data are telemetered from predefined data

tables with each having its own associated PIO tag.

Entries

M.CTO0 Entered from the Non-Interrupt Sequencer once per computation
cycle during Phase 2 when queued-in by the Compressed Data

Dump DCS command.

External

U.TRO0 Real Time Telemetry Delay Utility

E.Q Compressed Data Telemetry (M.CT00)
E.IHBT Inhibit interrupts *

*

E.ENBL Enable interrupts

Input Data

V.KSTR Compressed data storage flag
D.BPT1 Table 1 beginning pointer

D.BPT2 Table
D.BPT3 Table
D.BPT4 Table
D.EPT1 Table
D.EPT2 Table
D.EPT3 Table
D.EPT4 Table
D.PPT1 Table
D.PPT2 Table

beginning pointer
beginning pointer
beginning pointer
ending pointer
ending pointer
ending pointer
ending pointer

present pointer

N B W N R PWDN

present pointer
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D.PPT3 Table 3 present pointer
D.PPT4 Table 4 present pointer
D.FDTL Memory dump/compressed data dump in progress flag *

Qutput Data

D.VER8 Accumulated eight second composite EMR word *
F.EMR8 Dark period EMR accumulation flag *

Status Words

None.

Telemetry

Compressed Data Table
Compressed Data Table

Compressed Data Table

S~ Loy -

Compressed Data Table

Initial Conditions

D.PPT1, ..., D.PPT4 must be set to D.EPT1, ..., D.EPT4, respectively.
V.ECT1l, ..., V.ECT4 must be set to V.ECK1l, ..., V.ECK4, respectively.

V.FPIO must be non-zero.

Notes

There are four telemetry tables. This module telemeters one entry from each
table each computation cycle in such a manner that each table is completely
telemetered once before beginning telemetry of any table a second time and each
table is completely telemetered twice before beginning telemetry of any table

a third time. Each table begins at corresponding locations in different data

sectors so that the selection of a table is made by changing data sectors.
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o Telemetry Table 1:

o Telemetry Table 2:

o Telemetry Table 3:

o Telemetry Table 4:

Contains 3 fine gimbal angles and time and 3

backup gimbal angles and time. Eight words
per entry. PIO Tag 3404. ‘

Contains the 60 second composite FMR word and

time. Two words per entry. PIO Tag 3414.

Contains 3 accelerometers and time. Four

words per entry. PIO Tag 3410.

Contains MC24 and time, TLC and time, :vitch
selector and time, DIN's and time, etc. Two

words per entry. PIO Tag 3041.

This module queues itself out when each compressed data table has been

completely telemetered three times or is queued out by the DCS module

(DS) upon receipt of a Terminate DCS command.

The flag V.KSTR must be set non-zero in the Flight Mode to indicate data

compression is active. In the Flight Simulation Mode, the flag is set

according to the Flight Simulator Indicator request for data compression.
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2.9 DISAGREEMENT BIT PROCESSING (DG)

Function

The function of the Disagreement Bit Processing module is to determine the
conditions under which LVDA hardware logic has set the disagreement bit and

to select a good resolver for minor loop processing.

Entries

M.DGOO Entered from the Minor Loop module for all axes.

External

U.DO00 Discrete Output Register Set/Reset Utility
U.TROO Real Time Telemetry Delay Utility

Input Data

D.VDGW Raw gimbal read

D.VDGS Count of failures in disagreement bit circuitry
D.GMLT HOP constant to telemetry delay or telemetry bypass
D.VAFR Count of times A resolver determined bad

D.VBFR Count of times B resolver determined bad

D.VABF Count of times A & B resolvers determined bad

D.VHDB Count of times B multiplexer circuitry defective

Output Data

D.VDGS Count of failures in disagreement bit circuitry
D.VAFR Count of times A resolver determined bad

D.VBFR Count of times B resolver determined bad

D.VABF Count of times A & B resolvers determined bad
D.VHDB Count of times B multiplexer circuitry defective
D.FDBF Disagreement multiplexer failure flag

D.VGDF Flag for gimbal angle disagreement
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. Status Words

D.VMC4 Mode Code 24
D.VICR Internal Control Register

Telemetry
Item PIO Tag Description
D.VDGW 0570 Error word

Initial Conditions

The following items are to be initialized at mission start:

D.VDGS Count of failures in disagreement bit circuitry
D.VAFR Count of times A resolver determined bad

. D.VBFR Count of times B resolver determined bad
D.VABF Count of times A & B resolvers determined bad

D.VHDB Count of times B multiplexer circuitry defective

Notes

The Disagreement Bit Processing module has three unique exits to indicate
the results of its processing. Control is returned to one of the three

instruction locations following the HOP instruction to M.DGOO as follows:

Word j HOP* M.DGOO
Word j+1 (Exit 1)
Word j+2 (Exit 2)
Word j+3 (Exit 3)

Exit 1: Either a cross over of the gimbals caused the DB to be set or a
' hardware DB circuitry set the DB invalidly. The gimbal is to

be used for processing of the actual attitude.
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Exit 2: No valid counter was found by using the test counters. .

Exit 3: A valid counter was found when the test counters were checked.

The good counter is to be used for processing of the actual attitude.
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2.10 DISCRETE OUTPUT REGISTER SET/RESET UTILITY (DO)
Function

This utility is entered whenever any bit is required to be set or reset in

the LVDA Discrete Output Register (DOR).
Entries

U.DOO0 Entered by any module to set a specified bit or bits in the DOR.
U.DO10 Entered by any module to reset a specified bit or bits in the DOR.

External
M.PC80 Data Compression Store Utility

U.TROO Real Time Telemetry Delay Utility
E.ENBL Enable interrupts

‘ E.IHBT Inhibit interrupts

Input Data
D.VDCT Time from GRR (in seconds positioned for data compression) *
D.FPHS Phase indicator flag: *
(-) = Boost
(+) = Orbit (any bits except sign bit) *
Output Data
V.DOFF Mask word which specifies which DIN's are to be processed *
when they change from ON to OFF *

D.VDPM Mask word which specifies which DIN's are to be processed

when they change from OFF to ON
D.VMO5 Rate limit for all ladders in Minor Loop *
D.GMLT HOP constant which inhibits Minor Loop Error Telemetry

‘ F.IGCO Inhibit High Speed Loop flag *




Status Words .

D.VDOR  Discrete Output Register
D.VMC7 Mode Code 27

Telemetry
Item PIO Tag Description
V.DORS 0425 DOR Telemetry word

Initial Conditions

The DOR Status Word, D.VDOR, must be initialized at mission start.

Notes

A 13 bit image, which indicates all bits to be set or reset, must be in ‘

the accumulator upon entry.

A test is made to determine if DO4 and DO6 are to be set. If these
Discrete Output Register bits are requested, the time, tag, and DOR
status word will be compressed and stored during Phase 2 in Data
Compression Table 4. The designated bit in Mode Code 27 will be set
when DO4 and DO6 are set.
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PindbllL

DISCRETE PROCESSOR (DP)

Function

The Discrete Processor module accesses individual discrete and time base

modules to perform all functions required when it detects change in the

logic of any of the discretes specified for processing.

Entries

M.DPOO Entered from the Non-Interrupt Sequencer once per computation

cycle during Phase 1 and once per second from the Phase IT Control

module during Phase 2.

External

M.DPO9
M.DP14
M.DP15

E.ENBL
E.IHBT

Discrete Input 9
Discrete Input 14

Discrete Input 15

Enable interrupts

Inhibit interrupts

Input Data

D.VDPM

V.DOFF

D.VDPT

Mask word which specifies which DIN's are to be processed when

they change from OFF to ON

Mask word which specifies which DIN's are to be processed when

they change from ON to OFF

Mask word which specifies which time base discretes are to be

processed.
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. D.GTBD HOP constant to execute Time Base module

OutEut Data

D.VTRS Real Time Clock at discrete read time

V.DINT Current reading of the Discrete Input Register
Status Word
None.

Telemetry

None.
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CISCRETE PROCESSCR (CP)
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2.12 DISCRETE INPUTS 14 and 15 (DP1)

Function

This module will adjust the backup S-IB thrust (acceleration) and mass
flow rate parameters and provide the Time Tilt module with an indicator
for modification of the pitch tilt arrest time and pitch profile to
compensate for an early S-IB Inboard or Outboard Engine Out condition
(DI1l4 or 15).

Entries

M.DP14 Entered from the Discrete Processor execution during a mission
dependent interval and upon detection of the S-IB Outboard Engine
Out discrete (DI14).

M.DP15 Entered from the Discrete Processor execution during a mission
dependent interval and upon detection of the S-IB Inboard Engine
Out discrete (DI15).

External

U.TROO Real Time Telemetry Delay Utility

Input Data

D.VDPM Mask word which specifies which DI's are to be processed when
they change from OFF to ON

D.VTAS Total time elapsed in mission

D.VTRS Real Time Clock at discrete read time

D.KT1 Time Base 1 start time from GRR

D.KT2 Time Base 2 start time from GRR

D.KT3 Time Base 3 start time from GRR
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‘utput Data

D.VDPM Mask word which specifies which DI's are to be processed when ‘
they change from OFF to ON

D.VEOF Engine out multiplication factor for backup F/M calculation *

D.VEOT Time of S-IB engine out *

D.VSND Constant used to compute V.ACZR in Accelerometer Processing

Status Words

D.VMC5 Mode Code 25

D.VMC4 Mode Code 24

D.FILE Flight Program Status *
Telemetry

Item PIO Tag Description

D.VDIT 0465 Engine Out Discrete Telemetry

Initial Conditions

DI's 14 and 15 must be inhibited at start of mission; i.e., they must not

be initially included in the Discrete Processor mask word D.VDPM.

Notes

DI's 14 and 15 must be enabled (included in mask word D.VDPM) at a

mission dependent time in Time Base 1.
DI's 14 and 15 must be inhibited (removed from mask word D.VDPM) as follows:
o DI's 14 and 15 when processed by this module

o DI1l4 at start of Time Base 3
o DI15 at start of Time Base 3
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2.14 DISCRETE INPUT 9 (DP3)

Function

This module will set status and control indications when the spacecraft

assumes or relinquishes attitude control (DI9).

Entries

M.DP09 Entered by the Discrete Processor on detection of a logic change

of the SC Control discrete (DI9).

External

E.IHBT Inhibit interrupts *
E.ENBL Enable interrupts *

Input Data

V.DINT Current reading of the Discrete Input Register
D.VDPM Mask word which specifies which DI's are to be processed when
they change from OFF to ON

Output Data

D.VDPM Mask word which specifies which DI's are to be processed when
they change from OFF to ON

V.DOFF Mask word which specifies which DI's are to be processed when
they change from ON to OFF

V.ROL Present and previous roll commands in sequential locations
V.YAW Present and previous yaw commands in sequential locations

V.PIT Present and previous pitch commands in sequential locations
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‘ Status Words

D.VMC7 Mode Code 27
D.FILE Flight Program status *

Telemetry

None.

Initial Conditions

DI9 must be inhibited at the start of the mission, i.e., it must not be
included in the Discrete Processor mask words D.VDPM and V.DOFF.

Notes

‘ DI9 must be enabled at a mission dependent time in Time Base 4.
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2.15 DIGITAL COMMAND SYSTEM (DCS) (DS)

Function

The function of the DCS module is to provide a real time method of control-
ling the LVDC Flight Program and obtaining program information. The DCS
module will process all legal DCS commands and provide proper communication

between the LVDC and the ground support equipment.

This module will also provide communications with the ground support equip-
ment when initialized by the Preflight DCS Linkage module.

Entries

M.DSO0 Entered via Interrupt Processor upon recognition of DCS interrupt.

External

M.SS00 Switch Selector Check

U.TROO Real Time Telemetry Delay Utility
U.SSRQ Generalized Switch Selector (M.SS00)

E.Q Water Coolant Valve Check (M.WMOO)

E.Q Navigation Update Implementation (M.NUOO)

E.Q Compressed Data Dump Telemetry (M.CTO00)

E.Q Memory Dump Telemetry (M.DTO0)

E.Q Maneuver Processor (M.MP55)

E.Q APS Attitude Control Test (M.AC00) *
E.Q Time Base 5 Start Logic (M.TB50)

E.Q Maneuver Processor (M.MP50) *

E.QT Navigation Update Implementation (M.NUOO)

E.QT Maneuver Processor (M.MP55)

E.QT Time Base 5 Start Logic (M.TB50)

E.QT Maneuver Processor (M.MP50) *
E.ENBL Enable interrupts

E.IHBT Inhibit interrupts
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Input Data

F.DSEN
F.SSAC
D.FDTL
V.GBIA
D.VTMM
D.VTRR
D.VRTC

Data enable flag

Switch Selector active flag

Memory Dump/compressed data dump in progress flag
Time base bias to be implemented

Elapsed time in mission from GRR to last time update
Elapsed total time in current time base

Real time clock reading at last time update

Output Data

D.VUXS
D.VUYS
D.VUZS
D.VUDX
D.VUDY
D.VUDZ
D.VNUT
D.FTUP
D.FDTL
D.FPFT
D.VDLO
D.VDHI
V.GBIA
V.GSSB
V.1
V.LAMB
V.IV
V.COR
V.THET
V.LAMD
D.GRRT
V.TLWC
D.SMCK

X Navigation Update position

Y Navigation Update position

Z Navigation Update position

X Navigation Update velocity

Y Navigation Update velocity

Z Navigation Update velocity
Navigation Update implementation time
Time Update waiting flag

Memory Dump/compressed data dump in progress flag
Preflight Memory Dump Telemetry flag
Memory Dump start address

Memory Dump stop address

Time Base bias to be implemented
Formatted Generalized Switch Selector word
Inclination angle

Descending node

Insertion velocity

Cutoff radius

Path angle

Rate of change of descending node
Predicted time of GRR

Time of Launch Window close

Sum Check Factor for Target Load Parameters
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F.DSEN Data enable flag
. D.XREF Inertial X-axis reference angle for commanded maneuver
D.YREF 1Inertial Y-axis reference angle for commanded maneuver
D.ZREF 1Inertial Z-axis reference angle for commanded maneuver
F.MIYP Commanded maneuver type flag
F.TSOM Time to implement commanded maneuver
D.VIDS Time to start Time Base 5
D.VILD Duration of LOX dump included in De-orbit command *
D.VTHD Duration of LH2 dump included in De-orbit command *
D.VM06 Pitch and yaw ladder magnitude limit
D.VM16 Roll ladder magnitude limit
F.CLML Ladder magnitude limit change word
D.VER8 Accumulated eight second composite EMR word
F.EMR8 Dark period EMR accumulation flag
D.DLVR Delta velocity to be attained for S-IVB/IU De-orbit

D.ELVR Delta velocity check allow flag *
G.ACO0 APS attitude control test HOP constant (M.AC00) *
D.MPTB Pointer for enabling the extraction maneuver *
‘ V.T4M6 Extraction enable start time *
V.T4M7 Maneuver 7 start time *
V.T4M8 Maneuver 8 start time *

Status Words

D.VMC7 Mode Code 27

D.VLNK DCS Status

D.VASW Switch Selector Request word
D.VMC4 Mode Code 24

Telemetry

Item PIO Tag Description

V.DSST 4030 DCS Mode Status Word (Telemetered 2 times)

V.DSDT 4574 DCS Data Status Word (Telemetered 2 times)
‘ V.DSER 4055 DCS Error Word (Telemetered 2 times)
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Initial Conditions

None.
Notes

The seven navigation update parameters must be transmitted in the order:
ZDS, XDS, YDS, ZS, XS, YS, and NUPTIM. These parameters will be stored
in memory module 4, sector 15, locations 371 through 377.

The nine target load parameters will be stored in memory module 0, sector
16, locations 360 through 370, and will be transmitted in the following

R, 6,4, A, A, T T TLCK.

order: ¥os Rpo O 0 GRRO’ "LWC’

T’

The four De-Orbit parameters will be stored in memery module 2, sector

14, location 374 through 377 and will be transmitted in the following

order: TDSS’ TLDD’ THDD’ DELVR.
The following programs are executed from this module (entry point in ‘
parentheses) :

(D.S260) Update Sequence Time Base
(D.S330) Navigation Update

(D.S380) Generalized Switch Selector
(D.S430) Memory Dump

(D.S510) Terminate

(D.S770) Water Valve Control

(D.S790) Target Load

(D.S810) Generalized Maneuver Routine
(D.S860) Return to Timed Maneuver Sequence
(D.S900) Ladder Magnitude Limit

(D.S925) Compressed Data Dump

(D.S950) S-IVB/IU De-Orbit

(D.S960) Extraction Maneuver Enable *
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All DCS error messages are set through telemetry by the DCS Common Error

‘ tlandler whose entry point is DS220.

The Computer Reset Pulse (CRP) is set and reset by the CRP Set/Reset
Routine whose entry point is D.S200.

All DCS output data is sent through telemetry by the Output Data Routine

whose entry point is DS250.
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2.16 MEMORY DUMP TELEMETRY (DT)

Function

The Memory Dump Telemetry module telemeters the contents of the requested

LVDC memory location(s) when a DCS memory dump is requested.

Entries

M.DTO0 Entered from the Non-Interrupt Sequencer once a computation

cycle when queued-in by the DCS Processor.
External
U.TRO0O Real Time Telemetry Delay Utility
E.ENBL Enable interrupts

E.IHBT Inhibit interrupts
E.Q Memory Dump Telemetry (M.DTOO)

Input Data

D.VDLO Memory Dump start address
D.VDHI Memory Dump stop address
D.FDTL Memory dump/compressed data dump in progress flag

Output Data

D.FDTL Memory dump/compressed data dump in progress flag
D.FPFT Preflight DCS dump in progress flag

Status Words

None.
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Telemetry

Item P10 Tag Description

V.DDTL 4470 Header Word of Memory Dump Block
4474 Word 1 of Memory Dump Block
4500 Word 2 of Memory Dump Block
4504 Word 3 of Memory Dump Block
4510 Word 4 of Memory Dump Block
4514 Word 5 of Memory Dump Block
4520 Word 6 of Memory Dump Block
4524 Word 7 of Memory Dump Block
4530 Word 8 of Memory Dump Block
4534 Word 9 of Memory Dump Block
4540 Word 10 of Memory Dump Block
4544 Word 11 of Memory Dump Block
4550 Word 12 of Memory Dump Block
4554 Word 13 of Memory Dump Block
4560 Word 14 of Memory Dump Block
4564 Word 15 of Memory Dump Block
4570 Word 16 of Memory Dump Block

Initial Conditions

The memory dump in progress flag must be initialized to zero at start of

mission.

Notes

On entry to this module, the starting and ending addresses (including sector
and even module) must be given in D.VDLO and D.VDHI respectively, and the

memory dump in progress flag, D.FDTL, must be set to minus.

If a dump is requested when the in progress flag, D.FDTL, is already set, *

the new request will override the current dump in progress. It is

Rev. K
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therefore the responsibility of the requesting module to test the in

progress flag D.FDTL.

If a dump is requested in which the starting or ending address is from

an odd module, the data from the duplexed even module will be telemetered.
To terminate a dump in progress, a module must queue-out the Memory Dump

Telemetry (M.DT00) and clear the memory dump in progress flag, DwFDTL, to

Zero.
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2.17 F/M CALCULATIONS (DV)

Function

The function of the F/M Calculations module is to compute the actual

acceleration from the accelerometer readings.

Entries

M.DVOO Entered from the Non-Interrupt Sequencer once per computation

cycle when the module is queued in.

External

U.FDOO

Fixed Point Divide Utility

U.SRO0 Square Root Utility

U.TROO Real Time Telemetry Delay Utility

E.Q F/M Calculations (M.DV0O)

Input Data

D.VXDM X component of measured velocity

D.VYDM Y component of measured velocity

D.VZDM Z component of measured velocity

D.VDT Elapsed time between current and previous computation cycle
accelerometer reads in seconds *

D.VOXM Previous X component of measured velocity

D.VOYM Previous Y component of measured velocity

D.VOZM Previous Z component of measured velocity

F.FM Flag to indicate that F/M should be set to a constant value

D.GMFS Variable HOP constant to compute M/F smoothed or to avoid
computing M/F smoothed

D.VFOM Total vehicle acceleration determined from accelerometer readings *

ITI-2-85
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Output Data

D.VFOM Total vehicle acceleration determined from accelerometer readings * ‘
D.VXDD X component of platform measured acceleration
D.VYDD Y component of platform measured acceleration

D.VZDD Z component of platform measured acceleration

Status Words

None.

Telemetry

Item PIO Tag Description

D.VXDD 1134 X component of platform measured acceleration

D.VYDD 1140 Y component of platform measured acceleration

D.VZDD 1130 Z component of platform measured acceleration

D.VFOM 1144 Total vehicle acceleration determined from accelerometer *
readings ‘

Initial Conditions

None.

Notes

During periods of flight in which the F/M computations may be unusually noisy,
preset constants are used in place of computed values of D.VFOM. The F/M
Calculations module will not be executed after setting D.VFOM to the constant
value, as this module will then queue itself out. F.FM will contain the
preset constant if it is a non-zero positive value. If the constant is zero,

F.FM will be set negative.

This module will call the M/F Smoothing module as required in the mission

timeline (controlled by the Events Processor).
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F/M CAILCULATIONS (L) 2
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. 2.18 ETC/BTC (EB)

Function

At the end of each computation cycle, the module will mark the end of the
current telemetry cycle and the beginning of the next telemetry cycle with
an end telemetry cycle (ETC) word followed by a begin telemetry cycle word
(BTC). This module will also serve as a telemetry catch-up module; i.e.,
all telemetry items not telemetered from other modules will be telemetered
by the ETC/BTC module. The ETC/BTC module will also reset system status

words if necessary.
Entries

M.EBOO Entered once per computation cycle from the Non-Interrupt Sequencer

during Phase 1.

‘ M.EB10 Entered once per second from the Phase II Control module during
Phase 2.

External

M.0DOO Digital Output Multiplexer (DOM) Telemetry
U.TROO Real Time Telemetry Delay Utility

Input Data

G.0D00 HPC to Digital Output Multiplexer Telemetry routine (M.0DO0O)

OutEut Data

None.
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Status Words

D.VMC4 Mode Code 24

D.VMC5 Mode Code 25

D.VMC7 Mode Code 27

D.VDOR Discrete Output Register
D.VICR Internal Control Register
D.VEMR Error Monitor Register
D.FILE Flight Program Status

Telemetry

Item PIO Tag Description

V.BTC 0575 Begin telemetry cycle word
K.ETC 0571 End telemetry cycle word
V.LOTW 0415 Mode Code 24

D.VMC5 0421 Mode Code 25

D.VMC7 0420 Mode Code 27

D.VDOR 0425 Discrete Output Register
V.DINT 0445 Discrete Input Register
D.VICR 0431 Internal Control Register
V.EMR 0435 Error Monitor Register

Initial Conditions

The begin telemetry cycle word (V.BTC) must be set to zero at mission

start.
Notes
The ETC/BTC module must be the last module in the Phase 1 Non-Interrupt

Sequential Control Table and the last module called by the Phase II

Control module.
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The Hop constant, G.0D00, is set to M.ODOO in Phase 1 Initialize and at

start of TB4 to activate the Digital Output Multiplexer Telemetry module.

The Iterat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>