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FORCWORD

This Integrated Command, Control, Communications and

Computation (IC4) Functional Architecture document has

been prepared by Computer Technology Associates, Inc.,

Denver, Colorado as a data rcqulremeyt in the performance

of the 1céd system study contract NASS5-26369 for NASA
Goddard Space Flight Center.

'
!
Y

s

P N SRR s i LS




0
1
.2 Scope
3

TABLE OF CONTENTS

Poreword &
Table of Contents

INTRODUCTION
Purpose

Acronyms and Abbreviations

2.0 APPLICABLE DOCUMENTS

B e e TR AL

System Introduction

1l System Terminology
.2 System Overview

3 Opcrations Overe:-w

.2 Tunctional Hiera.chy
ad

.1  Science Instrument Control
od

.2 Subsystem (Power, The.mal or

1C4 FUNCTIONAL ARCHITECTURL DEFINITION

Science cxperimenter Functional Hisrarchy

Instrument Data Acquaisition and YJtilazation

t.ta 3t- -aqge

Management) Functional Hierarch.

1 Subsystem Mission Support
2.2 Subsystem Control

Hierarchy

Mission Support

2.3 OBC or Command Mcmory Management Functaional

1
.2 Data Acquasitaion and Utilizataion

1 Subs»stem Mlssxon Support

1 Mission Support
-5.2 Attaitude Subsystem Control

!

.

.3.

.3

.4 Subsystem (Communications) Functicnal Hierarchy
.4,

-5 Attlrudg.Subsvstem Functional Hierarchy

.5.

5]

WO e .

17

- I
]
[l

15
17

20
21

23
23
24




-

TABLE OF CONTENTS CONTINUED -

3.2.6 Orbit Subsystem Functional Hierarchy
3.2.6.1 Mission Support

.2.6.2 Orbit Subsystem Contiol

.2.7 Mission Management Functional Hierarchy

W W W
v

.2.7.1 Obsearvatory Control

W
)

.2.7.2 Ground Operations Control

3.2.8 Obscrvatory Moaitor and Ccntrol Functional
Hicerarchy
1

3.3 Key Features ‘
3.3.1 Intecractive User )

3.3.1.1 Displays

3.3.1.2 1Information Access

3.3.1.3 Procedure Access

3.3.2 Sequence Packaqges

3.3.3 Adaptave Update Camabilaty

3.3.1 In-House Real-Time Operatiors

Operational Activity Threads

Long Range Planning Activitics

1
.2 Planning and Scheduling

Interest s

3.4.2.2 User Update Capability to Observatery
Sequence . B

3.4.3 Comrmand Generatior and valaidataon
4.3.1 (¢GsV for a Pericd of Interest
2 (CGaV for a Command Peraicd

3.4.3.3 CGaV with Completed Power, Thermal and Data
Analysis

3.4.3.4 CGsV with Completed Uplink Plan
3.4.3.5 Paramcter Updatc. Capabilaities
3.4.4 Real-Time Opcrations

3.4.4.1 Local Operations

3.4.4.2 In-House User Operations

!
3.5 Interfaces

v -

R YCt S AN s M P R I 2 I s L
R A AT R AR E

TN miven. =




@: FIGURES '

. . Page ;
Figure 3.1-1: icé System Overview 10 f
3.1-2: Operational Activity Overview 12
0T 3.2-1: Functional Hierarchy Overview 16
3.2-2: Scaence Exreramenter Functional 18
Hierarcny
3.2~3: Subsystem (Power, Thermal or Data 22
Storage Maragement) Functional Hierarchy
3.2-4: OBC (or Cormand Mémory) Management 25-
Functional Hierarchy
3.2-5: Subsystem ‘Communications) Functional 27

Hierarchy
3.2-6: Attitude Subsystem Functional Hierarchy 29
3.2-7: Orbit Subsystem Functional Hierarchy 32
.2-8: Massion Management functional Hierarchy 35
3.2-9: Obsecvatory Monitor and Control

Functional Hierarchy 38
E? 3.3-1: Contents of a Sequence Package, Part I- 44
Graphics

3.3-2: Contents of a Sequence Packawe, Part II- 45
_ Graphics (1 of 2)
3.3-2: Contents of a Sequerce Package, Part II- 46
Graphics (continued, 2 cf 2)

3.3-3: Sequence Generation Basecline Graphacs 19
3.3-4: Adaptive Update Capabilaity 56
"3.4~1: Planning and Scheduling for Period 63 -

of Interest

3.4-2: User Update Capability to Observatorvy 67
Sequence

3.4-3: Command Generataon and Validoetaion 69
(CGaV) Part I

3.4-4: Command CGaneration and Valadataion 70
Part 1II _ N

3.4-5: Command Genceration and Valiadataon 84

Part IIT (Parameter Update
Implementations)

3.4-6: Real-Time Operations (Pass Actavities) §7

g; 3.5-1¢ ICY System Interfaces 94

\’

B P T L e T Y e vl i WAL KT S T v
JoE e NS 7 e -




Storage Management) to Orbit Subsystem

J
|

B

i s IR R - LI

% TABLES
N Page
Table 3.3-1: Types of Adaptive Updates 54
3.5~1: Subsystem (Power, Thermal, On-Board Data 96
Storage Management) to Science Experaimenter
3.5-2: OBC (or Command Memory) Management to ‘ 97
Science Experimenter
3.5-3: Subsystem (Communications) to Science 98
Experimenter
3.5-4A: Science Experaimenter to Attitude Subsystem 99
3.5-4B: Attitude System to Science Experaimenter 100
3.5-5A: Science Experaimenter to Orbit Subsystem 101
3.5-5B: Orbat System to Science Experimenter 102
3.5-6A(1): Science Experimenter to Mission Management 103
3.5-6A(2): Science Experimenter to Mission -Management 104
(containued) )
! 3.5-6B(1): Mission Management to Science Experimenter 105
%? 3.5-6B(2): Mission Management to Scaence Experimenter 106
(continued)
3.5-7A: Scaience Experimenter to Observatory Monitor 107
' and Control e e L
3.5-7B: Observatory Monitcr and Control to Science 108
Experamenter ) .
3.5-8A: Subsystem (Power, Thermal, On-Board Data 109
Storage Management) to OBC (or Command Memory)
_3.5~-8B: OBC (or Command Memory) to Subsystem (Power, 110
i Thermal or Data Storage Management) - _
3.5-9A: Subsystem (Power, Thermal, On-Board Data 111
Storage Management) to Subsystem (Communications)
3.5-9B: Subsystem (Communications) to Subsystem (Power, 11°
Thermal, On-Board Data Storage Management)
3.5-10A: Subsystem (Power, Thermal, On-Board Data 113
Storage Management) to Attitude Subsystem
3.5-10B: Attitude System to Subsystem {Power, Thermal, 114
On~Board' Data Storage Management)
!
3.5-11A: Subsystem (Power, Thermal, On-Board Data 115

/
>~ T~ .- Ve ]




TN PR SN

X AT

3
—_—

-
¢

.

SHE R AR I

TABLES CONTINUED

. Page
Table 3.5-11B: Orbat Subsystem to Subsystem (Power, Thermal, 116
On-Board Data Storage Management)
3.5-12A(1): Subsystem (Power, Thermal, On-Board Data 117
Storage Management) to Mission Management
3.5-12A(2): Subsystem (Power, Thermal, On-Board Data 118
Storage Management) to Mission Management
(contanued)
3.5-128(1): Mission Management to,K Subsystem (Power, 119
Thermal, On-~Board Data Storage Management)
3.5-12B(2): Mission Management to Subsystem (Power, 120
: Thermal, On-Board Data Storage Management)
' {continued) )
3.5-13A: Subsystem (Power, Thermal, On-Board Data 121
Storage Managcment) to Obscervatory Monitor
and Conrrol - - - e
3.5-13B: Observatory Monitor and Control co Subsystem 122
' (Power, Thermal, On~Board Data Storage
Management)
3.5-14A: OBC (cor Command Memory) Management to 123
Subsystem (Communications)
3.5-14B: Subsystem (Comminications)_to OBC_(or_Command 124
Memory)
3.5-15: OBC (or Command lMemory) Management to Attitude 125
Subsystem
3.5~16: OBC (or Commind Memory) Management to Orbat 126
] Subsystem
3.5~17A: OBC (or Command Memory)} Management to Mlssion 127
Management
3.5-17B(1}: Mission Management to OBC (or Commard 128
Memory) Management
3.5-17B(2): Mission Management to OBC (or Command 129
Memory) Management (continued)
3.5-182; OBC leor Commana Memory) to Observatory 130
Monitor and Control
- 131

3.5-18B: Observatory Monitor and Control to OBC
{or Commnand Mumory) Management

vii

T S
———e.
N At

AT S nt T o’ STt 3 e S T P

BN v T -
I P
.
o R
e -




R >

B IR ad R RGN R TR} i QA
t . ,

viahd
(T

LN
S

TABLES CONTINUED

- H
-
R S A N 0

Page
Table 3.5-19A: Subsystem (Communications) to Attitude 132
Subsystem i
3.5-19B: Attitude System to Subsystem (Communications) 133
3.5-20A: Subsystem (Communications) to Orsit Subsystem 134
3.5-20B: Orbit Subsystem to Subsystem (Communica+*ions) 135
3.5-21A(1): Subsystem (Communications) to Mission 136
Management 3 i
3.5-21A(2): Subsystem (Communications) to Massion 137
Manacement (continued)
3.5-21B(1): Mission Mangement to Subsystem 138
+ (Communications)
3.5-21B(2): Mission Management to Subsystem 139
(Communications) (continued) ,
3.5-21B(3) : Mission Management to Subsystem 140
(Communications) (continued)
3.5-22A: Subsystem (Communications) to Observatory 141
Monitor. and Control
3.5-22B: Observatory Monitor and Control to Subsystem 142
(Communications) e e e .
3.5-23A: Attitude Subsystem to Mission Maasagement 143
3.5-23B(1): Mission Management to Attitude Subsystem 144
3.5-23B(2) : Mission Management to Attitude Subsystem 145
(continued)
3.5-24A: Attitude Subsystem to Observatory Monitor l46
and Control o -
3.5-24B: Observatory Monitor and Control to Attaitude 147
Subsystem
3.5-25A: Orbait Subsystem to PMission Management 148
3.5-25B: Mission Mangement to Crbat Subsystem 149
3.5-25B(2): Mission Management to Orbit Subsystem 150
{continued) .
3.5-26A: Orbit Subsystem to Observatory Monitor and 151
Control
viii

T e ue e

M;:..Mammwxnm‘.’a T e L V- IR LA o 7 s B S O S Y VA SV
= 3

’
1

3

'
f




\

1 TABLES CONTINUED

)

Table 3.5-26B: Observatory Monitor and Control to Orbit
Subsystem

3.5-27A: Mission Management to Observatory Monitor
and Control

3.5-27B: Observatory Monitor and Control to Mission
Management .

3.5-28A: Mission Management to Ground-Space Link
3.5-28B: Ground-Space Link to Mission Management

3.5-29A: Observatory Monitor and Control to
Ground-Space Lank

3.5-29B: Ground-Space Link to Observatory Monitor
and Control

3.5-30A: Ground-Space Link to Spacecraft ;,-. . _ .

3.5-30B: Spacecraft to Ground-Space Link

1X -

152

153

154

155
156
157

158

159
160



l(
]

3

s

e 0 e —
Fw‘ .
;

1

1.0

INTRODUCTLON '
1.1 P. -pose

The purpose of this document 1s to present a functional

architecture for an Integrated Comménd, Contcol, Communicataions

and Computation (IC4) system which 1s applicable tu space-

craft command and control during the TDRSS era from the 1980s

to the early 1990s.

] t
/

The 1c4 system study is concerned with the command and
Icontrol portion of the NASA End-to-End Data System (NEEDS)

program.
provide the systems concepts, techniques and -tecnnology---.-—_. _ .
which waill
reduce the
space data
throughout
objective the end-to-end process has—been-decomposed-anto_....__

The objectives of the total 'NEEDS program are to

increase the end-to-end data system responsiveness,
relative cost of extracting informaticn from

and increase the degree of standardization

{Reference 3}

the system. In meetaing thas

the following functional areas:

a.
b.
c.
d.

e.

g.
h.

1.

Sensor s
Sensor-unigue processing

Ancillavy Data Computing - N
Cormand and Control/Data System

Space~-to-Ground Transport

Ground Transport (Downlank)

Data Staqing )

Supporc Computing (Ground)

Data Bases

Distribution Network

Data Bases (User)

End User-

Mission Planning

Command %nd Control (Ground)
Ground Transport (Upl:nk)

Ground-to-Space Transport. (Reference 3)

1
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The 1c? functional architecture descriped in this document
braings into focus the requirements for an integrated system
which supports the command and control portions of the
followang NEEDS areas: o
a. Command and Control (Ground)

b. Mission Planning .
c. End Use:x t

d. Data Bases (User) j
e. Distribution Network

f. Data Bases

g. Support Computing (Ground)'

h. Data Staging

1. Command and Contrcl/Data System (4round portions)

3. Sensor-unique Processing {(ground portions}.

The tequirements which have driven this functional architecture

are documented -n the 1c4 Svstem Functional Reguirements

(eference 2?). These requirements have been derived from
analys's of the SMM, SME, UARS, and ERBE mission desians
as well as knowledge of the Vikir.g and Swpace Telescope
2ci1rements.
The IC? system described herein 1s a highly automated
user-machine interactive system which allows multiple
users the capability and flexaibility to execute observatory
command and control. All users (science experamenters,
mission designers zand spacecraft component engineers) are
provided capabilities relative to requesting observatory
responses, 1ntegrating these requests intc a unified
seguence of events, modifying these events 1n response
to observatory data and ultimately command-'nqg the vehacle.
The IC4 system emphasizes tiie utilization of standard
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interfaces, procedures and techniéues which may be applied

across a broad spectrum of GSFC missions during the TDRSS

era. The system removes the reguirement that all users

be colocated by providing a cormon interface which may

be remrotely located at user facilities. The standard,

common command and cont:iol capabilities compraise a

pasis set of mission requirements. The generation of a

system design for both this basis IC4 system and the

extension to a design for a specific mission model will

be accomplished in subsequent efforts for NASA GSFC by .
Computer Technology Associates, Inc.

1.2 Scope .

The functional architecture focuses exclusively on command
and control activities. However, downlink data processing
and analysis functions are included as required to support
the uplink process. The functional architecture provides

the functional characterastics addﬂgompopeg;s_oﬁ_the“IQﬂ*____4#___ )

system with a top-level allocation of resources (i.e., people
and computers) to specific activitaies.

1.3 Acronyms and Abbrev;atléns <.

CGav Command Generation and Validation

CRT Cathode Ray Tube

D/L ~ Downlaink

GSTDN Goddard Space Tracking Data Network

B&S Health and Safety

1céd Integrated Command, Control, Communication, and
Computation

I0S Integrated Observatory Sequence

LRP Long Rang Planning
]
)
|
} - :

4 3

r i 2 U

Ay L8
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NéEDS
oBC
PasS
POl
R/T
TDRSS
™
u/L

*

NASA End-to-Und Duta Syscem

on-Boaird Computer

Planning and Schedulang

Period of Interest

Real-Time I

Tracking and Data Relay Satellite System
Teloemetry

Uplink

[N
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- 1 T s TR e = - - - had -
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b1
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|
19. SME Project Launch Operation Support Cirrcuit, JIPL, April 1980.

5




3

e -

A

25
P

3.0 IC% FUNCTIONAL ARCHITECTURE DEFINITION

By o

The purpose of this section is to define the IC4 system
functional architecture. The following information provides

argwor e

-
2

<t

this definataion:

F

—

a. functional hieracchy

t b. key system features
c. operational actavity threads ’
d.‘ interfaces.

] The functional hierarchy provides the decompusition and
allocation of command and controi functions to the elements
within the IC4 system. The key features cummarize the

major capabilities of the IC4 system. Opeiccional activity

threads illustrate the inter-relationship between the 1cd

) } system elements; demonstrate the manner in whaich the key

features are implemented and provide the order and timeliness

in which the operations are performed.  The interfaces
1llustrate those elements that originate or generate data
and those elements that use the data. The interfaces also

provide a description of the data and the data utilization

and access techniques.
H

3.1 System Introduction

rvmar e r Py v

This section provides an overview of the 1ct system and
¢ operatioral activities. Key definitions are first presented
to definc major terms used to describe the IC4 system

components. The overview then defines the system elements

1
o and summar:zes the interactions between these elements.

The operations overview summarize$ the operational activities
. and capabilities of the 1ct system.

: : /
1 . 7
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3.1.1 Svstem Terminology

Key system terminology and definitions are as follows:

i

a. Observatory - The observatory is the total vehicle

)

“%

that supports a specific mission. It includes science

+

anstruments, on-board processors and spacecraft components
regquired to support the science instruments or control

vehicle operations. ) .

W

7

b. Scaience Experimenter - The science cxwveraimenter 1i1s the

- —— —

initiator of science experimentation and the end-user of

the on-board science i1nstrument data. The functaions

~— performed by the science experimenter are as follows:

1) Generation of sequences required to command
' and control the on-board science instrument
| : 2) Ceneration of commards for an instrument -

unique on-board processor
3) Analys:is and interpretation of science and =~
! instrument engireeraing data
4} Dissemination and archival of sciernce and

1 instrument engineering data.

c. Subsvstem Elements - The subsystcem elements are responsible

for the command and control of the following on-board

.
.
LY S

subsystems: vower, thermal, data storage management,

communications (uplink and downlink), on-board computer

(OBC) or command memory, attitude and orbit. Subsystem
' element functions include analysis and interpretation of
/ subsystem data, generation of sequences required to’
- command and contrel the specific on-board subsystems
! and support of all (R cloments to produce obscrvatory

' sequaences.
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Sequences ~ A sequence is the definition of an ainstrument
or subsystem activtiy which defines start time, duration
and events within the activity. Inherent to a sequence
1s specific data which adds to the sequence definition
(i.e., power and thermal profiles of the instrument or
subsystem during the seguence, data and commanding
requirements, etc.).

Mission Management - Mission management coordinates and

integrates all other elements and actaivities with:n the
1ct system. It provides the frameworkdand-mechanlﬁmé~ —
whereby a unified plan of action and observatory and
ground sequences can be aenerated. The mi1ssion management
element provides the capability to incorvorate various
mission objectaives 1nto a final usable form and directs
the implementation of this detailed plan_of_action
or sequence of events.

User - User refers to the elements that interact with the
IC4 system to control an instrument or subsystem.
All science experimenters, subsystem elements and mission
management are considered users of the IC4 system.

Local Operations - Local operations refer to the standard,

project-wide real-time observatory monitor and control
functions which inclnde transmitting command loads and
monitoring real-taime data to assure observatory health

and safety.

agh PPV LT atrbede A - e
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- h. In-House Operations - In-house operations refer

to real-time functions unique to a svecific

L sind 2ad

science experamenter or subsystem user that are
conducted at the user facilaity.

(A ey

The user facility
may be at a location geograpkically dispersed
from the local operations facility, or it may be

T,

o

at the same faciliaty but residing 1n a sewvarate room
or building.

\ '
v
H

Ground-Space Link - The ground-space link primarily

refers to the observatory communications (uplink
and downlink) performed through TDRSS. It should

be noted that other forms of ground-space communizations

could be applicable (i.e., GSTDN and mission unique
i -
facilities for communications). However, for iLhe
purpose of this document, TDRSS 1s assimed to provide

the gJround=-s—ace laipa.,
4

— ——— - Smm————

3.1.2 System Overview .

The 1C* system provides the hgchanlsm by which the users

] command and contrcl the *cbservatory. The 1ct .vstem 1s

. highly automated and provxdcé the . ipabilaty to perform

the command and control activities n a timely manner vaia

a computer based, man-machine intecractave network.

-

pn o

Figure 3.1-1 defines the clements which comprise and
utilize the IC* system.

The elements are lirked together
by a computer and voice network which allows the elements

. to communicate with one unother from separate and remote
L
locations.

—

Each user has available a CRT terminal through
which the interaction with all system clements 1s conducted.

Using computer graphic interactive techniques, cach user
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has the capability to: a) particapate in the planning

and command generation activities; b) review uplink products;

c) assist in conflict resolution; and d) modify observatory

sequences (eather in response to conflicts or adaptavely '
An responsc to downlink data). Each element uses the

3
B
i
H
i
¥
v
&
¢
4
i
i

1interactive terminals to access system-wide data for display

ALY

and support in creating command and control requirements.

Additionally, each user uses the interactive terminals to

access and monitor downlink data and to participate in ‘the .

real-time uplink process.

3.1.3 Operations Overview i

/ Faigure 3.1-2 summarizes the operat:ional actaivities and
capabilities of the IC4 system. Command and control activities

are daivided into four basic areas of concentration as

| follows:
a. Long-range planning
b. Planning a2nd scheduling for a period of interest
c

Command generation and validation for the contacts

within the period of interest

- - d. Real-time operations for each contact. - -
A brief descraiption of these functions follows. Detailed

! activity threads are preasented in Section 3.4 of this document.

Long-range planning 1s a highly manual, people interactaive
function that occurs as required throughout the lifetime of
a mission. Long-range planning addresses the overall
mission picture providing goals, objectives ond plans for

an extended period of time. The outputs ot long-range

! .
B, rlanning provide aibaseline for day-to-day mission coperation: .
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Plarning and scheduling (P&S) 1s an automated and man-machine
interactive actavaty which addresses a fixed mission peraiocd

of interest (POI) and which occurs on a regularly scheduled

basis throughout the lifetimz of the mission operations,

The POI 1s a mission segment for which detailed scheduling

and coordination of observatory activities are pefformed.

The POI :1s typically on the order of one to two weeks.

Within the POI, there are one or more contacts between the

ground and observatory. Prior to the day-to-day planning *
and sch%dullng operations, the TDRSS schedule 15 established.
The TDRSS schedule covers a taime period greater than the

POI and 1s finalized by the time actual planning bagans

for the POI.
normal PCI P&S activitaies.

TDRSS scheduling is performed off-liné tothe- — 7~ -

Routine F&S operacions begin wath a planning meeting for
the POI.

craft elements and mission planning elements dcséss tHe

At th:s meeting, science representatives, space-

observatory operations and schedule major observatory events
for the POI (1.e., maneuvers, pointing agrzements, high

data rate operations). Basedson the outputs of the planning

~eeting, ail system users (science experimenters, subsystcm

\gineers, attitude anu orbit subsvstem engincers) cenerat
specific sequence packages/requests for the POI. fThe
combined sequences are referred to as the Integrated

Observatory Sequence (IOS). Associated with the IOS 1s a

conflict summary defining :nter-instrument, instrument-to-
spacecraft and observatory-to-ground conflicts. To resolve
conflicts between project elements, a coordination sess.on
1s held and the user request process 1S iterated until all
conflicts are resolved. The output of the coordination
session 1s a conflict-free I0S. After the IOS 1s generated
system users habe the capability 66 adaptively modify therr
sezuences within the I0OS 17 response to spacecraft or scionce

y -strument data received during a ?0T.

’
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Based on the I0S, mission management activates the command

- ‘ )
generation and validation (CG&V) process. CG&V 1s a highly
autcmated process that generates the following products:

a. Upload packages (command loads) for each contact during
the POI .

b. Upiink (Us;L) and downlink {D/L) profiles for each
contact during the POI ,f

c. Power/thermal profiles, on-board data storage management
strategy and OBC (or command memory) map for the POI

d. Validated integrated sequence with respect to power,
thermal, data storage, OBC (or command memory) and

communications (U/L and D/L) capabilities.

When conflicts are detected within the validation process

the 1integrated sequence 1s modified and the commrand generation .
and validation prncess 1s iterated until validation has beer

completed This process 15 repeated as reguired by mission -~ - Tt T
management to accommodate alternative observatory sequences (as

vart oI the IOS) and potential adaptive commanding requirements.

To complete the CGC&V process, .n1ssion management combines

- 2.1 upload packages 1nto uvnique sets for each uplink and

generates the real-time procedures for each contact period.

These procedures are then used to draive automatic opverations -

during contact with the observatory. Once 1integrated upload - -
nackages are prepared, the users have the capability to

apdate adaptively the command loads prior to command trans-

mission.

Real-time operations invclve two distinct areas: local
operations and in-house user operations. Local operations
inciude the standard project-wide real-tare operational
facility and interZace with TDR5S. In-house user real-time
operations include facilities and activities unique to a
.ser or user facility. Via in-house user operations, users
nave the capability tc monitor real-time dita 2nd wdapvivel

~odify uplcads based upon i1ncoming downil “~ lata.

14
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. 3.2 Functional Hierarchy .

.

Figure 3.2-1 aidentafies the 1c* elewents involved in the
ground processes which command and control the observatory.
Functional decompositions for each of the elements shown in
. the overview are contained in the hierarchy charts which
are discussed in the following sections. The functional
hierarchies define the detailed functions for each element.
Each element has becn decomposed into the component parts

which are necessary to produce an IC4 system. .
!

For science experimenters and subsystems (power, thermal,

attitude, orbit, data storage, OBC, communications), control

and data acquisitaion/utilization are common components., -— - — - -
! " The control component ccntains those functions necessary

to plan and cause to be implemanted on-board actavities.

The data acguisition and utilaization component, which contains
downlink-related functions, 1s included in this command .
and control analysis tor completeness-and-—-to-insure-that-the— — ——
feedback of data to the commaad and control functions is

considered in the total syste:» design. In addition, the

subsystem decompositinn3 include a mission support component .

which contains those functions necessary to allow full

utilization of observatoqy;papablfltles. These subsystems

support the mission by supplying projections of capabilities,
capacities and events. The power, thermal and on-board

data storage management subsystems are shown in one hierarchy -

4 components are similar. However,

chart because their IC
1n implementation they are totally separate and distinct

elements.

The missicn management element serves as the focal point

and controlling element for all activitaios. *Mission management
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is divided i1nto an observatory control component and a ground
o,erations control component to reflect the two areas of
responsibility. Finally, observatory monitor and control

is decomposed into observatory control, ground control and
data acquisition/utilization components.

These elements are discussed in the following paragraphs
and fully descraibed on the hierarchy charts.

3.2.1 Science Experimenter Furctionxl Hierarchy
i

i Figure 3.2-2 summarizes the functional hierarchy for the

science experaimenter element. The sclence experamenter
element 1s divided into two distinct Sunctions: 1) science
instrument control and 2) instrument data acquisition and
utilization. Science instrument control ainvolves all
activities necessary to generate instrument unigue sequences
and includes science experimenter real-time operations to

transmit selected sets of commands for ddaptive or anomalous
satuations. Instrument data acquisition and utalization
encompasses all downlink data processing and analysis necessary
to support science instrument: control functions, real-time
operations and science analysis. These two functions are
addressed 1n greater detail below.

3.2.1.1 Science Instrument Control

Science instrument control involves the Zollc¢ ing functions:

a. all planning actavities to determine 11tegrated mission
science requirements and to determine science instrument
events f{or the POI

b. sequencing activities to schedule instrument events
for the! POT
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c. sequence package development Eo support planning
and scheduling activities

instrument -processor management

e. user in-house real-time operations.

The science exper.ment planning function 1s divided ainto

two areas mission science planning and science instrument
planning. Mission science planning ncludes long-range

science planning to establish mission gcals and wbjectives.
This function involves coordination between all project
elements. Science xnstrument planning refers tc the planning
activities to support a specific science instrument. This
function is responsible for specifring major instrument events
during the planning PCI and for coordinating these events

with mission managemenc.

Instrument sequencing includes the selection and scheduling
of all instrument events during the POI. Thas function

1s responsaible for defainition of pre-defined adaptive
responses and pre-canned commanding reguirements. Instrument
sequencing provides all sequencing inputs to mission
management and participates in the review and conflact
resolution process to generate the Integrated Observatory

Sequence. . -

Sequence package development 1s an off-line process that
generates individual seguence packages. (Refer to Section
3.3.2 for a QQscrlptlon of the segquence packages.) The
sequence packages are selected and scheduled by the instrument

setuencang function.

Instrument processor management controls any instrument
unique on-board prccessor by mranaging the processor memory
) “
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and validating instrument commands sent.to this processor. )

The in-house il-time cperations function provides the
recal-time capability to request pre-canned instrument
command responses duraing a cc:tact with the observatory.
This function interfaces with the observatory monitor and
control function to request that commands be sent.

t
i

2

3.2.1.2 Instrument Data Acquisition and Utilization

Instrument data acquisitiaon and utilization involves the

following functions:

a. preparat:on for real-time operations

b. 1i1nstrument real-time and near real-time activities
tc support ain-house operations

¢c. 1instrumert data analysas

d. archival of science data.,

Preparation for real~time operations includes definition

of data necessary to support the observatory monitor

and control element to process and monitor real-time instrumrent
data. This function defines instrument parameters to be displayed
by observatory monitor and control and defines ccnversion

factors, alarm limits and recuired responses for these parameters.
Also, adaptive response parameters and associated responses

are defined. The instrument real-time and near real-time

support function 1s involved in i1n-nouse operatiors orly.,

This function 1s responsible for processing raw data and generating
in-house displayvys and is responsible for monitoring instrument
data in-house. The in-house data monitor function monators

instrument data (either the raw data as processed by the

- - ~ e ———— - B

e i
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5 instrument data collection function oqsthe real-time displays
from observatory monitor and control element). Also, the in-
house data monitor function interfaces with observatory monator

and control to support real-time operations.

The instrument data analysis and data archive functions involve
generation of science end products, analysis of these products
and archaival of the final data and products. Those functions

do nct directly support science instrument control and are -
included for completeness only. '

3.2.2 SuLsvsi.em (Power, Thermal, or Data Storage Management)

Functional Hierarchy :

1{ — ——————— . — R

t

Figure 3.2-3 summarizes the functional hierarchy for the power,
thermal and data storace managemenc subsysters. These three
subsystems contain similar functions, and for the purposes of

+ this uccument they are shown onrly once.

This subsystem element is diaivided into three dastinct functions:

1) subsystem mission support, 2) subsystem control and 3) subsystem
data acquasition and utilization. Subsystem mission support
involves support for the planning and command generation and
validation activities. Subsystem control involves those activities
regquired to generate subsystem unique sequences and includes
real-time operations to transmit selected sets of commands

for anomalous situations. Subsystem data acquisition and
utilization encompasses all downlink data processing and

analysis necessary to support 1) the subsystem control functaion,

2) real-time operatxon# and 3) subsystem data analysis. The

data acquisition and utilization funcrion 1s similar to the

one for the scieénce experimenter (section 3.2.1.2).

|
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Variations unique to the subsystem ar® covered on the hierarchy
chart. The remaining two functions are addressed in greater
detail below. )

3.2.2.1 Subsystem Mission Support

Subsystem missionr support involves the following functions:

a. support of observatory activities
b. support of the command generation and validation
process.

The planning support function generates subéystem pred:xcts -ttt

 (power, thermal and data storage management) for the POI.

These predicts are used by all system elements as required
during POI planning. )

The command generation and validation -support-function------ e -
1s responsible for validating observatory sequences and

assuring that no constraints are violated relative to

power, thermal and orn-board data storange. Also, this

function generates power, thermal and data storage profiles

based on the observatory <cguence for POI.

3.2.2.2 Subsvstem Control

The subsystem control functions are sam.lar in practice to

those for the science experimenter (section 3.2.1.1) with

twc exceptions. First, a mission science planniag function is not
included as this func%1on 1s pramarily science related.

second, a subsystem processor management function 1s

not included as 1t Lsiassumed that the syvstems use the flight

processor (OBC or comhand memory) for commandina purposes.
\
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3.2.3 OBC or Command Memory Management Functional Hierarchy

Il

Figure 3.2-4 summarizes ithe functional decomposition for

the OBC (or command memory) management subsystem. Thas
element 1s divided 1into three distinct functions: 1) mission
support, 2) subsystem contro! and 3) data acquasition and
utilization. Mission support 1includes support of the planning
and command generation and val;datloﬁ processes and generation
of commands for those instruments or subsystems utailizing

the OBC or'command memory. The control function involves
those activities required to generate sgquences unique

to this element and includes real-time operations to transmit

| selected sets of commands for anomalous conditions.
Data acquisition and utilization encompasses all downlink
data processing and analysis necessary to suppeort 1) the
control function, 2) rcal-time operations ard 3) post-pass

processing, analysis and data archival. The control

function 1s similar to the one for the power, thermal and
data storage subsystem (section 3.,2.2.2}. Variations unique
to OBC or command memory are addressed 1in the kierarchy

--—-chart. The remaining functions a¥e addressed in greater
detail below.

. 3.2.3.1 Mission Support

Mission support 1s decomposed into the following functions:

a. planning support
N b. command generation and validation support

¢. command generation.

Planning supnort provides i1nformation to suppcert planning

actavities for the POI. This information includes predicts

e —
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rclative to amount of memory available for POI and potential

timing constraints for memory usage. Command qencration and

valadation support provides a ﬁortlon of the I0S validaticn.
This function generates a memory map or 038C loading for

each uplaink within the POI and flags conflicts where
constraints are violated. This function also summarizes
avallable memory or OBC capacity following each upload in the
POI. The comnand generation function generates commandﬁ '
(from command mnemonics) for thos% sequences ut1i121ng the

- .

OBC or command memory.

3.2.3.2 Data Acguisition and Utilization

This fuanction 1s similar to the one {or the science
experimenter element (section 3.2.1.7) with the following

exceptions. A nost-nass function 1s 1included to update the
: memory map or OBC loading post-contact. Also, the data analysis

functaon 1i1s abbreviated to include trend analysis only.

3.2.4 Subsystem (Communications) Functional Hierarchy

' Figurec 3.2-5 summarizes the communications subsystem

functional breakdown. The communications element 1s divided

- - - into three-distinct functions: 1) subsystem mission support,
2) subsvstem control and 3) subsystem data acquisition and
utilization. Subsystem mission support involves support N
for the observatory planning and generation of observatory
command files. Subsystem contrel includes those activities
rcquirced tc gercrate subsystem unique sequences and includes
recal-time cperations to transmit selected, sets of commands
for anomalous situations. Subsyvstem data acquisaition and
utilization encompasses all downlank data processing and

analysis necessary to support 1) the communication subsystcm
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control function, 2) real-time operations and 3) data :
analysis. The control and data acguisition/utilization '
functions are samilar to those’prevjously described

(sections 3.2.2.2 and 3.2.1.2, respectavely). The mission

support function 1s summarized below.

3.2.4.1 Subsystem Mission Support

)

! .
Subsystem mission support 1nvolve§'the following functions:

a. planning support

b. support of command generation and wvalidation
c. command generation ‘

4. post-pass activities.

The planning and command generation and validation

support are samilar to those functions for power, thermal
‘ - and data storage subsystems (section 3.2.2.1). Variations

unique to the communications element are covered on the

hierarchy chart. The command géneratlon function 1s ------ - -

responsible for generating the upload packages for transmittal

to the observatory. The post-pass function updates the uplink
profiles (as generated by the command generaticn and
validation support functicon) based on actval real-time

commanding. i - -

3.2.5 Attitude Subsystem Functional Hierarchy

Figure 3.2-6 summarizes the functional decomposition for

the att:tude subsystem element. This element is leldgd

into three dastainct functions: 1) mission support, 2) attitude
subsystem control and 3) data acquisition and utilization.

The mission support involves support of the planning and
sequencing activities and includes support of the off-line

sequence developmcnt functions. Attitude subsystem
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control involves those activities required to generate
attitude system unique sequences and includes real-time
operations to transmit selected sets of commands for anomalous
situations. Data acquisition and utiiization is i1dentical

in form to the science experimenter function (section 3.2.1.2).
The details of data acquisition and utilizatior are shown

in I"igure 3.2-6 and are not repeated in the text. ‘
Mission support and attitude subsystém control are addressed

1n greater detail below. S

3.2.5.1 Massion Support

Mission support includes the following functions:

a. planning support
b. sequencing support ) ’
c. new sequence development sapport.
Planning support provides attitude predicts for the poI o
in support of planning and scheduling activities. These
predicts are used by all system elements for planning
purposes during the POI preparation.
The sequencing support functwion brov1des the capablilty
to design and schedule attitude maneuvers as requared by
science or orbit. This support supplies attitude profiles

as required during the sequence preparation activities.

New sequence developmenrt support 1s responsible for the .
supply of detail timing and pointing information to users
during their sequerce decvelopment. Tiis effort involves
specification of such 1i1tems as slew retes and durations

in order that dependent activities can be fully cocordinated.
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Science examination of targets of opgortunlty or steering
durang burns for orbit adjust are thus achieved.

3.2.5.2 Attitade Subsystem Control

The subsystem control functions are similar to those for
the science experimenter with two excentions. Fairst, a
mission science planning function 1s not included as the
attitude subsystem 1s a support function and not a mission
driver. Second, a subsystem processor management function
1s not included as 1t is assumed that the central OBC

or command memory 1is utilized. (Should this assumption
be false a function such as subsystem proéessor~management
w1ll be added.) '

3.2.6 Orbit Subsvstem Functional Hierarchv

Figure 3.2-7 summar:izes the functional decomposition for
the orbit subsystem element. This element 1s daivided

into three daistainct functions: 1) miassion support,

2) orbit subsystém control and 3) data acquisition and
utailization. Mission support involves support of the

. plann:ing ‘and sequencing activities and includes support

of the off-line sequence development functions. Orbit
subsystem control involves those activities reguired to
generate orbit unirue events and to modify sequences. Data
acquisition and ut_iization i1s identical in form to the
science experaimenter (section 3.2.1.2). The details of data
acquisition and utilization are shuwn on Figure 3.2-7

and are not repeated:ln the £ext. Mission support

and orbit subsystem tontrol are addressed 1n greater detail

below.
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3.2.6.1 Mission Support

®

Mission support ancludes the following functions:

a. planning support
b. sequencing support

c. new seguence development support.

I

b

S

Planning support provides orbit predicts for the POI

"in support of planning and scheduling activaities.

predicts are used by all system elements for planning

purposes dur:ing the POI preparation.

The sequencing support function provides thé cégagliit§

to desaign and schedule orbit chanaes as required by

mission specifications or actavities.

orbit profiles and associated data such as ground track

,as required during the sequence preparation activitias.

New sequence development support 1s responsible for the

supply of detail timing- and orbit information to users

during their sequence development.

This effort ainvolves

detail specification 1in order that dependent activities

can be fully coordinated. Science examlnatlon-of>tar§eté

These

This support supplies

of opportunity and coordination with attitude for steerang

duraing burns fcr orbit adjust are thus achieved.

3.2.6.2 Orbit Subsystem Control

The subsystem control function's are
1

the science e¢perimenter with three

a mission science planning function

as the orbit subsystem|i1s a support
|

similar to those for

exceptions. First,

1s not included

function and not a

1



mission dr.ver. Second, a subsystem._ processor management

function 1s not included as 1t 1s assumed that the cerntral '
OBC or command memory 1s utilized. Third, orbit

does not utilize in-house real-taime operations as tne

launch process will be managed through independent facalitaes

and, except for precanned shut down commands (whach are

generated under seguence package development), no real-time

operations during nominal mission activities are

anticipated. !

H

3.2.7 Mission Management Functional Hierarchy
I

Figure 3.2-6 summarizes the functional decomposition for o
the mission management element. This element 1s dividea -
into two dastinct functions: 1) observatory control and

2) ground operations control. The observatory control

function 1s responsible for integrating all user requirements

for commanding the observatory frcm concept:on of science

desires through final command packagZ“§§E§3£SEZSEZ*"Ehé_n__‘__“”"_"""
ground operat:ions control provides schedules, procedures

and constraints for performing all ground cperations.

N .

3.2.7.1 Observatory Control

Observatory control 1is divided into the following functions:

a. plannino
b. sequencing

c. comhand generation.

The planning function supports mission science planning
activities by generating long range schedules based upon

sciencce 1ﬂtegrat10? oI mission goals and objecrt:ves.

y .
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The function also coordinates the obscrvatory planning
activity by integrating user requests for major events
during the POI and conducting meet1ngs/reviews to resolve
conflicts between the users. The sequencing function
integrates all user sequencing requests thereby generating
the 10S. Conflict detection is performed relative to the
I0S. This function conducts the iteration process to
resolve conflicts and generate the 10S. The coﬁmand
generation function activates the suﬁsystem elements

to perform command generation and validation. Detected -
conflicts are reported to this function for subsaquent
resolution. .

3.2.7.2 Ground Opcrations Control

The ground operations control function 1S davaded as

follows: -

a. ground/space link schedule
b. around opccations schedule
¢. qround processing schedule
d. real-time operations requirements

¢. post-pass.

The ground/space link schedule specitaies TDRSS support
requarements and ceoordinates these requirements darectly
with the ground/space laink (TDRSS). This function

provides all inputs to TDRSS including observatory cphemeras
states for all contacts and transmitter froguencies as
appropriate. )

The ground operations schoedule function orovides ground/

personnel activisty schedules tor mectings, shitts, product




duc times, etc. The schedule produced provides the frame-
work by which all mission operationg are performed.

The ground processing schedule function schedules ground
events that are to occuy or to be controlled automatically.’
Examples include 1) cut-off points which dictate times

by which selected events are to be completed (1.e., command
file generation), 2) software programs to run at specaifaied
times and 3) transfeor of data between data bases based on

time. .

The real-time operataons function coordinates all real-time
cvents that are to occur during cach contact. This function
develops real-time procedures which schcdblc-apd-control - - -
.
real-time operations. These procedures may be genceral
. for many contacts or may contain events unigue to a specifac
pass (1.c¢., adaptive science uvlinks for a given contact).
The post-pass function actaivates -the-communication-system. - .. ..... -

to update protiles basced oa actual real-time operations.

3.2.8 Obscrvatory Monitor and Control Cunctional Hicrarchy

Figute 3.2-9 summarizes observatory monmater and control .
decomposition. Thas element 1s daivaided i1nto throo

distinct tunctions: 1) real-time observatory control, 2)

around control and 3) data acquaisitaicn and utalizataion,

The obscorvatory cootiol function mplements the real-tame

procedure to transmit cormand leads, nonitor the unlink
PLocess, cause safinag or adantive commands to be trans-
mittoed and meorpordate command roguests fr1om uscr in-housc
facilities during real-time nperatlons.’ The around control

function assures ogquiaent, sottware and personnel .
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availability to support real-time operations.

v

®

The data acquisition and utilizat:on function is divided

as follouws:

a. preparat:ion for real-time operations -

b. real-time and near-real-time suppcrt: real-time

data monitor and data collection/transfer

c. quick look trend analysas.

Preparation for real-time operations 1s responsible for
display format generation and for incorporation cf user

requirerments into the downlink processing events

(r.e., instrument/subsystem data conversion factors, alarm -

limits and adaptive vesponse limits). The real-time

data monitor funct:ion 1s responsible for displayaing the

data, checkina for pre-specified alarm or adaptive conditions

in the ata and monitorang all data as displayed. Thas
function coordinates downlink events with™ the instrument
or subsystem in-house operations 1n event of anomalies
or specxal observatory operations. The data collection

and transter function collects all incoming data, performs

data conversion, sorts the data and transfers the data to

other system elements per the real-time procedures.

The quick look trend aralysis function performs a quick-
look analysis of the displayed data and provides a post-
health and safety status of the cbsc.vatory and of the )

uplink and downlink precess.
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3.3 Key Features

The fnllowing subsections describe the key features cf the
1C4 system. These features provide underlying capabilities
which allow the system elements to perform the required
activities. Thesec key features are the outstandang
characteristics of the ICY system. The interactive useér
and the facilaities available to him, the sequences packages,
the adaptive update capabilities andé the user specifac

in-house real-time operations are as follows. ¢

]
3.3.1 1Interactive User

]
The 1ct system users have the capability to interact

darectly with other opecational elements of the system.

Users have the capability to independently develep instrument
or subsystem operational scenarios and then present the
control requirements necessary to achieve the desaired
activities to the system 1in the fg{@“gﬁﬂgequence.ggpaigggL_
The 1C* system combines the sequence packages into an IOS.
The user can interactively review and modify the I0S at

many points duraing the operations cycle. The user mayvy
direct the svstem to check neﬁly developed sequence nackages
against the IOS to detect conflicts or excessive use of
observatory capacxty.- The 1nteractive user has the
capabilaity to modafy, add or romove sequence packages at

any time from the init:al generation of an I0S through

the actual real-time uplink peraiod.

To achieve 'this interactive cawvability, the IC! systew

provides the following related services:

a. grapnic and textual displavs
b. information access
c. procedure access-.

// 40
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General purpose hardware/software subsystems provide these
services and enforce common interfaces between users.

These services are descraibed in the following paragraphs.

3.3.1.1 Displays .

The primary means of generating and presenting data within
the 1CY system 1s through graphic and textual displays
whaich are maintained by underlying cémputer systems. -+ -
Utailizaing CTRs (or equivalent devices), sequences of events,
schedules, command files and subsvstem data can be
displaved by all users. Each user has the capabllity

to gencrate new displays at the user interactive terminal
using kevboard for textual ainput and laight pens, joysticks
or Aigit:-ziny taklets (as appropriate) for graphical

input. Interictive display software and hardware allow

the users, both local and remote, to access and generate
displays whaich are maintained 1n standard interface formats.
Display access s provided via menu select:ion.. A user 777
selects first from a master menu and then from selective

menus until the desired information 1s obtained. The

technique used to obtain a display defining uplink schedules

1.3d the technique used to obtain a sequence package display

1s the same. leferent menus lead to different data sets,

but the cperation 1s i1dentical. Similarly, standard

development skeletons are available to users which provide

a common format for generating displays while allowing
each user to tailor the actual centent of the display

to his needs. (For a detailed example, refer to Section

3.32.2, Sequence Packages.)
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Each daisplay in the 1cd system 1s stored in a standard
format chereby allowing every user to view all internal
1c4 dsta. The capability to partiticn a display into
totally airdependent areas (:i.e., defing "windows") 1s
provided such that a user may display information from
several ci1fferent data sources saimultaneously. An example

of the use of this interactive capabarlity arises durang
interscience coordination. When several science users
located at remote sites wish to develop a joint experament,
they each display portions of the others' sequénce packages
on their terminal while communicating via a voice network.
Utilaizaing a light pen to highlignt specific i1tems of interest
or move tamelines about on the display, they aenerate a

coordinated plan.

3.3.1.2 Information Access | o e - -

The 1C* system allows all users to access.system-wade

1 .
Jdata. By maintaining data in a standard interface format
and orienti.,g this toarmat toward the interactive user,

ommo 1 access 1s proviacd. Each user develops.several ... . .

G

1fferent types of data during the operations cvcle; 1.e.,

o

aquence packages, telemetry data display packages (provaiding

7

information such as conversion factors) and parameter packets
(for adaptive use 1n real-time commanding). Additional
oxamples of ‘system data are the I0S, command packages and
irdexes and real-time procedures. The 1cH system allows

cach use:r to access the various data for display and to

medify eor reoelace the content of user data packages.

3.3.1.3° Drocedure \¢cess

' [y

The 1C? svster provides: various develovmental ard validation
pracedures. Included ith these are the cagabilities to
corbine 1ndiviaidual useor, seauences inhto an 1ntocrated

|
!
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sequence and to validate the combined sequence. (See
Section 3.4 Operational Activity Threads). The individual
users have the capability to modify the observatory sequence
and to traigger appropriate validation procedures. Thus,

a user may produce a potential sequence, request selective
or complete validation (as necessary) and determine the
implications of this potential modification without disrupting
the normal overall flow of events. The ICY system 1s
capable of recognizing a potential change wt 1ch has
successfully met all acceptance criteria (via validation -
procedures) ' and incorporating the new sequence upon user

request.

3.3.2 Seagquence Packages - - - _—

The standard method of defining observatory requirements
and activitices 1s via sequence packages. A seguence package
contains i1nformation in two forms: graphical and tabular.

The graphical rcpresentation 1s used_in_ _the_design of a

new activity profile for an experiment or subsvstem and
in the 1llustration of desired or actual activaities or
okservatory events (Figure 3.3-1). The tabular data ais
used to communicate detailed instructions fxrom the user
to (ultimately) che observatory (Flgure 3.3-2). Seaquence
packages are generated using standard interactave termainals
which provide the supporc required. The user inter-active
terminal with support soitware provides skeletons for
sequence packages, standard stcrage technigues and standard
1nterfaces. Lach user specifies the detail content of
a sequence package withan the contines of the skeleton

t

to match the needs of the experiment or subsystem.
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A sequence package is the total and oni;, descraiption of

an or.-board activicy performed by an =x.ueriment or subsystem.
All control over the observatory resalts from utilizaticn
of data contained in the sequence packages. Each sequence
package 1s a self contained i1tem which defines a unique
activaity. Thus, 1f an exverimenter has several experaments
to run during a POI, chere 1s a corresponding number of ‘
sequence packages. Saimilarly, 1f tHg same experiment 1is

to run several times within a POI, therc are several
sequence p. Tkages each containing the time associated with
the reoccurance of the experaiment.

The 1c? system 1s designed such that mission management
calls :tor specific inputs to the operational cycle at
various tlmeé. The users comply by supplying seguence
packages. This activity 1s done via machine-to-machine

{(or data base-to-data base) interaction with apprcepriate

checks made by the mission managemet software.

A user develops seaquence packages off~-line from thé dayv~

to-day operational actavities. In fact, for many actavities,
seguence nackages dare déveloped before the observatory is
launched. A predefined sequence package can then be selected
by the user durang the P&S cycle ana the actual start times -
inserted to define placement within the POI and to replace

the relative times used during sequence nackage development.

Figure 3.3-1 1llustrates the graphic ccnterts of a typlcai
sequenc2 nackage as 1t would be viewed ¢n a user interactive
termiral. The caoability to present selectively any portion
of the seuuence wackage allows more information (graphic

or tobular) to be held i1n a seaguence package than can be

displaved at ore “ime. Thus, while generating a new

. 47
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'the user may enter the tabular data and have the graphic

v

sequence, each line of the graphic may be developed while

showing only other relevant data. Saimilarly, portions of y
mission support information (Figure-3.3-3) may be displayed

while developing, modifying or comparing sequences. The

graphic displays are developed using a light pen, joystick

and/or digitizing tablet and kevboard suprorted by software

which presents features of a sequence which the user selects,
modifies or moves about to complete each portion of the

mrwcture. Additionally, software is provided to take tabular

data (Part II of a sequence package) and generate equivalent .
graphics or vice versa. For a standard item such as an .
instrument or subsystem power profile, the user may

draw the graphic which then generates the tabular data, or
support package draw the picture. — S

Standard designators are used by all sequence package
generators such that the integrating software may detect
conflicts. Tor example, in Figure 3.3-1 under the exclusive

profile, graphic "X" might be an_ indicator that this__ _ ———

experiment cannot execute while experiment "X" 1s active.
Similarly, 'Y" might indicate that there is a reguirement
for the entire observatory to be pointed at specific targets
during the indicated time perlod;. Mote that in a pointing
saituation, the design process 1s supported by the attitude
control subsystem tc generate required attitude profiles

and Dy mission management to assure inter-science coordination.

=)

he attitude control subsystem and tue experimenter may transfer

re
[

0

pointing portin: of their sequence packages back and forth

a3

etween themselves wh:ile generating the desired attitude

profile. The attitude control subsystem seguence package

and tne experiment secucnce pacxkage are, in this way,
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developed in parallel. Support functions such as attitude,
orbit or communications will, in addition, develop long

range projections within the sequence package format.
]

The user has the capabilaty to modify or combine existing
sequences. Therefore, 1f an experimenter has already

developed a basic sequence, he will modify that seguence

to produce a sequence package for a special situation.

The graphic and tabular data associated with the basac . .
sequence are modified and the new sequence package ’
generated by adding, deleting or modifying 1tems. Thus, as

the mission matures, the sequence generation process

becomes one of sclecting the seaquence most closely resembling
that desired and modifying as requared.

t
1

The tabular data given in Part II of a sequerncce package-ls
used by support subsvstoms to determaine power, thermal, data
! storage, data transmaission and command requirements. Each
user fi1lls in the appropriate values while desagning or
modirfyving a sequence. The sequence development support
softwarc prompts the user tc £111 in each ifem of the 7 T
tabular data which is not directly obtainable from a graphic.
Using the prompting technique, the completeness of a seaquence
vackage 1s determined. For example, 1f a previously
developed scauence package is being modified, the user must
veri1fy each tabular item via interaction with the secuence -
develepment software before the new scquence package i1tem

.s marhed "complete

The bottom graphic on FLgurc‘3.3—l shows thc total tinme
line of an ex—zeriment f£rom upload of the commands to receipt
of data. Tris graphic }and supporting tabular data) defines
critical timos for ecachjactavity within a POI. If, Zor

eaa~rle, the hardware for an ecxperiment i1s cdesigned such

thar 1t car only ewocutF in one manrcr, there would
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be one basic scquence package required duraing the entare
mission, except possibly for the selection of redundant
components. The experimenter presents the same seauence
package every tame he wishes to be active and only changes
the times associated with the experiment for the appropraate
POI.

The uscer has the capability to designate a2 sequence package
as a potential coquencd (as compaxgd Lo a package which N
1s being utilized an the nomainal POI J;thltlyS by mission ..
managemont!. This potential sequence may be submitted to
the validation software to determine 1f 1t 1s an acceptable
Substitute for an existing package or addition to a POI.
If all validation shows the potential écquence package
’.accuptablc, the user may update the actual IOS with the
potbntlal soguence vachkaae to produce 1 new obscervatory
sequence. The IcH system allows only ore uscr to update
the IOS at a time. Regquests to moditvy the IOS are accommodated

on a vriority or first-come~first-serve hasis as mission

requiitements specify. The ICY system notiiics all active
users when an I0S update 1s 1n progress.  Alternativels,
the potential scquence package nay be an adaptive sequence
which 1s tracsmittoed only under Jddaptiv situations.

v

The scquence package 1s used 1n the folloving situations.
d.  Long~-ranae planning:
1. Iliustiate obscervatery around tirack or other missaon
unicue rtems o) interest such as star rfaclds and
solar disks viewapiliaty
2. Detie long rtange predictions for conditions such
as vowel and theimal .

3. show uitiwotr obscesvatory ovents

'
f
e e e e ST LAY ot . e ot o s
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b. Plan

.

1
2.
3
4

[6,]

ning and scheduling:

Define the POI

Illustrate observatory ground track

Show power and thermal prolections - -
Show communications windows -

Show experament and subsystem events

Provide data which 1s uscd to determine conflicts
and gross capacaty overloads.

1

}
»

¢. Command gencration and validatioh: - .

1.

3.3.3 Adantive Update Capabality

Provide all data necessary to validate the
integrated obscervatory sequence

Provide all data nececssary éo produce 1integrated
command loads, on-board storage plans, OBC (or

command memory) management and downlaink plans.

Adaptive updates are modifications made to the on-going

ubsary at

ory cvents or to the planned observatory sequences

and command loads. Adaptave updates may be inceiporated

into the

or they

_real-taime data duraing actual contact wath the observatory.

For the

IOS or command loads prior to cuommand transm.csion,

may be command sots transmitted 1n response to N

fi1rst case, the I0S 1s routinely planred and

quenerated and command loads are prepaved. During this

Drocess,

acwnlink data analysis mav cause a scaence -

oxporimenter or subsystem to require a change to the pranned

108 or cormand loads. The 1CY svstem allows for adaptive

undates

to be ancorvorated into the 105 and command loadse

generated and validated accordingly. In the latter case,

teal-time dowrlink data man CaAuse a4 sC1ence exrerinenter ol

subsystem te > ceguire an update te the on-geirg obscryators

~— e
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sequenc2 and commands to be uplinked durang that contact. -
The 1c* system allows for precanned' commands to be trans-

mitted to affect the requirad updagé. '

The types of adaptaive updates accommodated by the Icd

system are sunmarized by Table 3.3-1. Sequence modafications

are made to the I0S and have the potential tor impacting

any observatory event. Paramcter only modifications have -

little or no wmpact to other observatory cvents. Parameter

only updates are made to the I0S or may be incorvorated -

after command files are generated. A parameter change

update 1s a change to a paramete:r sequence that 1s currently
scheduled i1n the I0S. Parameter change uvdates have no
impact to any observatory events. A parameter romove
update involves deleting a parametoer soqdcncE-EHSf 15 '
currently scheduled 1n the 10S. Paramcter reomove updates
may wmpact the 0BC (or command memory) 1f the commands
reside 1n the 0OBC (or command memoryv). However, the change

requires only the replacement of the command with a no- -

operation code 1n the command load and 1s considered a
mininum chanae. A\ parameter add update invelves addition
of a paraseter seauence to the I0S. Parameter add uedates
may wmpacs the OBC (or command memory) 1Y the commands
reside 1n the OBC {(or command memory) and not the instru-
nent/subsystem processor.  Also, since addltloﬁnl commands
are to be uvlinked, 1t 1S necesscory to verirfy that uplaink -
capacity exists (1.c¢., the total number of commands to be

trarsmitted dees not exceed time avairlable to transeit

Precannea commands are generated orior to a cortact and
are avar:able for transmi<sicn during real-time operations.
A1 orecar ned commaﬁds arc to be transmitted witnin the
avarioble uelink cavacatr . Procanned daptive cormands
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are sequence modifications that potentially impact observatcry
events. The commands are gecnerated prior to a contact

and are validated by the P&S and CG&V processes. Precanred
adaptive commands are valiadated for all possible contacts

that they are considered for transmission. Precanned
parameter updates are trecated as parameter additions and - ~
may be transmitted at any time provided uplink capacaty

and OBC (or command memory) cap~city exist. Precanned health
and safety commands are transmrtted in event of instrument

or subsystem anomalies.

Figure 3.3-4 provides an overview of the adaptive update
capabilities provided by the IC4 system. The major events
to generate the I0S, generate and validate command loads
and transmit the commands are shown 1n the order in which
they occur operationally. The dashed lines indicate that-
the events arc not conducted consecutively and that some
period of time exists between them. Cut-coff po.nts are
identified which are used to define update capabilities up
to the specific point in time.

Once the IOS 1s qenératcd, 1t 1s available for some berlod

of taime prier to starting the CGsV process {cut-off poant

1). During this interval, each user may modify the IOS

for any type of adaptave update. The user has the capability
to disprlay the current I0OS at the uscr interactive teorminal.,
Using the IOS as a baseline, the user 1inputs I0S update .
requests (e¢.g., add, delete, reschedule instrument/subsystem
sequences). The user 1s restriacted from altering seguences

of otler instruments/subsvstems. The user has the capabilaty
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to activate the IOS generation softwarce from the interactave
terminal using the input update requests thereby generating

a potential I10S. If no conflicts occur, the user requests

that the potential IOS become the current 105. If conflicts
occur, the IC4 svstem does not allow the user to update the
I0S. 1In a conflict condition, the user must ed.t the new
inputs or coordarate with other users in order to affect
modifications to remove the ccnilizts. The Ict syslém provides -
displavs which i1niorm the user of the taime available prior to
the CG&V process. If time runs out, the user 1s restricted
from generating a new current IOS until CG&V has been completed

for the contact of intcrest,. - i it

After the CGsV process has been performed tor a selected
contact, -the command loads are ava:rlable for a‘tlme period
prior to the contact (cut-off peant 2). If safficient
time ox1sts to ma~e the charge, .the_user-has..tho_capabalaty——————-- -
to modify the appropriate portinon of the IOS and re-perform

the CGCaV process or to make parameter only modafications

via CG&V. To modify the I0S, }he user has the same .
capabil:ities as defined above. However, since CGSV has

been performed, the votential I0S does not become current -
until CGaV has been repeated. Once the I0S 1s conflict

free, the user acscivates <GV vroviding the potential .

I0S as input, If no conflicts occur, the user 1s allowed

to uvgrade the potential 10§ to current. However, 1f

conflicts occur, 1t 13 the user's responsibility to make

changes accoerdinagly.  The ict svstem 11forms the user '

-y

of the fi1me available prior to cut-off voint 2. Ir the cut-

T,

of: point 19 oaceeded, the user :s restricted from making

~ Gk e e e e
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the I0S modifications and 1is limited to parameter only

updates.

Prior to the command windcw, the user may elect to make -
parameter only modifications provided sufficient tame exists

to implement the change {cut-off point 3). The user has ) T
the capability to interactively 1input the requests to hdd,

remove or change parameters. The user then activates a

portion of the CG&V process (refer to Section 3.4.3) 1n order

to update the specific command load. If time runs out,

the 1c? system restricts the user from updating the command

loads.

During the contact, the user has the capability to select
precanned adaptive command loads from a list of commands.
Each precanned load i1s 1identified relative to the contact-----
for whaicn 1t can b2 transmitted. For the case of pre-

canned adaptive commands, the commands may be validated

for transmission duraing only one contact. For precanned
parameter only commands, the loads may be transmatted

dur.ng anv contact. Precanned commands, as interactively’ -
selected by the user, are transmitted within the availabie

command window {cut-off point 41).

3.3.4 In-tiouse Real-Time Owecrations

The 1¢? system prov:ides all users the capability to directly
perform selected real-time functions within the physaical
confines of the user in-house facility. The user's in-
house facility ma: be either at a physically remote site

or the sawme physical locatior as the local operat:ons. .
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Identical in-house capabilities are available to each user

where these capabilities involve real-time monitoring of

data and real-time ainstrument or subsystem control. However,

i1t should be noted that selected users may not have a specifac
requirement to conduct real-time functions (monitor, control N
or both) from their in-house fa0111ty; The functional

hierarchy charts pfesented in Section 3.2 identify the

in-house real-time responsibilities for specific users. The

real-time operations activity threads of Section 3.4.4

describe the operaticonal techniques.

§

To perform the in-house real-time operations, the user
interactive terminal 1s emploved in a manner which allows
the user to interface with the local real-time operations
functions. Continuous voice communications during a contact

exi1st between the in-house user (at the interactive terminal)

science i1nstrument/subsystem status or special observatory

activataies.

The user has the capability to select any or all of the
raw 1nstruﬁent/subsystém data as the datd i1s available

to the local operations functicns. The user may select
real-time and/or recordgd observatory data. Prior to or
during a contact, the user has the capabality to input

the regquised deta options (c.g. instrument data selections
ard measurement IDs) to local overations. The recuests
are input via man-machane interactions with the user in-
housc termninal. As tbe data 1s received at the lcocal

operations Iacility, the roquested user data 1s stripped

i
!
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out and passed to the user in-house facility. It is the
user's responsibility to convert and process the raw data
for possible display and analys:s. The capability exists
to restract the user from selecting any aata pre-defined

as sensative.

The user has the capability to select'ana display any of ,the
local operations standard real-time data displays. Display
reguests are lﬁput to the interactive terminal via key-
béar& entry or menu seiect. The user sees the displays as
the locel operations perscnnel do. Thls'ls the standard .

o

/1in-house monitoring rode and the user 1s not required to

process raw data or generate additional displavs.

The user has the capability to select for transmission

precanned comrand loads that have been validated for a

speciiic uplink or for multiple uplinks. Precanned

command loads include:

health and safety ccmmands ‘in event of aromalies
adactive science Seguence cormands

S. pdarameter only modifications

The user selects the desired command load from a menu.

Upon user request (via terminal entry) the selection 1is

passed to lccal operations for implemcntation. During -
real-time operations, either the uscr in-house overations

or the local orerations have the capapilit; to select the

command loads but not poth. However, local operations

arc alwavs respoonsible for the routinel: planned commarding

and have the capabiglty to override or ignore the in-house

user 1n event of anoralies.
i
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3.4 Operataional Actlvigy Threads

.

chtlon'3.l.2 of this document provides an overview of

the 1ci operational activities and defines four major

command and control areas: long range plar.ning, vlanning

and scheduling, command generation and validation and -
real-time operations. Activity flows. of each of these
areas are provided below. Tne actlzlﬁy threads define the
inter-relationships betweon the IC4‘§;stem elements,
1llustrate the manner in which the system key fedtures

are utilized and provide the order and tameliness ain which
the operations are performed. It should be noticed that
downlink data analysis 1s not included in the activaty
threads as it 1is not considered a command and control

function.

3.4.1 Long Range'PlannlnggAcL1v1t1es

Long range planning (LRP) provides the "big picture" or

synopsis of observatory operations. Long-range plans and
objectives typically address major mission even:ts such

as lawnch dates, science interactions between mission
observatorias and rajor spacecraft/science instrument

events which significantly impact observatocry operations ’

ftor soma extended veriod of time. Depending upon mission

needs, requirements and complexities, LRP covers varying -

durations from the entire length of the mission to a t:ime
period greater thar the P&S POI. T[or some missions 1t may
be necessary to oserform LRP on a regularly schneduled basis'
dur to the comrlexity of spacecraft and scicnce instrumert
Jperations;: vhereas Zcor other missions LRP 1s nerforimea
srimar:l * oDrio- te launch with infrequent undates during

rMissl1on on2rations.

61
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LRP 1s a manual operation, whereby-science and project
representatives meet to address mission requirements.
Consequently, LRP 1s not consadered a draving factor to
the command and control system and 1s not presented in
greater detail in thas documert.

3.4.2 Planning and Scheduling (P&S)

3.4.2.1 Planning and Scheduling for a Period of Interest

{PO1)

! 4

Figure 3.4-1 summarizes the P&S activity thread. The
|

detarlind 'actyrr itr2e 2and cavabilitics are as follows:

!

a. Generate projection data to support POI P&S-- Initral™ ~ ~~ "~ 77 7

condicions are available to start the P&S process.
These include: the LRP, the I0S from previous POIs,
any known event carried over from the previous POI

and the TDRSS schedule. The TDRSS schedule covers a

¢

- [

at

time period greater than the POIL-and is—fanalized by the

time actual planning begins forvthe POI. The TDRSSE
schedule 1s genrnerated off-line to the normal P&S
operations. Minor perturbations may arise during
P&S, but the TDRSS schedule is coordinated in advance
anc¢ available for P&S of the current POI.

Each of tne subsystems generates pro-ection data

for the POI using as input tne pre—ious POI and
projecting forward. The suwosystem data to be available
include power and thermal wrofiles, uplink capacity
for each contact (number of co~mands that car be

transmitcted), downiink capacity (gross downlink data

estaimates), prelimi~ary data storage management
stretec, ard attitade and ordat mradicts.  alsce,
‘ 62
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mission management provides mission unique data for .
reference (c¢.g. star fields as function of attitude/
orbait, orbit day and night and South Atlantic Anomaly
times). The projection data are available for access

by all users. .

Users access data to determine POI requirements -

Lach of the users accesses the projoction data (via
user interactive terminals) to aid' in detzrmining ) i
1nd1v1du?1 POI requircments. Standardized data displays :

containing the projection data are available.

Planning mcating - The purpose of theé planning

meeting 1s to establish major goals and objectives T oo -
for the POI and to schcdule observatory events that may

cause major conflicts or perturbations on the obserratory

or the ground.. Mission management 1s responsﬁble for

organizing and running the meeting.

f . — ———————

The users attend the meeting ain person or "attend” from
the usacr interactaive terminals emploving voice communi-
catiors. Remote users input requirements and display .

otner user reguirements via interactive terminals.

Miscion management and all usecrs have the capability - -
to interactively build timeline displays for use during
the meeting. The output of the planning meetairg 1s
summarized by mission management and is available for
disolay to all users.

Usars access data to acaerate scauence reqguests/oackaces -

Each uscr ogenerates indavadual scgueonce package reguests
consistent with the planning mecting agreemercs. Those -

requests schedule the user sequences for the POI.  The

{

i
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data from each user are available for automatic access

by mission management. {

e. Mission management generates intearated observatory

sequence - Mission management automatically accesses the

user sequence requests/packages and combines the data

into the I0S. The outputs of this function are the

preliminary IOS and associated cdpfl:ct summaries. The

mission management s (tware checké for major conflicts :
between observatory events and compliance with uplank .

and downlinn capacities. :

b

. Coorgdiration session - A coordination session 1s

held to review the IOS and resolve conflicts. Mission
mAanagemait 15 responsible for ordanizing and running

the session.

The users attend the meeting in person or "attend”

from the remote user interactive terminals employing
voice communications. The uscrs have the capability
to display the preliminary IOS and conflict summary.
The users modify their origainal inputs per the cocrdination
sess1or, and mi1ssion management re-runs the I0S generation

software.

The outout of the coordinaticn session 1s the conflict
irce I0S. With the I0S as input, mission management
activates the command gencration and validation process.

3.4.2.2 Jser Uodate Capability to Obscrvatorv Sequence

Once the 105 1s cencrated, tne capab:lity exists for tne

users to adaptively upndate the sequences as descraibed 1in




Section 3.3.3. This process 1s conducted by the user from
the user interactive terminal. Figure 3.4-2 summarizes the
process whereby the user modifies the 105. The detailed

activities are as follows:

a. User accaess observatorv sequencé@€s < From analysis

of received chservatory data, the user derives a
requirement to change the originally generated and
coorainated I0S. The user displays the I0S to determine

the necessary instrument or subsystem changes. -

b. User i1nrovuts requests to add, remove, reschedule

scquences - The user has the capability to reschedule,
add and delete any user unique sequences and to actavate
the mission management software to geﬁcrate ;Vbogentlai )
I0OS based on the 1nputs. This activity is performed
from the user interactive tecrminal.

C. Conilaicis - If conflicts occur in the wotential

I0S, the maission management function notifies the user

with a display~d message and restricts the user from
continuing. If no conflictis are detected by the mission

managemrent function, step d 1s performed.

e

d. Comma~d aeneratior and validation started check -

The user reguests a status of CGSV to determine 1f the
CG&V has started for any contact in the POI or if CGSV
has started for the »porticn of the 10S affected bv the

nroposed updates.

] A3
cr ro-cfuests 1mnlentation ot seguence vipdate -

[F}
[y
n

I CGsV has not Started, the user reoauests that the

Jot2 sl 105 ue‘”adu the cur.ent 0S5, TFor (n:is casce,

the usor hes Todpf-:d the I0S on a success oriertod
s1s without iriolvement of missior management or

.- {
other i1astrumert/sans\y sten pchOPWOl

66




USER ACCESS REGUESTS TS, HAS
OBSERVATORY ADD, REMOVE. CONFLICTS {0 CMD. GEN
SEQUENCES 3 & VAL
REQMT. RESCHEDULE STARTED
REQMT SEQUENCES _
MODIFY :
SEQS. N
I ) Y
( NOTIFY USER w
CHANGES NOT POSSIBLE J [, o .

TIME
AVAILABLE
BEFORE
U/L
? |

NOTIFY USER
CHANGES NOT POSSIB

FIGURE 3.4-2. USER UPDATE CAPABILITY 10 OBSER

&

- £OLDOUT FRAME |

eSS

g TS~
'
o

67
h . :

N

2 Ky - 1 ) ~

_ - 1 - - P i RTINS e . O

At b Pomim s s S Rt fy e mAT AT r.a.:dq-&.—‘_;ml&__ﬂ_ﬁ -2, L. L A -
———— -

B - 1 2
J T T - - et
s~ r t -
‘ r,t \
7 ‘



HAS
CMD. GEN
£ VAL

\QRTED
?

YES

-/

TIME
AVAILABLE
BEFORE

\U/L

21

IOTIFY USER

ES NOT POSSIBLE >

USER REQUESTS
IMPLEMENTATION
OF SEQUENCE |
UPDATE

ACTIVATE
CMD. GEN
¢ VALIDATE

e Do Not Rerun
Entire P.O.I,,
Start at Time
of First Effect

"UPDATED"

INTEGRATED
OBSEFRVATORY
SEQUELNCE

CONFLICTS

USER REQUESTS
IMPLEMENTATION
OF SEQ. UPDATH
&€ NEW CGC ¢ V
PRODUCTS

of New
Sequence

<CHANGES NOT POSSIBLE

NOTIFY USER

)

LITY TO OBSERVATORY SLEQUENCES

FOLDOUT FRAME o



<s

3.4.3 Command Generation and Validation

Time available before uplink check - If CG&V has

started or been completed for thne cJ%tact in guestion,
the user requests status relative to time available
to update the I0S (refer to Section 3.3.3). If time -
1s not available, the mission management function r1cstricts
the user from continuing and the user .-eceives a displayed
message. - .
! ’ ) -
Activate command aeneration and validation - 1f )
time 1s available, the user activates the CC&V process

using the potential IOS as input.

.

Conflict check - If conflicts are detected, the

mission management function notifies the user with
a displayed message and restricts the user from

continuing.

Uscr reguests implemertation of sequence update
and necw CGsV products - If no con:l1Cts O&CUY, the user”

requests that the potential I0S and new CG&V products

be made the current products.

3.4.3.1 CG&V _for a POI

The

CG&V =rocess 1s a fully automated activity waich 1is
. y Y

shown ir Figqure 3.4-3 and 3.4-4.

a.

- . \
Ini1t13t10n 0f CGsV > An I0S 1s presented to the
1

CGaV urocess after having completed the P&S activaty.
The I0S contains secuence packages from all 1ct clements

which are active duFlng the ti1me period to be validated.
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The time period over which the I0S 1s to be validated :

1s given as an input to the CG&Q inaitiation. Under -
normal cycle actavities the period 1s identical to the -
PO1. It 1s possible, however, tc run the CG&v process’
for other periods. A potential sequence modification
may be presented to the CG&V process for validation.

In thas case, the period may" be sherter. than a 'POI,

as some of the POI may be before any effec: of the

modification or may have already transpaired. :

Adéitionally, heélth and sefety or.adaptiave sequence
packages may be presented to the CG&V process to be
validated against an existaing IOS. Tnen, shculd the
need arise, the secuences are avallable as prepackaged

uplcad segments. - -l

- - t
Mission management softwar?lschedules and controls
the activities of the CG&V. Where several activities— =~~~ -~-" """ """~ "7
are shown to run in parallel {(1i.e., power, thermal and
on-board data storage analysis progrzms), the actucal
execution adepends upon the physical configuration.
If all programs run 1n the same small computer, then
they are run sechentlall/. If all;éféérams run in a
large computer, they are started at once and the
operitirg syscem multiplexes betwveen thew. 1f any
program 1s executed i1n a computer other than the mission
management comouter, *hen the mission management soft-

wdaro 1s able to 1niviace the evecution as well as

transfer the noecessarv 1nformation to and from the '
romote computer.
PowCr FoZuLramsSnts @il 51s - The pouwer regulremn2nts

analysis program 1s avtomatically :invo¥ed at the inatiat:or
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of CG&V unless specifically commanded otherwise. This
program combines all power consumption values from the
sequence packages to produce & required power ﬁroflle
for the observatory. Utilizing attatude and orbat

information contained ain the attitude and orbit subsystem.

sequences 1f necessary for solar panel output analysas,
the program determines i1f enough power is avaitable
throughout the POI. -

‘
3

4
Pcwer control - The power contrecl program generates

any power sutbsystem commands necessary to produce an
acceptable power profile. Such i1tems as battery charging
commands and shunt resister selections are generated

at this time.

Profiie check - If an acceptable power profile

cannot be generated. a message 1S sent to the mission
management software to be forwarded to the originator
of the CG&V run. (The originacor 1s mi§sion managem2nt .
for normal cycle actavities.) The power subsystem
sejuence package 1is marked incomplete and- the CG&V
process 1S not allowed to continue to further stages.
If this 1s a test of a potential new sequence, note
that this failure does not effect the on-going POI.
Included 1n the notification of an unacceptable power
profile 1s the required power profile with the time
period(s) of over capacity highlaghted.

Secuence incorporation - When an acceptable power

prcfile 1s achieved, the actual profile i1s logged into
the system {as either actuai or potential) and a
projection 1s updated for future POIs. The power
subsvstem sequence package which was received with the

I0S - which may have been null except for the projected

-2
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. power profile - 1s updated to reflect the actual ﬁrofxlc
and any commanding necessary (g.c., commands, time of-
exccution and uplink requirements). The updated powver
subsystom sequence package 1s now part of the IOSi‘.

£. Therimal rogquirements analysis = The thermal recuirements

analysis progruam 1s automatically inaitiated in parallel
to the power programs (step b abovel. :Thls program.
combines all thermal load values from the sequence .
packag>s to produce a regquared thornnl‘proflle for the‘
observatory. Utilaizing orbit and attitude i1nformation
contained in the orbit and attitude subsyst:m sequence
packages to determine *hermal loading values, the
proqram determines 1f an acceptable thermal-profile -
can be achieved throughout the POI.'

q. Thermal contrel - The thermal control vrogram generates
any thermal subsystem commands necessary to produce

an acceptabie thermal profile. —-Such-1tems--as—louver ---
contro! commands and heter cycling commands are generated

at thas taimwe.

h. Protile check = JT£ an acceptable thermal profail:

cannot be generated, a messaqe 1s sent to the mission
nanagement software to be {orwarded to the originator
of the CGaVv run, (The originator 1s mission management
for normal cycle activities.) The thermal subsystem
soquence packaage 1s matrhed 1ncomplete and the CGav
Process 1s not allowed to continue to turther stiacs.
Included 1n the notification ot an unacceptable thermal
prtotile 1s the tequired thermal vrotfile wath the tame
perad(s) ot o\$rcapac1ty h;thxghtéd.

!
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Saegquence ancorporation - When an acceptable thermal

profile 1s achieved, the actual profile 1s logged ainto
the system (as cither actual or potential) and a
The thermal

subsys+-am scquence package which was reccaved waith the

projection-1s updated for future POIs.

I0S - which may have been null except for the projected
thermal profile - 1s updated to reflect the actual

The updated
thermal subsystem sequonce package i1s now part PE the

10S. .
i

protfile and any commandinag necessary.

On-board data storage analyvsis - The on-board data

storage analysis program is automaticallv initiated
in parallel to the power and thormai programs {steps b
and £ This

for data storaqe 1in

above) . program combines ail requirements

the common on-board storage (1i.e.,

tape or bubble data storage device(s)) from the sequenc

packages to produce a required commen data storage

(o4

profile for the observatory. . The:wrogram_determines—..... . .

the amount of data beang store< and the times at which

data 1s to be stored.

»

Storaae control - The storage and playback planning

software generatcs a storage mav and playback plan. -
Events from prior POls are carried forward by the
1s performed

planning software. If storage control

on-board the observatory, this program duplicates the
on-board technigue. The proaram develops a plavback
plan  which takes into account the data receipt time
requirements ain the sequence packages. This program

causes the data storaan management sequence package to

retlect the requared dowdank timang for all data
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stored on-board. An index 1s generated which coordinates
the originating users® sequence package to the downlink
periods. The commands utilized to control storage
management and playback are generated by this program.,

Profile check - If an acceptable on-board data

storage protile cannot be generated, a message 1s sent
to the mission management software to be forwarded
to the orxgznntor‘of the CG&V run. (The originator
1S mission management for normal cycle activities.) )
The on-board data storage management sequence package
1s marked incomplcete and the CG&V process 1s not allowed
. to continuc to turther stages. Included in the
notification of an unacceptable storage profile i1s the
regquired storige profile with the arcas of conrl:ict
or overcapacity highlighted. The profiaile may be
anacceptable because of too much data, multiple users
exceoding the data acceptance tate of the storage
device or an unachievable data receipt time.,  Except
for the gross eoxcess data problem (which normally would
be detected during Pas) most problems can be corrected
by moving scquences slightly or telieving a too-soon
data receipt roegquirement.

Sequonce ncotporation - When an acceptable on-board

data storage profile 1s achiceved, the actual profile

1s logqaed onto the system (as actual or potential) and

a projection for carry-over use itnto the nest POI 1s
generated. The data storage management soquence packaae
which was received with the 108 - which may have contained
only those 1tems carried over from the provious POI -~ o1s
updated to retlect the actual profile and the commands
necessary to achieve storage managomeat and playback.

{The plavback commands mav be for an-beard use, ground
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real-time use or a combination depending upon the

The updated data
storage manaqgement sequence ﬁ&ckdge is now part of the
10S.

mission and observatory design.)

3.4.3.2 CG&V for a Command Per.od

a. Tnitiation of CGaV - At this voint in the CGsV

-

process, the 10S contains all information necessary

to generate uplank and downlinl- schedules. Thas

"U/L - D/L" trigger point i1s a mid-term holding point,
The CG&V process may automatically containue from here
to generate the communicaivions plan for the catire

POI or may be triagered periodically throughout the POI
to generate communications events for a~ subpelriod such
as a day or some number of orbats. The choice as to
which technique to use 1s missaion unigque and controlled
by mission management. (The CG8V process may be

continued to valadate a full POl as-a potential to

detect any .ncompatabirlities and then-returned to the - --- -
"U,L - D/L" trigaer voint for incremental execution

to allow late changes to occur during the PCI.)

b. Downlink analysis - The downlink anaivsis proaram

by

(a support function of the communications subsy stoem)

1s 1nitaated when a communications plan 1s requared.

The proaram 1s given a time period over which to operate
which may be the entaire POI or a subset of the POI.

The downlink analvsis combines the recorded playback
requirements from the data storage management segusnce
package, reécorded plavback requirements from experaiment
cortrolled storage devices, memory dump regquirements

‘I
from OBC (or command memory) sequence package and any

|
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d.

real-time downlink requirements from all sources.
This program generates an integrated, detail
observatory required downlink profile.

Downlink plan - The downlink planning software,

using the knowledge of the downlank windows contalrned
an the communications subsystem sequence package, first
fits uniquely specified downlink regquirements into the
specified windows. Next,

downlink opportunities and a total downlink plan s

all downlinks are fit into
produced. The downlink plan includes an index which
relates user sequence packages to selected downlink

windows such that all downlink content can be traced

back to the originating sequence. Any on-board or

ground commands necessarv to achieve this schedule

are generated at this taime.

Downlaink plan check - If an acceptable downlaink plan

cannot be generated, a message s sent to mission

management software to be forwarded to the originatér ™~
of the CG&V run. (The originator 18 mission managemoent
for normal cycle activities.) The conmunacations

subsystem sequence packaae 1s marked incomplete and the
CGaV process 1s halted. Included in the notification
of an unacceptable conditaion 1s the required downlink

profile with areas of incompatibility haghlighted.

Soquence 1ncorvoration - when an acceptable downlink

plan is achieved, the actual downlaink vrofile 1s logged
onto the syvstem (as actual or potential)
for carry-over use into the next POl or subsct of a
POl 1s generated. The communications subsystem package

which was received with the I0S - whicn mav have contained-

B e PO,

and a vrojection |
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3.4.3.3 CG&V with conpleted power, tﬁermal and data SnalySLS

a.

only those 1tems carried over from a previous POI

or subcset of POI -~ 1is updated to reflect the actual
profile and the commands necessary to achieve the desired
downlinks. (The downlink commands may be for on-board
use, ground reai-time use or a combination depending

upon the mission and oubservatory design.) The updated
communications subsystem sequence package 1s now part

of the 10S.

T

Initiation of CGsV - At thas p01ﬁt in the CGs&Vv
process (Figure 3.4-4), the IOS contains all information necessary

to operate and receive data from the observatory. This

s called the "Parameter Add/Remove" trigger point

because past this point, only parameter changes whach

do not affect power, thermal or data guantity can be

made without redoing previous CG&V steps. Under normal

CGsV actaivitaes, processing does not stop at this step----- - <

and therefore no specific i1nitiation 1s requared.

The significance of the "Parameter Add/Remove" traigger

point 1s that users may develop sequence packages which
specify only parameter values for use 1in adaptaing

wnstrument gains, scale factors, pointing, field of view,
etc. to observed phenomenon. These parameters are
constrained such that they do not affect power, thermal

or data generation on-board the observatory. Such paiameters
can be incorporated into the 10S directly by the user.
Utilizing an interactive terminal, the user presents

to the CG&V process a .oquence package which centaans

the parameter(s) and desired uplink time frame. The

78
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CGs&V software informs the user whether or not an uplink
window is available and 1f there js enough taime before
the uplink to incorporate the new sequence package.

I1f conditions are favorable, the CG&V process is executed

e
N e

- from this trigger point on.

b. OBC or command memory analvsis - The OBC (or command

i memory) analysis program 1s automatically initiated after
the downlink CG&V rfunction is complete or upon command .
when a parameter change i1s to be validated. The anlysais

! program extracts all OBC (or command memory)} commands

} from the I0S. These commands are in the form of mnemonics
which are specified in user sequence packages for

execution on-board the observatory. These commands are

‘ combined waith those already on-board (held in a memory

' map or equivalent) and analyzed to verifv that enough

! --memory and time are available to execute the total

command set.
3

)
‘.
|

c. OBC or command memory ananagement - The management -

software converts mnemonics to actual commands and

generates a time-sequential memory map or OBC activaty
profile which contains tne projection of activity (and

memd}y content)} for the period-of analysais. The period 3 .

may be for the entire POI across several command periods
or 1t may be for a subset of a POI. If the analysis
period covers only one uplink, then only one memory mag
or OBC profile 1s generated. If over multiple uplinks,

then sequential maps or profiles are generated.

'
~
¢ )

d. Plan check - If:an acceptable OBC (or command memory) X

usage cannot be generated, a message 1s sent to mission

3
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management software to be forwarded to the originator
of the CG&V run. (The originator 1s mission management

for normal cycle activities:; however, any user could

DI o e L I T TR
rb-
1]
*
1]

have entered a sequence package containing a simple

[

paramet2r change.) The OBC (or command memory)

management sequence package is marked incomplete, the

CG&V process 1s halted and no outputs of this CG&V run

are carried forward. The attempted map/plan 1s ancluded
in the failure message with thé area(s) of incompatability
highlighted.

le. Sequence incorporation - When an acceptable OBC
{or command memory) usage plan lslachleved, the memory
; map (s) or OBC activity profile(s) are updated to reflect
current usage. The map/profile 1s projected 1into
future time periods to r=flect krnown usages. Additionally,
the program calculates critical resource availabilaty
(such as memory available and computer time available)

for ready access during real~time contingency or adaptive
commanding actaivivies.: This program also updates the
map/profile post-pass to reflect any real-time utilization

of the available resources.®

The OBC (or command memory)
- management sequence package 1s updated to contain all
commands which are to be executed. (This is the summataon

of user specified as well as OBC (or command memory)

subsystem specified commands.) Where required, these
commands are grouped together into sets which

must be transmitted contiguously.

f. Uplank analvsis - The uplink aralysis program combines

all commands which are to be sent to the observatory: OBC
(or command memo:ry) commands, commands to experiment

or subsvstem processors and real-time commands as
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defined by the IOS. This program generates an integrated
detail observatory required uplink profile.

Uplink plan - The upiink planning software, using

the knowledge of the uplink windows contained in the
communications subsystem sequence package, first fats
uniquely specified uplinks into specified windows.
Next, all uplinks are fit into uplink opportunities
and a total uplaink plan 1s produced. An 1index 1s
generated which relates upllnké to the oraiginatirg
sequence packages such that the uplank which contains
commands from any sequence can be determined.

Commanding plan check - If an acceptable uplink

plan cannot be generated, a message is zent to mission
management software to be forwarded to the originator
of the CG&V run. The communications sequence package
1s marked incomplete, the CGsV process 1s halted, and

no outputs of this CG&V run are carried forward. The
required uplink profile with areas of incompatioilaty- - -
highlighted 1s ncluded in the error message.

Seguence incorporation - When an écceptable uplaink

plan 1is achieved, the actual uplink profile 1s logged

on the system (as actual or potertial). Command packagés
are produced which contain all uplink values

for a given uplink. The uplink content 1s indexed to

the orio:natihg sequence such that given the sequence
package identification, the uplank whach conta'ns the
resulting commands can be determined. The command
package specifies the order of trarsmission, whaich

1tems must be sent withain a single upload sement and
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whaich are to be sent only upon external stimuli, such
as real-time or adaptive uploads. N

o
3.4.3.4 CG&V with Completed Uplink Plan

a.

b.

Initiation of C5&V - At this point in the CG&V

process, the IOS reflects the total activity of the
observatory and the commanding plan for a perioad of

tame. This 1s called the "File Update' trigger poant

as no changes can take place past this point -excert
modification of the upload packages. (See paragraph
3.4.3.5 for a descraption cf such modifications.)
Depending upon mission unigue considerations, the CG&aVv
process may automatically continue i1ts activities at

this time, or the process may halt at thas poxnt and be B

restarted shortly before the real-time upllnk act1v1t1e4
commence.

Lslink File Generation - The command packace for a

single uplink window 1s prepared for use by the real-time
operations and the expected usagé—ls logged onto the o
system. The command package is converted into indavidual
upload packages (segments) which conform ic the format
ana length conventions used by the real-time processes.
Each 'segment 1s assigned an ID. Each segmernt 1s indexed
such that glven a sequence package, the upload segment
which contains resultant commands can be determined.
Normally a segment 1s to be transmitted in a specific
uplink to achieve the desired activity for a POI; however,
a segment may be the result of a health and safety or
adaptive sequence in which case it 1is kept on file

until 1t 1s required. The uplank profile for a commandi

period 1s generated. This may be for a single uplank
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2 . .
window or a set of windows depending upon misSsion
requirements. (The period may be varied within a massion

depending upon such factors as the day of the weeék
o scirentific ainterest in a transient phenomenon.) -
"he profile 1is generated defining current upload window
utilization, and projections for any upload segments
that utilize subsequent windows ure procduced. For each
uplink windcw the segments which are to be transmitted
are identified and ordered. If there are segments
which are to be transmitted only 'upon special command »>r
because of health and safety or adaptaive science }easons, .
such:segments are identified. The final step 1s to
i analyze the uplink window to produce a spare capacaity
measure to indicate the amount of adaptive commanding
that can be performed by real-time operations. — -- ——— - ——e—

¥ 3.4.3.5 Parameter Update Capabili:ties

The CG&V late update activities and capabilities are shown

in Figure 3.4-5. T — — .

a. Initiation of CGsV pvarameter update - Each user may

define parameters which are used to modify the operation
of their instrument or subsystem which do not affect
the overall activities during a POJ. These parameters -

are to be utilized .o react quickly to situations when

a new sequence 1s not called for or taime i1s not available

to generate a new sequence. Such parameters as

redundant compon~ent selectors, reset commands (1f they

do not effect data generated, power or thermal), gains

and scale factors are examples. The 1cé system provides -
the capability for the uscr to have such parameters
incorporated into uplainks f£rom his terminal via a menu

select activity. 1In order to add, remove or change

such a parameter, the user commands the CG&V pri-ess

to generate a file update. This activity occurs after
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the upload segments have been generated for an uplank
window.

Parameter chanae - To command the CG&V process to

change a parameter, the user inputs to the system the
sequence package ID which contained the original para-
meter(s), an image of the original parameter and the

new parameter. The CG&V process‘determlnes which upload
segment contains the old parameter ard determines if

there 1s enough time to change the upload. (That is,

has real-time operations already accessed the segment

in question.) If the segment has already been trans-
mitted, the user 1s informed of this fact; otherwise,

the old parameter value(s) are replaced with the new values
in the command package and the IOS version of the seguence
package 1s updated. The change is treated as a post-

pass modification for later incorporation by OBC (or
command memory) management. The CG&V process then
executes from the file update trigger point as was
described previously. The originating user 1s notified
that the change has been completed.

Parareter remove -~ This activity 1s essentaially

the same as tne parameter change process except for the
followainqg point. The parameter to be removed i1s tested
by CG&V software to determine 1f it affects OBC (or
command memory). If at does, then i1t 1s converted
1nto a no-op rather than being removed from the commeond
package. (Note thar changes at thas point- change,
add or remove- are treated as real-time changes and

are reflected 1n memory management post-pass.)

Parareter add - To comménd the CG&V process to add

\
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a parameter the user inputs to ghe system a desired
uplink window and the parameter to be added. The CG&V
process determines 1f the uplink has not yet occured,

1f there 1s sufficient time to modify the upload before
transmission and 1f there 1s sufficient space in the
uplink window to add the new parameter. £ If the add s
not possible, the user 1s so notified. If the change

is executed by OBC (or command memory), the available
resource file generated during the normal CG&V process
1s accessed to determine 1f capacity exists. If the add
1s possible, a dummy sequence package 1s automatically
generated and associated with the IOS. The command
package 1s updated to reflect the additional parameter(s).
The CG&V process then executes from the file update
trigger point and the originating user 1is notified

that the addition has been made. The add 1is treateﬁ

as a real-time act.vity and the memory map updated

post-pass. .

3.4.4 Real-Time Overataions

Figure 3.4-6 provides a synopsis of the real-time
activities which outlines the local and 1ﬁ;h6use user
~rerations ¢nd the i1nteractions between each. These

wwhavities are described below.

3.4.4.1 Local Operations

The local operations are the focal point for all real-time
downlink and upllnk;act1v1t1es. Local operations are
automatically controlled by the real-time procedure which
1S generated off-liﬁe to the operations and 1s tailored
to a specitic contadt. The real-time procedure drives

!
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data selection for display, data conyersicn, data monitoring

and command transmission. With these procedures manual
intervention 1s required primarily to support anomalijes.
However, the capability exaists for the operator to control -
manually many of the real-tame functions.

The local operations activities are as follows:

' -

a. Capture incoming data - All downlink observatory ‘L

data enter the local operations facility. For real-

time command and control activities, the prime data is

the real-~time data (data accumuiated and transmitted
real-time from the oubservatory). However, recorded

and tracking data are also received at the local operatlons~
facilaty. )

b. Select display data - The data for displ.y 1s typically

real-time data. However, the capability exists to
display and monitor recorded observatory datét‘~1t~may
not be required or possible to display all of the data.
This function automatically selects the appropriate
data based on the real-time précedure. The operator
has the capability tc manually request additional data

parameters for display.

c. Convert data to engaineerinqg units - The data for

display 1s converted automatically to engineering units
according to conversion factors supplied by the system

users.

\
t

|
d. Daisplay data - Standardized data display formats

are prepared ﬁnd displayed upon operator request.
!

TTE i, b . ne . -
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Monitor data - The data monaitor function 1is

automatically controlled by the real-time procedure,

but the capability exists for operator monitoring

of the data. For the automatic monitor function,

the downlink data i1s comparea to alarm limits or adaptive
responsce limits as defined in the real-time procedure.
Alarm conditions and adaptive response conditions are
flagged and, depending upan the procedure, a requlrement
may be derived to transmit commands. .

}
Roguirerent to transmit commands check - Based

on the real-time procedure there may be a requirement

to command the observatory. 1If there is no such. i
requirement, the downlink functions continue until the

contact ends.

One of the following types of commands may be required:

1} precanned anomaly comnands_in_response_to_alarm_
conditions flagged by the data momitor function; 2) standard
command loads as defined by the real-time orocedure;

3) precanned adaptave commands as defined by the

procedure and detected bg the data moraitor functaicn;

4) precanned parameter only- commands as defined by the

procedure and detected by the data monitor function.

Anomaly check - An anomalv 1is flagged by the data

monitor func~taion, and the anoma'ly condition 1s automatically
displayed te the operator. The real-time procedure

(or the operator) determines 1f precanned safing commands
are available i1or this condition. If commands are
avairlable, the p:occ@ure {or operator) causes the
transmission to c¢ocur. The procedure (or operator)

updates the, real-t.me procedure (i1f requaired) in response

s A —
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to the anomaly and the downlink/uplink functions
continue accordingly. Also,‘the operator notifies
the appropriate off-line personnel of the anomaly.
Standard comrand packaae check - The real-time
procedure dictates the time(s) to transmit the normal
dpload packages that were planned for the specafic
contact. The procedure (or operator) causes the

appropriate command files to be. selected and transmitted.
Anomaly procedures as described above are applicable

if an anomaly occurs. The downlink data functaions
continue throughout the contact.

Adaptive reguirement check - The capability exaists

to define in the real-time procedure specific downlink
data conditions which, 1f occur, cause precanned adaptive:
commands to be transmitted. These commard locads are
verified during the normal planning cycle as possible

sequences to be commanded during a specific contact..----
The adaptive response requirement 1s flagged by the

data monitor function, and this condition 1is automatically
displayed to the operator. The real-time procedure

{(or operator) determines 1f sufficient OBC command or
memory ex1sts to accomodate the adaptive update. The
operator requests a display of the OBC command or memory
status to make this assessment. If there 1s sufficient
time during the command window and the sufficient uplink

capacity, the procedure (or oparator) selects the appropriate

commands and causes the commands to be *ransmitted.

The real-time procedure (or cperator) 'causes the précedure
tc be updated accordingly, and the normal operation
containues. If the adaptive commands are not transmitted
according to the procedure, the operator notifies the

user.
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J. Parameter onlv - Parameter only commands are similar

to the adaptaive commands with the% exceptions that

parameter only commands cause minimum or no impact
to observatory events and can be applicable for all
contacts. However, the process from the operations
point of view 1s identical to the adeptive commanding
technaique.

3.4.4.2 1In-House User Operations

The real-time in-house user activities parallel the local
operations. The in-house user operations and activitaies

are as follows:

a. Select specific data -~ The user has the capability

to select the raw telemetry data (real-time and/or

recorded) for use during operations. The user inputs
this request from the user interactive terminal, and
the data 1s passed to the in-house facility.

b. Convert data to enaineerina data - If the user

selects the raw data, it 1s the user's responsaibilaty
to decommutate and convert the data to engineering

units.

c. Displas data -~ If the user sesects the raw data,

1t 1s the user's responsibility to generate the data
displays. The user has the option to request the local
operations displays via the user interactive terminal.
The user has a menu of display formats available and

selects the displays frem the menu.

d. Reguirement to tvansmit command check - The user

S
monitors the data displays to determire comrand transmissicn
!

i
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requirements. The user has the capability to request

that the following types of commands be trarsmitted: -

1) precanned anomaly commands, 2) precanned adaptive
commands, 3) precanned parameter only commands. If no
commands are to be transmitted, the user continues the

data monitoring functions.

Anomaly check - The prime responsibility for anomaly

commanding resides with local'oéeratlons. However,

1solzated instances may arise where the user has respon51b11££y
to Erlgger anomaly commanding (1.e., back-up to local
operations Or user instrument anomalies that occur while

r If the 1C4

system recognizes the user responsibility, the user may

user 1s requesting adaptive commands).

select the appropriate precanned commands from a menu
of responses and input the request to local operations.

Precanned adaptive and parameter only check - The

user has the capability to trigger "ddaptive and/or’
parameter only commanding provided the ic? system
recognizes *his responsibility.” The user has available
a menu of precanned adaptive and parameter only command
loads. Where required, these loads are restricted
for speclflc_con;acts. The IC4 system accepts the
command reguests pr9v1ded OBC (or command memory) and
uplink cepacity are avairlable and provided the command
window exists. The user selects the precanned commands,
and the request to local operat:ons 1s input via the user
interactive terminal. If the IC% system does not accept
the command.request, the user 1is notified via an automatic
display. The user continues to monitor the data throughout

the contact.

gy e me e

~

- [P




7~

3.5 Interfaces

Figure 3.5-1 summarizes the data interfaces between the
major IC4 system elements. These functional intexfaces
show the elements that develop data and that utilaze the
data. Figure 3.5-1 shows generators and users of data
and 1s not intended to define the actual manner in which ,
data are transferred within the system. It should be
noted that only those interfaces to support ccmmand and
control activity are shown.

The Ic% 1nterfaces are defined in detail in Tables 3.5-1
through 3.5-30B. For each interface, the originating

and receiving functions are 1dentified where the functions
are referenced to the functional hierarchy charts (Section
3.2). The type of interface (or fuiactional architecture
technique) 1s defined as one of the following categories

of 1interfaces: e e

a. person-to-person :
b. man-machine

c. machine-machine.

Person-to-person interfaces address information passed

between people. These interfaces consist of:

a. face-to-face interfaces (1.e. meetings)
b. voice communications (via mechanisms)

c. notes and memos.

Man-machine interfaces include those interfaces where man
interacts with an automated device (1.e., terminal and

CRT) to input or receave information. The follcwing types
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of man-machine interfaces are considered:

a. man directs activity of the machine (i.e., man

activates programs, man replaces data sets, man
requests data dasplays) )

data display (data is visually presented to.the man)
data entry (man inputs data/information 1n resporse

to program requirements/prompts, man oraginates data .
sets) . y .
¢
Machine-machine interfaces address automatic interfaces

{no man-in-the-loop) that occu'. between programs and

machines. These include:

a. automatic triggers (machine triggers execution
of an activity/program based on time, availabality
of data or successful completicn of a previous
activity)

b.

data access (machine/program access defined data =~ =
from another program or interface).
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