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APPLICATION OF COMBAT PLANNING TECHNOLOGY
TO RPV COMMAND AND CONTROL

ABSTRACT

The material presented herein contains the Final Report for a study of the
requirements to command and control RPV missions. Factors considered
include the RPV System Concepts as they have evolved over the past several
years, technology factors as they impact system capability and system costs,
and the employment concepts which encompass the use of RPV Weapon Sys-
tems in both a mixed force and a pure RPV deployment.

The study was planned as a confined effort. It was not the intent to analyze
in depth all factors impacting RPV Command and Control, but rather to
assimilate the conclusions of the many studies of RPV systems that have
been conducted, and to integrate these results with Litton's analysis of

Air Force misgion planning, monitoring, and control, and thus; ta derive a
viable concept for an RPV Command and Control system.

This report addresses the requirements for planning RPV missions and for
controlling and monitoring the missions so the planned mission objectives
will be realized, Functional requirements have been identified as physical
control and force control. Physical control is defined as that control intro-
duced into the RPV vehicle systom that causes the vehicle to fly a preplanned
flight profile and to realize a preplanned schedule. It is comparable to that
conirol exercised by the pilot in a mannaed aircrvaft system. Force control is
- defined as encornpassing all functions required to assign vesources to a mig-
sion and to plan the mission profile and schaedule 80 the mission objective is
achieved, This planning encompasses requirements to coordinate missions

in time and space, to plan supporting {communications relay) operations, aad
~ to plan for various contingencies. Included in the force contyol function is
the replanning requirsd to adjust operations in response to unforeseen
events or to changed environmental factors (z e., intelligence, weather,
requlraments)

Analysis of these basic functions reveal two primury interfaces that signifi-
cantly impact the control functions. One is the physical control/RPV vehicle
interface. The other primary interface is that between the planning function
and the physical control function. Each of these interfaces dictate system
requirements unique to unmanned airborne vehicles.

An assumption which is espcecially significant in the selection of requirements
for cornmand and control of RPVs is that the system shall provide the capa~
bility for a single controller to control multiple RPVs. The only exception

is that over-the-target control of each strike mission requires full time opera-
tor attention for a shoyt period. To provide this capability, analysis indicated
that:

e There must be an automatic flight control aystem (AFSC) in the
RPV.
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e For RPV control, continuous communications with the RPV under
control is not required except in the over-the-target phase and
for bomb damage assessment.

e Over-the-target control of strike missions and BDA require two
way, broadband communications on demand.

The command and control procedures and the asseciated data processing and
display requirements discussed in this report were developed in consonance
with these assumptions and constraints,

The conclusion of the analysis of the requirements is that the system providing
RPV command and control elements may be airborne or ground-based, The
command and control elements consist of a DCF multiple RPV control that can
be augmented by adding modules as the number of simultaneous missions
increase. These basic elements include:

(1) The Multiple RPV Mission Control Element which provides
capability to launch an RPV, fly the RPV on a preplanned
flight profile, and recover the vehicle.

- {2} The Weagpon Delivery Control Element for strike missions
‘which provides the capability to receive, process, and
display in real time the video imagery obtained from the

. BO sensors on board the strike RPV.

(3) The RPV Mission Planning and Force Control Element

: which provides the systemn with capabtlity to plan a
mission, to monitor the execution »f missions, and to
replan and adjust oporations ae roquired.

The RPV Force Plamiing and Monitoring Element for the mixed foree of RPV
and manned aivcxaft is the 4851 TACC which is considered to be external to
the RPV command and control system. The report provides data proceasing,
communications, and operator consoles and display requirements for each
sysmm element,
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SECTION 1

STUDY OBJECTIVES

1.1 INTRODUCTION

The information in this report presents the findings of a four man-month effort
on Remotely Piloted Vehicles (RPV) Command and Control requirements, The
study was conducted as an add-on to Litton's existing, '"Mission Planner Pro-
gram' (USAF Contract No, F30602-71-C-0015), It was postulated that the Com-
mand and Control functions for manned aircraft in tactical situations as devel-
oped in the Mission Planner Program were, in many cases, directly relevart to
RPV. The purpose of this study was to validate and define the extent of com-
monality between the command, control, and communications functions identi-
fied in the Mission Planner Program and those required for RPV utilization,

1.2 STUDY BASIS

The Advanced Development Mission Platiner System (ADMPS) is presently
being conducted as a part of the ground data prccessing element (691F) of the
Advanced Development 69} "Force Protection Program'. The ADMPS is
spousored by USAF Rome Air Development Center, but because it places
emphasis in Force management and vehicle utilization planning, the
pregent RPV addendum is being monitored by USAF Electronic Systems
Division of Air Force Systems Command, The ADMPS is being designed
+o provide automated support for the detailed planning {and/or simulation)
of tactical air missions using manned aircraft, A cursory examination
reveals that the ADMPS functions are equally applicable to unmanned as
well as manned vehicles,

Although the ADMPS itself is not complete, an intermediste milestore of that
development required a demonstration of concept feasibility, For this demon-
stration a set of software programs which implemented the total spectrum of
planning functions to support strike and ECM mission planning were generated.
This implementation, successfully demonstrated in December of 1971, is
called the Mission Planner Breadboard System (MPBS). MPHS operates on
commercial equipment and has been demonstrated to interested audiences
from its inception to the present time at Eglin Air Force Bass and at Litton's
Canoga Park Facility., It was the demonstration of this breadboard that lead
to the present study, The functions and operation of the breadboard ave
detailed in Section ¢ of this report, along with the description of the RPV
demonstration and an analysis of how MPBS might be modified for

RPV purposas.

1.3 STUDY TASKS
Task 1. RPV Mission Planning: Determine the appiicability and

demonastrate the use of current Mission Flaaning progrems to RPV
miasion planning requirements. .
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Task II, Real Time Command and Control Requirementg: Identify
and describe those functions which shou'd bhe implermented to satisfy
the RPV requirements for ~eal timme Co.numenad and Control and their
hardware and software imnpact,

1.4 SCOPE

The effort expended on this study was limited by funding to approximately
four man-months of effort plus the comjuter tirne required for demonstrating
the present applicability of the MPBS to RPY, To determine how applicable
the MPBS functions might be to RPV cornmmand and control, however, {(and to
plan the demonstration), analysis of the Command and Control requirements
imposed by the nature of the RPV itself was necessary. To perform such
analysis within the prescribed limits, results had to be based on the data of
existing studies and analyses rather than upon a totally new analysis, In
some areas, such as assumptions concerning th2 avionice and performance
capabilities of the RPV, it was necessary to use existing data as a '"given,"
Similarily, development of the data processing estimates are primarily
based upon Litton's substantial experience in the development of tactical
Command arnd Control Systems, Tae particular studies and analyses used,
together with a specific analysis of the RPV communication problem, are
presented in Section 2.

The major portion of the study is contained in Section 3, This section pre- -
sents the results of the functional analvsis and describes, where appropriate,
how Migsion Planner functions {it, or could be modified for RPV, The defi-
nition of functional requirements has been taken to a level of indenture suffi-
cient to provide functional allocation to data processing, display, communica-
tions, or operator subsysterms, Once the functiona! analyses are made it is
possible to evaluate the data base and processing requirements. These
requirements are presented in Section 5,

Section 6 of this report presents the System Concepts for Command and Con-
trol of RPVs, including conceptual system design, Section 7 identifies arecas
for additional study,

1.5 RPV FORCE DEPLOYMENT FACTORS

The force deployment sssumptions are based upon guidance provided for this
study snd, as thoy relate to RPV strike unitg, on guidance provided for the
man-machine interface studies, The factors which are documented in this
‘section are applied in Section 3, RPV Command and Control, and Section 4,
Mission Planaing Systems Applications to RPV Command and Control, to
establish guantitative factors for operator requirements and data processing
and display. In many areas, these factors are relatively independent of
miggion type, Consequently, the results are relatively independent of the
mission mix, The factors that most significantly affect system capacity are:

a. Total number of misaions per day and planning response times
regisired :

b. Total number of missions sitnultaneously airborne
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¢. 'Total number of strike missions simultaneously in the woapoa
delivery phase,

The £tandard RPV force assumed is an RPV Composite Group with three
units; a Strike unit, and EW unit, and a Reconnaissance unit, Each unit is
capable of launching 80 sorties per day. There will be up to 20 missions
simultaneous airborne. Four strike missions may be in the terminal phase
simultaneously, Table I, 5-1 RPV Force Factors, tabulates all factors
assumed,

Table I.5-1 RPV Farce Factors

No, Units 3
Sorties per Unit/Day 80
Sorties per Mission 3
Total Missions/Day 240
Targets/Mission, Strike 3
Targets/Recce Mission _ 3
Mission Objectives per EW Mission .2
~ Total Simultaneous Missions/Unit 20
Total Simultaneous Missions/RPV Force '_60

Total Simultaneous Strike Missions
- Gver-the- Target

Launch Siteg per Unit
Total Launch Sites
Recovery Sites per Unit

No. Emergancy Rocovaery Sites

B = e O N D

Total Recovery Sites/Force

t . R

1.6 SUMMARY AND CONCLUSIONS

The material presentad in this report is based upon a study of the raquire-
ments to command and control RPV missions. Factors considered have
included the RPV System Concepts as they have evolved over the past several |
years, technology factors as they impact system capability and system costs,
and the employment concepts which encompaas the vse of RPV Weapon Syatems
in a mixed force as well as in a purs RPV deployment, '

The study was planned as a confined effort. It was not the intent to analyze
ir depth all factors impacting KPV Command and Control, but rather assimi-
late the conclusions of the many studies of RPV systems that have besen con-
ducted, to integrate these results with Litton's aralysie of Air Force mission
plaoning, monitoring, and control and to derive a viable concept for an

RPV Command and Coatrol syatem, ‘ ‘
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In consonance with this study plan the report summarizes briefly:
@ Operational concepts for the empioyment of RPVs,

@ Air Force funded studies that have been used as a basis for the
RPV system performance capabilities,

e Litton's studies of mission planning and control systems
applicable to RPV Command and Control,

Because communications fox enroute and over-the-target control introduces
significant technological problems, a detailed discussion of communications
technology as it applies to RPV control is included,

The report addressea the requirements for planning RPV missions and for
Z controlling and monitoring the missions so the planned mission objectives will
be realized, Functional requirements have been identified as physical control
and force control,

Physical control is defined as that control introduced into the RPV vehicle
system that causes the vehicle to fly a preplanned flight profile and to realize
a preplanned schedule. Over-the-target control for weapon delivery, on-
station countrol foxr EW and reconnaissance missions, and contrel required to
respond *: system failures are subsumed, It is comparable to that control
ex2i cised by the pilot in a manned aircraft system. :

Force control .s defined as encompassing 2ll functions required to assign
resotrcus to a mission and to plan the inissien profile and schedule so the
mission objective i achieved,

This piavning encomyasses requirements to coordinate misgicns in time and
; - space, to plap sapporting (communications relay) operations, and to plan for
: various contingenci.s, Subsumed in the Force control function is the replan-
; ning voquired to adjust operations in response to unforeseen ¢vents or to
changsd environmental faciors (i, e., intelligence, weather, requirements).

; - There are two primary interfaces that significantly impact the control func-
tions, One is the physical cont >1/RPV vehicle interface. Principzl assump-
tions uaed in this study on the RPV system are derived from the 21iv Force
Multi-Mission Studies., Phyeizal control requirements ace duveleopad by mis-
! sion phase: i a,, launch, enrcuate, over-the-target strike or on-station EW

; and Recce, return to base, and recovery, Ctlher assumptions on the RPV
o vehicle fphysical control inter{ace are documenied taroughout the section in

i the particular missiun phase “ero they app'y. ' '

The other primary interface i tuat between the planning functic and the
physical control function. In considering this interface, it wax concluded
that thy RPV imassion is re’atively unique since there is little opportunity to
obtain knowledge of the flight environment in the execution phase that was not
available hafore launch, Specifically, visual reference to Sw 4nvironment
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is very limited vis-a-vis that possible in a manned system, Consequently,

the conclusion was that planning could and should be very detailed and com-
prehensive. The principal requirement for physical control is to insure mis-
sions are executed as planned, The procedures for physical control are based
on this premise, Force Control Functions show how such detailed plans are
generated,

The assumption which is especially significant in the selection of requirements
for command and control of RPVs is that the system shall provide the capabil-
ity for a single controller to control multiple RPVa. The only exception is
that over-the-target control of each strike mission requires full time opera-
tor attention for a short period. To provide this capability, analysis indicated
that:

a. There must be an automatic flight control system (AFCS) in the
- RPV. The AFCS will, at a minimum, provide the capability to
maintain (hold) attitude and heading. Additionally, it was con-
cluded that the requirement to provide control of multiple RPVs
in a hostile environment dictated that the AFCS also have the
cap bility to initiate and execute maneuvers such as turn, climb,
and descend.

b, For RPV control, continuous communications with the RPV under
control is not required except in the over-the-target phase and for
bomb damage assessment. Contact intervals in the order of
10 seconds are judged to be acceptable; longer pericds between
contacts are, however, tolerable under certailn conditions. In
‘addition, the physical control procedures developed do not require
communications to execute a preplanned RPV maneuver at an
exact time. The consequence of these conclusions is that require-
ments for the communications relay subsystem are considerably
reduced with respec to physical control, Thus, lower cost imple-
mentation of the command/response links are available as viable
options, The communications factors documented in Subsec-
tion 2, 4 derive from these premiscs.

¢,  Over-the«target control of strike missions and BDA require two
way communication on demand, A broad band data link to trans-
- mit imagery from the RPV to the Drone Control Facility (DCF)
Controller (ground-based or airborne) is required. The com-
mand link, Controller to RPV, must also be available on demand.

The command and control procedires and the agsociated data processing and
display requirements were developed in consonance with these assumptions
and constraints, Additionzlly, the desirability of minimizing on-board proc-
essing in the RPV and minimizing communications requirements was sub-
sumed, The concluaion of the analysis of the requirements for command and
control is that the system providing RPV command and control elements
may be airborne or ground-based, The command and control elemerts, in
turn, consist of a DCF multiple RPV control element that can be augmented
by adding rnodules as the number of simultaneous missions increase, Figure
1.6-1 shows in specification tree format the mission essential elements of
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Figure 1,6-1. RPV System Specification Tree
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the RPV system. Those elements which are either a part of, or are principal
interfaces, with the RPV control system are shown in bold outline. The sig-
nificant conclusions of this study relate to the features of the RPV command
and control element modules.

The Multiple RPV Mission Control Element provides the capability to launch
an RPV, fly the RPV on a preplanned flight profile, and recover the vehicle.
The capability to provide inflight control and to react to exceptions reported
is included. This element consiats of personnel, data processing and opera-
tor consoles and is common to all RPV units; Strike, EW, and Reconnais-
sance. It is the essential element required in every deployment situation.

The Weapor Delivery Control Element for strike missions provides the capa-
bility to receive, process, and display in real time the video imagery obtained
from the EO sensore on board the strike RPV, The element also provides the
capability to position the strike RPV exactly on a delivery trajectory and to
control waapon release and bomb damage assessment. This element aug-
ments the basic element, Consequently, the DCF for an RPV strike unit con-
sists of the basic element plus the Weapons Delivery Control Element, The
element contains operator persoanel, strike control consoles, and additional
data processing capability.

The RPV Mission Planning and Force Control Element i3 the system element
- that provides the capability to plan a mission, to menitor che execution of
miasions, and to replan and adjust operations as required. It alao establishes
requirements for mission support, e,g., EW suppurt to a strike or recon-
naissance mission, It automatically generates a code as a part of the plan
which can be inserted into the RPV prior to launch, or transmitted to the
RPV inflight. The coding is such that the RPV will 1-aseuver according to -
‘the preplanned flight profile within dead reckoning accu.acy limits, (It is
operationally desirable that this capability also be available in the Multiple
RPV Mission Control Element for cases when the two modules are not colo-
cated. The element consists of operator personnel, data processing, and
operator consoles. Since this element requires relatively complote data on
the enemy order of hattle, {especially targets and enerny defense capability)
and other data applicable to all RPV units, it is sized to plan and monitor the
operations of the total RPV force. The level of capability provided is esnen-
tial to an effectiw and rapid response planning capabllity and is typically
required in all deployments, However, if mission requirements are simple
and the EPV force is small, the option of manual planning does exist. RPV
flight profiles can be meanually generated, Conversion to code can be accom-
plished by the Multiple RPV Control Element. For a pure RPV force, the
_planning element supports the force planning {unction.

" The RPV Force Planning and Monitoring Element, for the mixed force of
RPV and manned aircrait, is the 485L TACC. This element is considered to
be external to the RPV system. The additional capability desirable or re-
quired within the TACG to eftectively plan a mixed force operation is ad-
dressed in Subsection 3,3, Force Planning Function. This is reflected us

a dotted line box in Figure 1,6-1,




The Real Time Reconnaissance Data Processing Element provides the
capability to receive and process in near real time reconnaissance imagery
data and other reconnaissance information. It augments the basic module
for reconnaissance RPV units if this capability is required. Since the capa-
bility to procest reconnaissance data in near real time is common to rhanned
aircraft and RPVs alike, the slement may be an element of the intelligence
processing system, not the RPV system. Thus it is shown as a broken line
box and is not addressed in this study. There is, however, a significant:
interface that will affect the Recce RPV. '

Figure 1. 6-2 depicts the RPV command and control system in a typical
deployment situation with three RPV units. Interfaces between each RPV
unit and the planning element iz depicted. A digital data link interface is
assumved. Each unit interfaces directly with launch and recovery sites; again
digital data link is assumed. Interface with the TACS system, the TACC,
CRC, and manned aircraft unit TUOCs is through the RPV compobsite group
planning and Monitoring modular element. Not shown on the figure is the
interface with the airborne RPVs which is from the unit control module to
the RPV, either direct or through the relay aircraft.




TACS SYSTEM

FORCS MONITORING
MODULE (COLLOCATION
WITH STRIKE UNIT le

OPTIORAL)

| oo e e e |
SHOKE RPV UNIY

OCF MULTIFLE APV
CONTROL ELEMENY

WEAPON DELIVERY
CONTADL ELEMENT,
AUCKENPATION
NODULE ,

LAUNCH AND
RECOVERY
AL .

:

4

€W RPY UNIT

RECCE APV UNIT

OGF MULTIPLE fiRY DIF MULTIPLE APV

CONTROL ELEMENT CONTROL ELTMENT
RECONRAISSANCE |
DATA PROCESSING )
AVGRENTATION i

HECOVENY
L 1hg 2]

g

| Figure },6@2. RPV C&l Syitﬂin 'Typica_l Cdnﬁaun'tion




SECTION 2

RELATED STUDIES AND TOPICS

g.1 INTRODUCTION

A principal source of information was the set of reports derived from
various Air Force studies including the Multimission Remotely Piloted
Vehicle Systems (Contract Nos, F33615-72-C-1260 and F33615-72-C-1210),
Man Machine Interface (Contract No. ¥33615-72-C-1848), Command and
Control Information Processing (CCIP-85 AF Contract No, 4701-71-C-0366),
and SEEK FLEX Preliminary Design (USAF Contract No, F19628-71-C-0016)
studies, Additional data were derived from other sources including a docu-
ment entitled "Navigation and Guidance for Remotely Piloted Vehicles, "
which wag presented by Litton Guidance and Control Systems Division
personnel at the RPV Symposium (June 1972). Other documentation includes
the TACOP Final Report - CORONET ORGAN V, dated 1-11 November 1971;
"An Analysis of Remotely Manned Systems for Attacking SAM Sites, ' USAF
Rand Project Report R-710-PR; plus numerous articles concerned with
drone/RPYV technology and utilization. Key technology areas that have im-
pact ot the command and control system requirements are the vehicle
navigstion technique and the vehicle-ground communication link. The re-
quirements for thess two elements are discussed in Subsections 2,6 and

2.7. Additional areas of apecial impact are the structure, size, and
deployment concepts of Tactical Air Forces, Brief discussions of these

are included in Subsection 1,5 and Section 5,

2.2 RPV SYSTEM DESIGN STUDIES

Litton used previously conducted, USAF funded, studies for information
periaining to certain areas of this study. This applicable data included

the areas of; vehicle design, operational concepts, Ferce sizes, communi-
cations requirements, facilities required for Drone Control, and analyses
of man-machine Interfaces. Thaese studies covered a wide range of factors
pertinent to the development of this system. Therefore, they contributed
directly to this study because it was not intended to further define any of
these factors but rather to select representative factors from them as a
baseline, : '




2,2,1 RPVY Multi-Mission Studies

Two studies were awarded, one to Teledyne-Ryan assisted by RCA, and the
other to Northrup assisted by TRW, to determine the system design require-
ments for remotely piloted vehicles as a tactical weapons system for multiple
mission application, These design requirements includéd consideration of:

Airframe Technology ECM Vulnerability
Propulsion Systems Vehicle Control
Avionics Systems Ground Handling
Sensors Logistics

The findings of these studies provided the basis for defining vehicle capability,
application, and operational concepts. In addition, they provided a source of
navigation accuracies versus CEP requirements for various missions/target
types. '

As these studies developed their baseline system, the keynote was operational
flexibility, simplicity, and growth capability rather than a single sophisticated
configuration ,

2.2.2 RPV Man-Machine Interface Studies

Two studies were conducted for the Air Force, one by North American
Rockwell and the other by Sperry, which investigated the man-machine inter-
face requiremants for employing remotely piloted vehicles as a tacticai wea-
pons system for multi-mission application, 8ix tasks were addressed in
‘these studies and included the following:

Mission Definition Study
Functional Analysis

Determination of Selection Criteria
Trade-off and Sensitivity Analysis
Remote Control Station Design
Program Delinition

A tsrge portion of the effort was directed to the definition of an RPV opera-

tional unit organization. The organization proposed was a self-sufficient unit
consisting of vehicles, launch and recovery facilities, a control element, and
“support units, '

The functional analysis was keyed to eight mission phases which included Sys-
tern Readiness, Pre-Launch Activities, Launch, Navigation, Target Acquisi-
tion, Attack, Bomb Damage Assessment, and Recovery. The analyais
resulted in a determination of the level of automation (from 0 to 100 percent)
for all functions identified, All functions were listed with an indication of
whethar the function was manual, semi-automatic, or automatic. The results
indicate that 44 percent of the functions are manual, 28 percent semi-
automatic, and 18 percent automatic. '
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Subsystem design parameters were defined for each of the major subsystem
elements, such as displays, controls, and operator interface mechanisms,
Values for these parametesrs were determined via a series of selection trade-
offs. The basis of the trade-offs were a set of selection criteria which
included performance, compatibility, flexibility, and cost,

As a result of the functional analysis and trade-off studies, several viable Re-
mote Control Station designs were developed for bothnear term and prototype
application, The designs varied in level of sophistication and automation.

The recommended designs were one-operator on one-RPV, with heavy opera-
tor interaction for the near term and one man on multiple RPVa for the prototype.

.3 CCIP 85 STUDY

2,3.1 - Future Data Processing Requirements of Tacticul Air Forces in
the 1930s

In the summer of 1971, Litton conducted a three-month study to identify the
automatic data processing required to support ractical Command, Control
and Communications for the employment of tactical Air Forces in the 1985
time frame, The study was prepared {or the Development Planning Study
Group that was organized to examine all facets of ADP support for Command,
Control, and Communications in the 1980 to 1990 time frame,

Under the study conducted by Litton, the requirements to plan, monitor, and
control tactical air operations were analyzed, Specifically the following func-
tional areas were addressed, : :

o Tactical Air Control Center (TACC) function,
e  Airlift Control Center (ALGC) functior.

e ‘Tactical Airborne Element (TABE) Combat and Combat
Support functions.

¢  Airlift Control Element (ALCE) and Airlift TABE function,
e  Direct Air Support Center (DASC) function,

e Control and Reporting Ceuter/ Control and Reporting Post
{CRC/CRP) functions,

e  Sensor Reporting Post (SRP) functions,

Under this study, new system cipabilities were addressed, One cf the new
system capabilities analyzed was remotely piloted vehicles, A conclusion of
the study was that, “'the introduction of remotely piloted vehicles (RPVs) into
the inventory does not in itself introduce new command and control functions.
There are, however, a number of factors that dictate requiremants for more
detailed planning within the TACC, Oue of these factors is the introduction
of RPVa into the inventory, " :
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The present study of RPV command and control has been able to use data and
experience developed under the study conducted in 1971, The present study
has developed the requirement to plan, monitor, and control RPV missions at
the TACC in significantly greater detail than is required for manned aircraft.
Further, under the present study, the requirements analysis waas extendedin-
to the area of physical control of the airborne RPV, (the control exercisea by
the remoted controller) which was not addressed in the previous study.

2.4 SEEK FLEX STUDY AND INITIAL TACC AUTOMATION PROPOSAL

In August 1970 Litton DSD was awarded a study contract oriented toward
obtaining the preliminary design and performance requirements for the Data
Processing and Display subsystems for an automated post-1975 Tactical Air
Control Center {TACC). The principal objectives of the study were to:

a. Define the functions of the post-1975 TACC/ALCC.

b. Define the data processing and display requirements which
derive from the functional and operational requiremerts of
the TACC/ALCC.

¢, Determine the optimum technical approach for the Automated
TACC/ALCC.

d, Describe and define the recommended design approach,

a. Develop an implementation plan {or the development of such
& system.

The SEEK FLEX prelisninary design study was accomplished througha multi-

tasked study effort organized around tho principal objectives outlined above,
Coordination and guidance during the study were provided by reprosentatives
of the Electronic Systeins Division, the Tactical Air Cornmand and the Mitre
Corporation,

The study approach contained two significant innovations. The first and most
significant was the extensive use of computer modeling to determine both sys-
tem vequirements and system pevformance. The second relates to the docu-
mentation used in the derivation of the data processing requirements and the
computey interface with the computer modeling activities,

This study was submitted to the Air Force in the early summer of 1971, In
February 1972, the Air Force issued a Request for Proposal (RFP) for Initial
TACC Automation as defined in USAF System Specification 001485, Litton
DSD responded to this RFP with & proposal which at present ia in the source
selection phase with & contract award expected in January 1973,

During the study effort and the response to the RF P, Litton DSD gained a
detsiled understanding of the functions of the Tactical Air Control System
along with ite capabilities and limitations, Also gained was a keen apprecia-
tion for the external and internal interfaces required of this control system,
and how a change of function effocts these interfaces. This experience has
been applied to this study,
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2.5 MISSION PLANNING ADVANCED DEVELOPMENT SYSTEM

As a part of the USAF 691 Force Protection Program, Litton is in the process
of developing a computer based system for planning ECM and tactical air mis-
sions. This Advanced Development, when completed, will provide automated
support to the planning organization for the total spectrum of tactical air mis-
sion types (e.g., interdiction, reconnaissance, Close Air Support, Air
Defense, etc.) which occur in a tactical environment,

For each mission type the following functions will be performed as appropriate;

Target Selection and Review

Ordnance Selection

Alrbase and Call Sign Selection

Route/Profile Planning (Semi-Automatic and Automatic)
Fuel Calculations and Tanker Requirements

Tactical Air Control System Requirements

Standoff ECM Support

Enroute ECM Support

Total Plan Review

Subsection 4.2 of this report describes the Mission Planner Breadboard in
detail. This breadboard was developed as a milestone in the design and fabri-
cation of the Advanced Development, It differs from the Advanced Develop-
ment in the following ways:

a. The breadboard is limited to the interdiction and ECM-
' mission types.

b. The breadboard data base is limited in size.

¢, Some of the implementation approaches to functional perform-
ance in the breadboard will be changed to the Advanced Devels
opment for greater sophistication and reduction in required
data base.

‘d. Functions which are unique to a new mission type, or are
presently not included in the breadboard ECM, will be invinded
in the Advanced Development,

In general, however, the refevenced breadboard description will provide the
reader with a good understanding of the planned functional capabilities of the
Mission Planner Advanced Breadboard.

2,6 RPV NAVIGATION SUBSYSTEM

Control and Navigation subsystems are key elements for the effective employ-

ment of remotely piloted vehicles, They are tlosely related and the degree
of sophistication of onc impacts the other. A review oi previously conducted
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studies indicate a “"shepping list" of capabilities available in these areas. All
these studies indicate that these capabilities are within the current state-of-
the-art, and have potential projected reductions in cost.

These subsvsterms may vary from a conipletely self-contained Navigation
system, which requires little or no updsting f~o>m the Drone Control Facility,
to one which requires continuous updating from the Control Facility. This
cursory evaluation of the desir.d capabilities falls between these extremes.
Based on previous work with the Tactical Air Command, (the assumed user)
the dynamic nature of tactical air warfare demands close control of the vehicle
by a human operator to enhance the effective employment of the system. It
appears therefors, that the minimum navigation capability required is one that
provides enroute control of the vehicle during ingress and egress from the
target area, reports vehicle status, and accepts corrections during flight.

The following features should be considered in determining the navigational
capabilities of the Remotely Piloted Vehicle:

a. Partially self-contained to afford recovery if communications
are interrupted,

b, Fully secure to prevent enemy.
c. World-wide employment capability.

d. Rer:rtable status such as position, speed, heading, and
altitude; on command,

e. No altitude, weather, or terrain limitations,

f. Navigatior system selected has minimum impact on vehicle
struciure,

g Mixxirnﬁm size, weight, ai:d1 power requirement,
h. Possess high availability, reliability, and maintainability.
i, Low cust,

2.7 RPV COMMUNICATION SUbLLYSTEM

2,7.1 Introduction and Summary

The systetn operational concept envisions the use of airborne relays as an
element in the communications system for RFVs.

The three dimensional geometry of RPV(s) and Relay(s), together with their
antenna gain/divectivity characteristics, estabiish the basis for path loss and
jamming vulnerability analysas, These are discussed in Subsection 3, 3.4,
"Communication Relay Plenning' and in Subsection 3,3.5, "Integrated Comrau-~
nications Relay ¥Flight Profile Planning."
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Two categories of communication links are required, 1) RPV Control, i.e.,
comnmand and response links. and 2} the RPV sensor data link., The latter
normally requires 10-100 times the bandwidth of the first, although it is likely
that control iteration rates will increase considerable over the target area.

Specific system requiremernts tend to force the use of UHF or microwave
frequencies and line of sight (1LOS) transmission, The system operational

_concept requires: 1) smail highly directive antennas, 2) relatively high infor-

mation capacity, at least of the RPV to relay link for sensor data, and 3)}fre-
quency spectrum availability, One non LOS possibility does exist, however,
and that is the use »f an HF command link for the enroute and return portions
of the miasion, ‘‘he use of HF for this function is discussed later principally
as an item for furiher study,

The most severc communication problems are: 1) providing adequate antijam-
ming margis for the RPV sensor to relay aircraft link, especially if wide band

analog informationistrzrngmitted directly, 2) controlling highly directive anten-
nas, and3)minimizing size, weight, and cost of RPV communication equipment.

In summary, it appears that the most desirable syatem has the following
characteristics:

a. The control link is also used for range measurement.”

b. The relay uses a steerable, highly directive antenna to receive
sensor data., Both this antenna and the RPVs antenna are also
used for control purposes when over the target area.

<. The RPV antenna may be similar to :hat of the relay's, nut
lswer directivity would be acceptable daring the enroute phase.

d. For economy, RPV communication and radar terrain following
{TF) equipment are designed for maximum commonality, e.g.,
they use the same type of antenna, and perhaps R<T and power
supply assemblies for both functions.

¢. The relay should employ Interference Cancellation System (ICS)
techniques for ECCM as discussed in Subsection 2. 7. 8.

Various alternative approaches can be considered, however most are asso-
ciated with antenna selection, {requency of oparation, and ECCM,

Following paragraphs describe these links (initially assuming no ECM) and
consides first those aspects which are common to both link categories, then
ECM vulnerability is considered, potential ECCM approaches are discussed,
and flinally, areas for further investigation are suggested.

*This is an alternative means of navigation, or actually RPV position deter-
mination. Other approaches to this functional requirement are mentioned in
Subsection 2.6, "RPV Navigation System,"
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2.7.2 Optimum Geometry of Relay(s) Relative to RPV(s)

It is assumed that line of sight (1.OS) transmission is required and that it
exists continuously during the mission execution phase. Possible brief signal
interruptions due to non LOS geometry are assumed enroute to the target area
and on retiurn to base,

As is the case with satellite relays, it is the up-link which is vulnerable to
jamming because of the jammers difficulty in physically locating himself to
intercept the down-link receiving beam (see Figure 2.7-1). Two up-link
transmission paths exist; 1) the link from control station to the relay, and

2) RPV response and sensor data up-links t> the relay. The first is relatively
invulnerable because the jammer must compete with the ground station's high
Effective Isotropic Radiated Power (EIRP), a term which includes both trans-
mitter output power and antenna gain. Also, it is unlikely that a jammer will
be physically located on the friendly side of the FEBA, hence the relay anten-
na's directivily also works against him. Finally, the relatively low informa-
tion rate of the command links greatly eaae the A/J signal design problem
{compared to RPV sensor up-links).

Since the RPV's up-link power and antenna gain (EIRP) are more likely to be
limited than that of the relay, it is obvious that the up-link receiving antenna
for RPV sensor data should have the highest practical gain, This means that
unless the jammer's physical location is such that he can intercept the bsam
he will suffer a commensurate power disadvantage. Tactically then, jammers
should be logated near potential targets within the half-beam width of the re-
lay's sensor receiving antenna. Figure 2. 7-] illustrates this since only the
"best" jammar location allows him to joam the main beam while RPV 1 is aver
target No. 1, The jammer will knew which direction to aim his antenna {impor-
tant unleas the jammer can be successful with a horizontal beam approaching
90 degreesjonly if commands slso emanate from the same point. This can be
avoided by using two relay aircrafy, one for enroute commands and another

for sensor data, when RPVs are atdacking targets, Two identical relay air-
craft can exchange centrol responsibility periodically, of course. Minimum

(3 dB), &30 dB gain, beam widths ("¢" in Figure 2. 7-1) approximate five deg-
rees assuming typical steerable parabolic dishes of about one foot in diameter
operating in the |5 GHz region of K band. This is probably an upper frequency
limit for communication links due to weather 2{fects. Design assumptions
were based on the sight-inch dish of the APQ-110 TF radar.

Table IL 7-1 lists the kinds of antennas which probably should be considered
at the various locations. Where directive antennas are used for enroute funce
tions some means of pointing them correctly is required. At the relay they
must be re-directed from one RPV to another at a reasonable update rate,
For the five degree beam width case half the distance subtended is approxi-
mately four miles at 100 mile range. Hence, two aircraft, flying in opposite
directions at right angles to the beam will approach the beam's edge in approx-
imately 12 seconds. Since up-date rates are assumed shorter, antenna re-
pointing will not be required at the RPV as long as it uses an automatic track-
ing antenna, The same antenna, if used at the relay, must be repointed for
each RPV interrogated but pointing angles would not need to be recomputed
each time. Only the "last used" settings would need to be stored in memory
for »ach RPV, again assuming auto track operation.
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Tabie 11.7-1. Antenna Types Considered

Locaticn and Purpose

e Control Link Sensor Data Potential Use
of Antenna ‘Commend Response Up-Link for Navigation
On RPVs
Enroute Phase .
Transmit on F2 DNA Gmni, sector, Not in use Yes
or steerable
dish
Receive on F1 Omni, sector DNA DNA Yes
ot steesabile
dish
HF Raceive on F3 Horizontally DNA DNA ?
polarized
loop
Over Target Phase '
Transmit on F2 DNA Steerable dish Steerable dish No
and I'4 (required)
Recelve on F1 Steerable dish DNA DNA No
HF Receive on F3 Lowvp (if HF DNA DNA No
is used here)
'ON RELAY A/C
Enroute Phase
Tranamit on P Omnl sector, DNA DNA Yes
phassed array,
or azimuth
scanier
Racelveon F2 DNA - Omni, sector, Not in uss Yes
phased array
or szimuth
scanner
- Over Target Phase ,
Tranamit on F1 One sicerable dish per RPV or & phased array with one No
and receive on phase shifter sisembly per RPV
F2and F4
AT GROUND STATION
Transmit Steerable dish DNA DNA Yes
per relay A/C
~ Receive DNA Steerable dish Steerable dish Yos
_ per relay AfC per relay A/C
HF Tranamit on F3 Horizontal DA DNA Yes
‘ dipole
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Table II. 7-1 indicates that a steerable dish, or equivalent array, is required
on the RPV because of the critical sensor wide-band data up-link. To save
weight and space it should also be used for all other functions. It can be
steered or pointed to the relay A/C by automatic tracking equipment, and
thus be independent of navigation functions.

Relay station antenna choices are not so clear cut. Control during the enroute
phase would be most desirable via an omnidirectional antenna since this would
avoid the repositioning associated with a directive antenna and multiple RPVs.
Sector antennas substitute switching for pointing, and are therefore also a
reasonable choice, The azimuth scanner operates like an IFF system in that
it controls each RPV while the beam impinges on it. If this antenna's scans
are accurately controlled and stabilized relative to true North the time delay
from a reference pulse indicates the RPV's angular relative bearing in a
manner equivalent to the omnirange.

If none of the above approaches are practical and substantial directivity is
required for control it appears that a phased array must be used becauge of
the scan rate limitations of mechanically positioned antennas.

Over the target one steerable dish per RPV is adequate since rates of change
of angle are limited, A phased receiving array might be advantageous in that
a single array could operate with several RPVs as long as an independent
phase shift assembly was provided for each.

Ground station antennas do not seem to be a problem. their choice probably
being based on minimizing relay A/C cost.

2.7.3  Operational Considerations Relative to Communication

If we assume that the cnemy will make a concerted attempt to jam the RPV
communications, both operational and technical factors must be considered
if this threat is to be counteracted most effectively. The latter aspect, dis-
cussed in the following sections, invoives such things as transmitter power,
antenna gain, modulation techniques, etc.

Operationally the utilization of any relationships with other tactical systemas,

as well as own system tactics can be of value. Further, several aspects need

to be considered prior to the establishment of the total systerns technical

approach, Some necessary assumptions must be made in responso to the
following questions:

a. What does the jammey know?
Assumptions:

1. From a priori knowledge he knows:
All details of our equipment such as frequency range, -
antenna characteristics, power, method and details of
multiplexing, ECCM provisions, etc, (Effectively, he buys
one compiete set from the US factory complete with all
documentation, )
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2. From field cperations he learns; :
#® Transmitter frequencies of relays with some delay
reguired for signal acquisition; the delay increasing
with relay antenna directivity.

¢ RPY transmitter frequencies with a greater delay,

® Transmitter frequencies at ground control stations;
if he needs to know, :

® Identity of relays beczusc of their fliglt profile and |
behind FEBA location, EM signature, etc. ‘

b. What doasn't the jammer know?

Assumptions:

1. He doesn't know which targets will be attacked until very
late in miasion time as attack break-off and deliberate
- feints are very likely,

2. Which portion of s command daca stream is intended for
s particular RPV.

3. Which relay is coatrolling a particular RPV if more than
onhe {s present.

4. The effectivity of his jamming except in a gross sense,

c. What tactice are available to enemy other than EW ?

Assumptions:

1. He may send ihinile(a) or manned interceptor(s) to destroy
- relays,

2. Use miesiles which home on RPVs if their transmitted
- signal chazscteristics permit,

3. Attempt to destroy the ground control station or launching
facilities.

‘d. What tactice are available to the Relays?

Assumptions:
1. Chango location in real time,

. If there are at least two relay A/C, reallocate cornmuni-
7o cations responsibility periodically. .
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3. Trade information transfer rate for A/J protection:

e Enroute - reduce interrogation rate.
® Over the target - reduce video up-link data rate,

Other tactical considerations relate to the possibility of cooperation between
relays of different groups of the total force; e.g., reallocation of responsi-
bility for control of specific RPVs to deny the enemy consistent means of
relating an attacking RPV to its control source. Planning activities can also
be directed towards minimization of the ECM threat as discussed in Subsec-
tion 3. 3.6, "Communications Relay Planning."

2.7.4 RPV Sangor Data Link

Most generally, a TV picture or some other scanned image is being trans-
mitted from the target area to the relay. This information can be either in
analog or digital form, This link iz the most critical one of all RPV com-
munications links since it must transmit wide-band information and, due to
the geometric arrangement discussed in Subsection 2.7.2, is the most easily
jammed, Since its output is essential to the most critical phase of the mis-
sion it would appear to be the most logical place to expect ECM.,

Jamming resistance can be improved most readily for low rate digital trans-
missions, although the Interference Cancellation System (ICS) is applicable
. to analog signal transmission in some instances, as is discussed in Subsec-
tion 2. 7. 7. Wide-band information links, however, are more difficult to pro-
tect from jamming since spread spectrum approaches inevitably increase the
. occupied bandwidth by several orders of magnitude; e.g.,, 5 Mhz becomes
50 MHz for oaly 10 dB A/J margin thus further complicating synchronization,
etcl .

One aspect of the data's nature that does help is that it is generally redundant,
hence loss of some percentage of the transmitted frames' can be tolerated.
Thus one might perform integration of successive frames/scans to improve
SNR or perhaps shift to another frequency slot whenever jamming is detected,
If done in & pseudo random manner this can be fairly effective approach with-
out introducing excessive complication; as long as a command link is available
to initiate the frequency shifts.

é The most elegant approach of course is to reduce the transmitted data rate
& through redundancy elimination processes, However, such approaches are
j outside the scope of this study.

- At the target, RPVs will have no range advantage over the jammer; hence
they should use a steerable highly directive antenna to increase their signal
lavel relative to a ground based jammer which has no size and weight limita-
tions. Also the same antennas, and perhapis the same R-T equipment, via
mulitiplexing, should be used for '"over-the-target'" control, Since control
data rates are lower than sensor output rates they can be easily provided with
additicnal A/J margin to insure reliability of control functions.

i i g St - Hrcs
[
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Some of these aspects were discussed previcusly in conrection with antenna
selectiop in Subsection 2, 7. 2. ~

2. ‘7,5 RPV Command and Response Links

Initially the operational aspects of this function are consi’ered, The assump-
tion is that a given control stgtion will be responsible for multiple (up to 25)
RPVs for both the enroute and on-target phases respectively of each RPV's
mission, It is also assumed that control transmissions are digitzl and may
be discontinuous; i.e., enroute and RTB the RPVs can fly and navigate them-
selves automatically with only occasional corrections.

The jammer must be prevented from either controlling the RPV himself or
from prec¢luding our control, The former is easy since spoofing can be abso-
lutely prevented by cryptographic techniques which for the latter can be sim-
ply extended to provide an appropriate A/J margin., It might be desirable if
the A/J margin was made sufficlent to allow the use as an omnidirectional
antenna, at least for the command down-link,

Since muitiple RPVs are assumed, three means of establishing a command
link to each can be considered. These are: 1) assign a separate link to each,
2) uce a multipjexed gingle link (FDM or TDM), or 3) use a singie link witha
separate address for each RPV. Combinations of these can, of course, also
be surmised. » ‘

Response linke could be handled similarly except that self interference
between RPV responses must either be prevented absolutely or bs of ade-
quately low probability, ' '

“The simplest approach appears obvious, i.e,, associate a given RPV's re-
sponse with the command causing it to respond. Since we have assumed that
cryptographic security is required, each RPV either has his time clock syn-
chrenized with the other RPVs, or is brought into crypto sync periodically by
means of & preamble. To maximize efficiency the frequency of command
transmissions must bs considered since the preamble is either equivalent to
an address or must be followed by an address, The first implies a separate
crypto key setting for each RPV while the latter assumes the same setting
for all, :

The simplest approach appsars to he the use of a common key with RPVs
assigned unique time slots (equivalent to addresses) in a repetitious frame
structure, The relay aircraft then transmits continuously, or at least period-
ically, which maintaine sync at the RPVs, and each RPV responds in another
unique time slot either periodically or only in response to.command receipt,
‘These RPV responses can thus use; 1) the same frequency (time slots
reserved for responses), 2) a different frequency in the same band, or
3) perhaps use his sensor up-link frequency, The latter would seem practical
:g;}; ;_l:ri-ag the execution phase hence either 1) or 2) must be provided in
idition, ' - - '

R S
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The encrypted, time slotted TDM approach appears to provide the least
information to the jammer since all that he can distinguish may be the exist-
ence of a given RPV's responses through radiated energy measurement.
Time slot assignments could also be variel in a pseudo random manner to
prevent him from burst jamming either commands or a RPV's response time
slot from a priori knowledge of frame length, etc, Randomly occurring re-
sporises from several RPVs wo uld seem to make DF or homing quite difficult
unless the angular differential between RPVs and the jammer's intercept
receiver are quite large,

If desirable, the command message structure could also be varied such that
an RPV would respsnd only when directed to do so.

One aspect of continuous, periodic, or even of relatively long duration com-
mand transmissions is that a radiation seeking missile could be used to
destroy the source of command transmissions just as an anti-radar missile
can easily destroy any radar not taking appropriate counter-action. This
aspect requires further study but appears to indicate the use of different fre-
quency bands for the enroute and over the target phases. Also multiple relay
A/C, with periodic transfer of function would provide more security against
this form of attack, Directional antennas on relay A/C appear of value also,
{for this, as well as ECCM reasons.

2.7.6 Selection of RPV Communication Equipment

Since cost of RPVs must be minimized the possibility of combining the func-
tions of navigation, flight control and communication i one set of equipment
should be considered. If one assumes that an RPV's equipment must, as a
minimum, include; 1) an autopilot for course and attitude stabilization, and
2) control (command and response) and sensor data links, what approachea
to RPV navigation will minimize the cost?

Five possible methods of measuring an RPV's position are:
a. Inertial (rejected as being too expensive).
b. LORAN |

c¢. Radio ranging from relay (requires two relay positions to
determine RPV position).

d. NAVSAT (rejected because it takes too long between fixes).
e. TACAN, etc.

Of the above only ¢, is potentially combinable with the relay to RPV commu-
nication function, All others will require extra RPV equipment. Ranging
from the relay itself also does not require any other navigation equipment cr
aids in the area of operations, However, the command and response links
will need tc be appropriately modulated in order to sense range unambig-
uously. There are several means of doing this from using psuedo-noise
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sequences to simply counting doppler cycles, Since the latter requires
continwous reception, the former appears more practical and also more
consistent with providing security and ECCM.

It might also be poasaible to combine the terrain following radar function with
the command and response links since time multiplexed operation is assumed.
R~T equipment would thereby be reduced, however separate antenna{s) would
be essential for the radar terrain follower - altimeter portion. This Is an
area requiring further study and may not be feasible due to differences in
optimum operating frequencies.

¥igure 2. 7-2 is a block diagram of RPV equipmeat assuming the use of
shared equipment as discussed above. As discussed in Section 2.7.2, a
steerable dish appears to be a requirement, considering the ECM threat.
This antenna must be continuousiy pointed at the relay A/C and this can be
easily accomplished by automatic tracking of control transmissions without
requiring coupling to the RPV's autopilot. Ideally, two identical antenra
assemblies might be used; one forward for terrain following, and one aft for
communication.

2.7.7 Description of Relay Station Equipment

It is not the purpose of this :tudy to describe in detail the various items of
communication equipment on either the relay or RPV. Rather, several vari-
" ations in approach have been suggested in the interest of minimum RPV pro-
duction cost, minimum ground navigation aids, etc. However, these varia-
tions may imply expense in terms of relay complexity,

Figure 1, 6-2 of Section 1 indicated the major functions required at the relay.
Antenna(s) size dopends on transmitter power output and data rate as is usual,
however at the relay, greater directivity (and power gain) might be used for
improved ECCM. Antenra considerations were discussed in Subsection 2, 7.2,
together with various means for controlling or pointing each type,

On beard communication data processing may tavolve antenna pointing compu-
tations or navigation algorithins; e,g., for a LORAN-Inertial system, Proc-
eesing taske on board the relay may be increased to minimize either the
amount of data exchanged, or the trequency of command transmissions, or
perhaps reduced in favor of similar operations at the ground control station,
Qt(ﬁ- - *

Maturally, there will be many items of electronic equipment on board the

. rolay airvcraft which are not directly associated with the RPV miasion,
Included are such things as radar altimeters, navigation aids, radio R-T units,
etc. Some of these might be useful or ancilliary to RPV operations but are
avt subject to discussion here,

2.7.8  ECM Vulnerability Considerations

Often data links are initially designed to provide adequate performance con-
sidering only natural phenomena. Inevitably EW considerations will impact
both hardware and operational cspects.
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Assuming that some form of spread spectrum approach is used to provide
A/J margin the following changes are likely:

a. For digital systems, internal clock rates and RF bandwidth
will increase by the gross A/J margin; e.g., by 10° for 30 dB
etc. Where crypto security is already included, the impact is
primarily one of increasing synchronization accuracy require-
ments, For frequeacy hop schemes, frequency synthesizer
complexity will increase.

b, For analog systems perhaps the only measures available are
increased power, or antenna directivity, or changes in the mode
of operatien. One other possxbility, applicable to either analog
or digital transmission, is the Interference Cancellation System
{ICS) which is discussed in the final paragraph of this section.

c. Signal acquisition times will probably increase due either to
requirements for tighter sync, or sharper antenna directivity,
or both,

d. Reliability and Maiantainability can be expected to dec. ease with
the increased number of parts, etc.

e, Possibly on board data processing requirements will mcrease
to support c. above,

Anti-jamming tactics which might be employed are; 1) the use of additional
relays as discussed in Subsection 2. 7.2, or perhaps also additional RPVs,
2) direct physical attack on the jammers themselves by radiation seeking
‘misailes (a apecial RPV), 3) periodic coordinated shifts in operating fre-
quency, whose cffectivity will depend on the enemy's reaction timie, and

4) combinationa of 1) and 3) such that the jarmmer cannot concentrate on a
single relay/RPV combination,

Other effects such as planning impacts are discussed in Subsection 3.3, 5,
2.7.8,1 Automatic Interference Cancellation (AIC)

The block diagram in Figure 2,7-3 illustrates the essentials of interfering
signal cancellation for the two cases; 1) a colocated "friendly" (Connection A)
transmitter, and 2) an example of one approach to the cancellation of a jam-
‘ming signal (Connection B). More than one signal can be cancelled if a servo-
machanism and reference signal is specifically provided for each., The FAA
uges a system which protects a receiver from up to four fixed-tuned local
trangmitters; all sharing the same antenna, Automatic systems with servos
can track varying frequency interference, having aribtrary modulation
characteristics and wide bandwidth.

" The principle is exceedingly simple; merely adjust the level and time delay
{RF phase) of the interference reference to equality with the interference
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actually received so that it can be subtracted from tne receiver's composite
input, The servo does this automatically for any signal type through auto-
correlaiion, Note that a signal "path" is being simulated, and not the inter-
fering signal itself. A raage of 60-80 dB of cancellation is possible in a
practical case, as long as tie interference does munt vary its spatial position
more rapidly than the servo can follow. This is unlikely in most instances.

- Extension to EW requirec that the jammer signal exceed the noise level and

“ be stronger than the desired signal in order for the autocorrelator to control
the sexrvo, Hence, at "Connection B'" the jammer is '""e€nhanced', relative to
signal, by steering the anteuna''s null toward the desired signal!s direction.
Note that the conventional antenna nulling techniques attempt to achieve null

~ against an uncooperative '"target!" (the jammer) and also that multiple "nullers"
are required Jor multiple jammers, Other approaches are possible, for ex-
ample, a low order of spectrum spreading (< 10 dB) should suffice without
requiring the use of separate receiver and jammer reference antennas,

The advantages of Automatic Interfereance Cancellation (AIC) for EW include
the following:

&, Provides >60 4B A/J which exceeds that poseible with
spread-gpectrum schemes,

a, Operable with analog signals such as TV or other '"scanning"
devices,

c¢. Introduces no additional sync problems.

d. Can be added "in front' of existing radios, analog or digital.

R Thke AIC approach described above as an sxample is not directly applicable to

R the RPV-to-relay link where jammers are colocated with targets, The basic
;e _' requirement is to obtain a reference jammer gsigral which either does not
i : include the desired signal at all or only at a level negligible compared to the
G ; jammer's level. Negligible in this case might be only -2 dB,

One cannot assume that the jammer will coopsrate by using excessive power,
however, this relative level is not easily determined remotely. An RPVisg
signal level will presumably decrease as it approaches the target {due to an
increasge in range}. It could alsc be controlled via the command link if this
were an appropriate tactic, Also, the RPV signal can be made intermittent
on command, hence it appears easy to obtain the jamming signal alone.

To summarize — ICS appears to he worthy of serious consideration for the
‘ RPV-to-relay sensor up-link, Should this be 2 digital link it appears that
) about 10 dB A/J margin would be sufticieat with ICS and the resultant

, complexity is sinall,
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2.7.9 Areas for Further Investigation

Severzl areas appear worthy of further study, some being related to technol- -
ogy and others to cost minimization. Previous subsections have suggested
alternate approaches, as in Subsection 2. 7.6 where a single frequency band
and set of RF hardware was proposed for command re ception, response trans-
mission, for both functions of a terrain following radar, and for a range meas-
uring link. Separate antennas would, of course, be required for the terrain
follower. This particular suggestion is a complex ons to analyze, involving
both systems performance and hardware cost trade-offs.

The new use of the command and response links for RPV range measurement
definitely appears worthwhile and might be considered a minimum objective
because the measurement of RPV range directly from the relay provides sub-
stantial advantages., One range does not determine position of course, hence
two measurements from two known relay positions, either for two separate
A/C, or two different positions of the same A/C, are needed. Depending on
the relay antenna used, it may also be possible to measure angles to estab-
lish RPV position,

The use of HF for a one-way command link directly from a ground station(s)
to all RPVs has also been suggested. The low data rate makes this non~line-
of-sight transmission mode practical, provided that horizontally polarized
antennag are used, since these emphasize the ionospheric path for all dis.
tances under consideration. However, oniy one -way operation cas be ser-
iously considered because the only practical horizentally polarizad HF antatna
for RPVs is a loop which, because of low efficiency, is only suitable for
reception. Such a link could also be employed to measure time, hence _
approximately range, for transmission from the ground station to a pariiculay
RPV and back to the relay A/C via the LOS command response up-link, The

_relay A/C would know the time of arrival of the direct HF signal and the sum

of the transmission time to the RPV and the time delay on the RPV to ralay
up~link, Since he already knows the latter, he knows three sides of a triangle
and can solve for the RPV's position unambiguously.

The time delay on the HF link is not directly proportional to :adge because of
ionospheric reilection, howaver corrections can be entered through data proc-
casing either on the ground or perhaps at the relav, C ’

Resulting errors appear to approximate a small {raction of a millisecond,
hence, the usefulness of this function may be partislly dependent on geometry
as errors aleng a chosen course ‘may be lese significant than ¢qual cross-
range uncertainty. Obviously, further study of the accuracy attainable is
necessary.

The use of highly directive antenna on the relay will require correspondingly
high pointing accuracy. If rapid switching hetween RPVs becomes necessary,
a phased array might become an absolute réquirement. Study of the data
processing impact for a given pointing requirement seems essential, Also,
pointing computations would appear much easier if the antenna is placed in an
automatic tracking mods when close to the correct angle. '
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SECTION 3
DRONE/RPV COMMAND AND CONTROL

3.1 DEFINITION OF COMMAND CONTROL FUNCTIQNS

There are two different cspects of RPV command and control, Onme, physical

control, insures that the vehicle executes the specific planned mission, The

second aspect, force control, insures that RPV as a weapon system is used,
alone or in cocrdination with manned missions, tn achieve force objectives.
Table IIl, 1-1, tabulates the Command and Control Functions under these two
broad titles. These functions are derived from the comparable functions for
manual systems, B

Table II[, 1-1, Drone/RPV lst Level Command and Control Functicns

Mission Monitoring,

Mission Planning Immediate Mission
Preplanned Planning, Replanning
Miasiona and Adjustment Physical Control

Planning.

Migsion Require-
ments Analysis

Resource Analysis| Resource Status Launch
: ) Monitoring
Apportionment Mission Execution Enroute Control
Monitoriang A
Unit Assignment Miosion Adjuatment Over the Target

Control (Strike)
® ‘Tavget Penetration
o Target Acquisition

Detailed Mission Direction
Mission Replanning

» Over-the e Msn Reqmts Anal,

Target Opera-

tions (Strike) | o Detailed Men Planaing Delivery Maneuver
® Qa Station ' Weapon Release
- Opersiions BDA )

(SW, RECCE)

' Egress Maneuver
Route Planning

RTB Control

\ia\sﬁ'ch_ / l:w:;very ® Recovery Control
ommunications
Relay Plamning | RS e
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Subsection 3, 2 documents the requirements for physical control of the RPV.
Where options exist, the eifects of viable alternatives are established or,
alternatively, the assumptions necessary to select an option are documented,
Subsection 3, 3, documents the impact of RPV on the Force Control functions.
Where applicable, the differences between pure RPV force only and a mixed
force (including maniied aircraft) are assessed, i

The interrelationship between the Force Control functions, the physical con-
trol capability, and the RPV baseline system capability is, in some areas,

2 very complex trade-off chain, This study adapis the system capability
developed undar the Air Force funded multimission studies for the RPV
baseline, Where appropriate, the impact of viable alternatives are assessed,
From this depatture point the vehicle physical control requirements and im-
plementation concepts are developed. The impact of these requirements on
detauiled mission planning and other Force Control functions are then assess-
ed, and implementation concepts at the function level are developed. Systern
perforniance requirements are developed, assembled, and allocated to TATS
elements and/or the RPV functional unit, and the system configuration and
performance requiresients-are established., Again, viable alternatives sre
identified, Figure 3,i-1, Analysis Process, Command and Control for
RPV's, diagrams the process, ‘ - o :

3.2 PHYSICAL CONTROL OF RPV'S
J.2.1 Introduction

It should be stressed at the outset that compiax (rade-off analyses would be
necessary to justify a final aliocation of functions to aiy¥ vehicle and ground-
based system: elewnents, and to select a specific metiod of implementing each
function, ~

Many of the functicns necsssary to physical control of RPV's could be per-
formed at a ground control center, on-board the RPV, or oh a communications
_relay aireraft, Examples of these funcfions would include; RPV position de-
termination, comparison of actual with planned flight profile, computation of - -
corvections to aircraft flight control sattings, determination of weapon re-
- lease point, etc., Many functions could be performed with various degrees
of automation; for sxempls, target recognition could bé performed by a
human operator using remoted RFV sensor imagery, Alternstively, varicus
techniques of automatic pattarn recognition could be employed, sither as an
adjunct to, or instead of, the human operator. Further, the possibility of a
completely blind weapon delivery system, relying upon precise navigation
and target location, conld be considered.

oy most aystem functions, seyers! sltersnative implementation methods are
available, For example, a varisty of navigation systems, such as LORAN,
OMEGA, TERCOM, CLASS, etc, are potontial candidates for RPV use.

An optimum, integrated system design would thevefore require a compre-

hensive cost-effectiveness analysis, considering such factors as air veéhicle
vuluszabliity to enemy ground-to-sir weapons, vommunications vulnerastility
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to jamming, weapon delivery accuracy, target acquisition probability, etc.,
for various alternmative allocations of functions, implementation methods,
mission types, tactics, and flight profiles.

The more modest aims of the present study, in considering the subject of
physical control, are to suggest techniques and methods of implementation
that appear reasonable or fruitful for further study, The conclusions reached
herein are based upon several assumptions, which are documented in the
discussions of the various problem areas., The value of the conclusions,

of course, is a function of the validity of these assumptions. A number are
highly judgemental and, although they appear reasonable, would require
detailed analysis or experimentation to fully validate them,

In the development of this analysis, a baseline system is postulated, to pro-
vide context for the consideration of various problems and to make quantita-
tive estimates of various load factors, In this baselinesystem, various
functions are allocated to Drone Control Facility, Relay Aircraft, and

RPFV, and specific implementation methods are aasumed (e.g., LORAN is
postulated aa the navigation system, with position-determining calculations
remoted to the DCF), It should be remembered, however, that this base-
line system ig tentative, and was used primarily as an analytical tool,

Subsection 3,2 identifies the functional capabilities that must be provided
to maintain control of the vehicle from launch to recovery. Assumptions
concerning the principal RPV capabilities that significantly affect the exer-
cise of physical cantrol are:

a. Itis asmimed thet there is an automatic flight control system
(AFCS) in the RPV, The AFCS will, at a minimum, provide
the capability to maintain & flight attitude (direction of flight
plus leval flight or rate of climb or descend) established for
the vehicle, Additionally, the AFCS will activate the control
surfaces necessary to execute maneuvers, a turn angle, or a
rate of climb or descent directed by an input command, Addi-
tionally, it {» assumed that the AFCS will be coupled with the
tervain following radar to maintain a preset terrain clearance.

b. There will he a coupling between the steerable electro-optical
{EO) system and the AFCS which will enable the AFCS to
initiate turns and climb or descend maneuvers which will
maneuver the vehicle {nto a line of flight at which the zero
satting on the eleciro-optical aystem (the setting that aligns
the electro-optical sensor with the weapon boresight) is on the
slactro-optical aiming point,

¢, Positloning and mairitaining the electro-optical sensor on an
- siming point will be initiated by an operator at the weapon
“control consols, Signals controlling the EO sensor will be
automiatically generated and transmitted to the RPV aver a
cammiand link, Coupling between the. electro-optical sensor
and the AV'CS will be enabled and/or disabled by the operator.
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Given these capabilities on the RPV, the functions that must be provided to
exercise physical control can be listed (Table Ul 2-1), Column 1 identifies
the functional area, Column 2 the associated operational requirement, and

Column 3 the application of the capability.

The fi: st two functione listed,

Navigation and Communications, are required by the operation concept. The
performance requirements for navigation are coustrained by cost factors,
and other complex trade-offs, such as navigation accuracy versus require-

ments for target acquisition,

Subsection 3,2, 3 reviews the results of pre-

vious studies of navigation systems for RPV arndi, based on selected imple-
mentation methods, develops requirements on the DCF relatéd to obtaining
and maintaining RPV position data.

Table 1lII,2-1,

Physical Con.rol Functions

Function Requirs:mént Appiication
Navigation Establish position of RPV | Neceasary so cor-
in near real time rective controls
can be applied
Communications Provide cor.munications Position and status

Status & Position

Flight Control,
Enrouts, Return to base

Flight Control,
Eunroute, Reiurn to base

Control, cver-the-
target Strike mission

Control On Statioa
Elsctronic Warfare (EW!

" Control Gversthe-tacget
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time BDA, ‘

Necessary to a-
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objactive

Necossary to a-
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The performance requirements for the communications system are derived
specifically from operational requirements, such as secure jam-resistant
communications with multiple RPV's and visual acquisition of a target to
schieve required CEP's, Communications Yequirements are also derived
from the method of exercising flight control and the amount of status data re=
quired for various mission phases, Subsection 3,2,2, Communications Sub-
system Baseline, describes the communications system assumed for the
RPV, based on the requiremente and concepts developed under the multi-
mission studies and compatible with the requirements to exercise physical
control defined in the present study, The concepts for physical control and
the associated communications, data processing and operator requirements
are developed in Subsections 3,2.4 through 3,2, 6,

3.2,2 Communications Subsystem Baseline

This subsection describes the communications system which has been
assumed for study purposes. The goal was to select a reasonable baseline
syatem so as to develop physical control procedures which are compatible
with the communications syatem, and to establigh the impact of the commun-
icationa subsystem on the DCF ADP system. The approach selected is
judged cost effective, considering operational requirements and communica-
tions technology, Data developed under the Air Force funded studies are
specifically included,

Two basic communications links are postulated. One is a sensor link trans-
mitting data for target acquisition and lock on, The other is & command
response link used to receive data from the RPV and to transmit control data,
The senaor link for the Strike RPV is a special requirement, The assump-
tion is that it is provided, The principal alternatives that exist relats to bit
rates required to provide the necessary resolution, but these do not signifi-
cantly impact the physical control function, The command response link
introduces more operational fuctors impacting system design, Excluding

the special requirements of over-the-target opsrations for striko missions,
the command response link is characterived by the requirement to period-
ically or aperiodically contact many RPV's (up to 20 per RPV unit) distrib.
uted over enemy territory, and possibly hundreds of miles apart, Opera-
tional requirements considered, normal contact intervals with each RPV
should not exceed something like cne minute, while cortact intervals around
10 seconds are satisfactory minimum for design purposes. Contact intervals
of less than one second do not appear operationally useful, On each contact
the information exchange required is low; {requently no information need be
exchanged except that needsd to maintain navigation position. '

Over -the«target considerations are quite different, The sensor link must

be maintained. Additionally, the command response link must be available

to a given RPV on demand within {fractions of seconds. For certain appli-
cations no unpredictable delay is tolerable, Compared to the enroute phases,
information exchange on the command response link is relatively high,

3.6




Based on such considerations, the following concept is assumed, Two
command respense links will be available, One is designed for enroute
control, the other for over-the-target control, The concept is such that
the one can provide backup for the othar, although there would be some
degradation in the total system capability,

The enroute command responee link is a steerable beam with a beam width
of less than 5°, RPV's are contacted on a round robin basis. The contact
interval per RPV mission is in the order of ten seconds, This implemen-
tation requires a determination of pointing angles for each contact. The
concept 2ssumes that this is accomplished as follows:

Normal method: With 10 second contacts, an RPV approximately
centered on a communication beam footprint will not have moved
out of the footprint before the next contact., The relay aircraft on
each contact nulls on the signal which provides the best pninting
angle, azimuth, and elevation for the relay aircraft, The RPV
pointing angle is the recipreocal of this, which is transmitted to the
RPV as a command., This function is presumed to be performed
on the relay aircraft.

Initial acquisition, and reacquisition if contact is lost: For the
initial contact and during handover between multiple relays, the point-
ing angleis calculated using the position of the relay aircraft andthe
expected position of the RPV when the first contact is to bemade, To
reacquire an RPV that has been ''lost, "' or one that has been predict-
ed to be out of contact because of terrain masking (see Subsection
3.3.3) the pointing angle is calculated using the pouition of the relay
aircraft and the predicted position of the RPV, This function is allo-
cated to the DCF, Assuming an initial calculation of pointing angle
and a calculation to reacquire once each five minutes, 12 calculations
per mission are required (average mission time: 60 minutes),

Over the target, the second command response link is eatablished on the
broad band link used for the sensor data., Although the primary sensor link
is one-way (from RPV to relay) the antennas can be used to establish a
command link in the opposite direction (see Subsection 2,7.4)., A pointing
angle is calculated for each pop-up point, or for some point prior to pop-up
if desired, Once established, the relay aircrafi tracks the RPV continu-
ously and transmits commands as necessary, The RPV reaponse is multi-
plexed on the video link providing near instantaneous status dats. (see Sub-
section 3,2,.6.4), Commiands are transmitted irom the relay aircraft sensor
recelving antenna, providing a command link on demand, Since this antenna
may be pointed in any direction, it can be pointed at any RPV enroute and be
used to back up enroute command response communications, The sensor
link under these circumstances can be used for visual reference or navigation
fixes. Program requirements to calculate the pointing angles are identical
to the enroute phase, Assuming two targets per strike mission (two actual
strikes, or an over-the-target abort and divert to secondary target) and one
visual fix enroute there are on the average three calculations per strike
miseion, ;
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3.2.3 Navigation Subsystem Baseline

This subsection describes the navigation subsystem which has been assumed.
The purpose i to select reasonable baseline alternatives so physical control
procedureu can be developed which are compatible with the navigation system
capability and so the impact on the DCF ADP system can be established,

Data developed under the Air Force funded studies are specifically considered.

It was assumed that the navigational accuracy provided by the system ranges
from 300 feet to 1500 feet at maximum range (over-the-target pop-up point),
Trade-offs within these limits significantly affect the electro-optical sensor
design requirements but do not significantly affect the physical control func-
tion, The primary candidate systems, as developed under the Air Force
funded studies, are LORAN and the Omega System,

Coneidering LORAN, it has been suggested (Reference USAF Rand Project
Repore) that the use of a fully self-contained system on the RPV would be
expensive and unnecessary. For RPV application, an implementation in
which the RPV retransmits the LORAN signal received by the RPV over the
respouse link with the actual navigation computation being made in the DCF
(or possibly the relay aircraft) would be more cost effective. Applying this
concept and drawing on data available for other applications, it has been
estimated that the data transmitted by the RPV needed to make the navigation
fix calculation is 40 bits (Time differences of LORAN Signals Master Slave #1
and Master Slave #2). The egtimated data base required in the DCF to calcu-
late navigation fixes is 280 data words (36 bits) each, An additional 15 words
data base and 100 instructions are estimated for tracking, position smoothing,
and velocity computations. Program requirements are sstimated to be 675
instructions,

The LORAN algorithm on which this computer requirement is based conaists
of; 1) a control module, 2) » range and bearing computation module, 3) a time
difference computation module, and 4) a LORAN position error estimator,
Thil slgorithm has been-imnplemented and does perform satisfactorily.

The position smoothing and velocity computation algorithm used here for
estimation purposes i¢ & DSD-developed modified Kalman filter, It has been
incorporated in several operational iystems (CEDPS, T8Q-73), where it

operates in a track-while-scan mode., In the RPV context, performance can
be improved by making explicit use of the priori knowledge of the time of
ogcurrence and the axtent of vehicle maneuvers,

A”uming a 16 second upaute rate per RPV (see Subsection 3,2.2), the dead
reckoning navigation errors that can devslop (horizontal wind is the principal

variable) sug the inherent saccuracy of LORAN, navigation updates more

tnquoatl.;r g 10 ssconds are not vequired. Lees frequent update rates

are tolexable, though conditions can occur in which update rates that signii-

icantly exnoed 10 saconds are undesirable, Considering that the processing

nqulué £0 Exw&dc » navigation fix is approxirnately 775 instructions with

» 10 ”u&ﬂ spdate rate and 20 RPV's to be updated, the processing rate is

1350 m#mctieue/ second which is not excessive., It is concluded that 10

ppc mvlpt{m; npdn&an per RPV allows success in attaining mission objectives.
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Considerations of the Omega System are similar to LORAN, Specifically,
use of the Omega System instead of LORAN introduces comparable data
revorting and processing requirements, This alternative does not signifi-
cantiy impact the physical control function nor the DCF data processing
requirements, R
A third viable candidate, described in Subsection 2.7.9, uses the Commun-
ications Command response links to establish navigation position, Given
two relay aircraft, it is relatively simple to provide a time measuring
scheme that can be used to measure path lengths to accuracies on the order
of 100 feet, The additional system requlrement is to provide the capability
to automatically solve ii> geometry problem to yield RPV position, Quan-
titative estimates on the ADP support requirements have not been developed
but they are modest, :

The aolution is attractive since, with this immplementation, the RPV System
is gelf-sufficient. It does not require a separately deployed navigation
system in employment areas where LORAN or Omega are not in place. The
disadvantage is that twe relay aircraft are reguired to provide the rnavigation
fix, There is, however, some possibility that a satisfactory method can be
provided to measure distance from the DCF to the RPV using an HF Link.

3.2.4 Status and Position Reporting

There ares basically thres positions that might be considered in status and
pesition reperting, One poaition is to report data providing continuous or
frequent assurance that the systoam is functioning normally; i, e, that there
are no malfunctions. To achieve this objective, the atatus of all critical
system elementa must be reported, and therefore, reporting requirements
are maximired, A second position is to report malfunctions only; i.e.. to
report by exception. Such an implementation prusupposes a capability to
identify ail failures or deviations from normal (or standard) that can occur
and predetermine whether the failure or deviation affects miasion success,
Status reporting requirements, however, are minimum. The problem is to
predetermine what failures and/or deviations are significant, In practice,
the third position is most common, Actual reporting requirements are a
compromise between the two extremes. Failures or deviations are reported
that may or may not significantiy affect success. The decision to take cor-
rective action or plan for contingencies, should subsequent reports show a
need for corrective action, is allocated to a human operator. In addition,
certain status data that provide assurance that operations are proceeding
normally are also reported,

This subsection develops data on the reporting of RPV status and position
data, The basic position results from the following argument:
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a. All malfunctions affecting mission success should, ideally, be
reported,

b, However, the cost to predict and detect all malfunctions that
can affect mission success is high,

c. Operator assurance that the misasion is being executed success-
fully is also important,

d. The cost to generate, comrnunicate, and process reports is a
significant factor in selection of data items to be reported.

¢. The Status data that is reported must be the basis for making
physical control decisions and generating control commands,

Since operational requirements and cost factors depend on the missisn phase,
reporting reguirements are addressed by mission phase, Table III, 4-2
Status and Position Reporting Requirements, sunmarizes the requirements
that have been devoloped, The considerations used to develop these duta
are:

PRELAUNCH: A vehicle hae boen selected for a mission, configured as re-
quired by the mission plan, checked and determined to be suitable for the
miasion, and poasitionad on the RPV launcher, At this point in the process,
a final prelaunch check iz made to provide assurance that all preparations
for launch have been accomplished and that selacted system elements pass
prelaunch testa. A ground communications link between the launch facility
and the DCF is assumed 20 the cost of transmitting status data is, within
ressonsble limits, independent of the amount of data transmitted. The
limiting factors are what can meaningfully be tested at the launch site and
what can practically be assimilated at the' DCF, It is assumed that a

check list of about 30 items is reportrd to the DCF and diaplayed on a
tabular display, Assuming 25 characters per item, one byte per charac-
ter, this is a 750 byte message, which can be formatted for display on an
80 charactor per line, 15 line tabular display. It imposes nc significant
ADP or display system requirements. Assuming that usually the system
checks OK, typical uperator time to assess the report is judged to be 30
ssconde (time to read and determine that all itemas are OK is approximately
10 seconds).

LAUNCH: The prelaunch checkout has been paseed and engine startup is
dtiated, Following engine startup, another sequence of checks and status
reporting is initiatad, Types of data reported include engine RPM, fusl
flow, engine pressure ratio, oil pressure, hydraulic pressure, ets, Addi-
tionally, control responses are checked by initiating preprogramimed tentrol
instructions and by receiving status data on the response to such cenirrd
instructions, As with prelaunch, communications are over the groui 'nk
and are not a significant performance parameter, (Meessage lengt: is'wesum-
od 20 be 100 bytes.) A launch checkout program is required as is a sistus
diaplay for the aperator, Operator time is judged to be 30 seconds. The
£final opsrator action is to initiate launch,
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ENROUTE AND RETURN TO BASE: Requirements to report status of the
RPV enroute are primarily based on the concept of reporting by exception,
with complets status reported oniy on demand. However, position data,
communications status, and overall RPV status are routinely reported.
These latter requirements are derived in part from the physical control
procedures that are described in subsection 3.2.5 and in part {rom the need
to provide assurance to the human controller that the missicn is proceeding
as planned, Applying these concepts, the following status raports are
assumed:

a, Acquigition of the RPV by the communications system verified,
This sccurs once per acquisition, and two bytes is assumed as
the message size,

b, Position Data is sent each 10 eeconds with 40 bits per trans-
" mission (see subsection 3,2, 3).

¢, Communications Contact Status, is also tranamitted each 10
seconds, (achieved or not achieved) and is estimated at two
bits,

d. RPV Condition Status, is reported each 10 seconds, (normal
or not normal) and ia two bits,

o, Amplii{iag data on malfunctioning au’bsystmﬁ atatus is eatimated
at 240 bits per roport, Ten reports per mission are assumed
alikough these- estimates may be on the high eide,

f. Radsy Homing sad Warning (RHAW): Assuming the RPV la
instrumented to detect acquisition by radar, three statss are
~ repsrted: OFF, ON (not activated) and ON (activated). Two
‘bits can be used to report any state, The simple solution is
to report aemplcta status on each contact,

ER-THE.TARGET ON STATION: The requirement to report status per
u ux‘hﬁ the cver-t gt phass of atrike missions is basically the same
a8 enrouts, Although sdditional status data are inherent in the video picture
this is not intarpreted as Yeing etatus in the context of staius reporting.
Special status reports sver-the-target include such information as EO sensor
. Alight control coupling snabled, lock on achieved, and bembe released, On
the oxder of 300 bite per striks are assumed. Specisl on station status
reporting for EW and Recte are similar, In response to commands to

point and sotivite sensors the facs that the command has executed is re-
ported. As with Strike missions, 300 bite are sssumed.
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RECOVERY: The operational assumption is that the RPV is recovered by

parachute, Recovery is controlled by a ground crew. Within the DCF,

there is a requirement to receive data verifying that the recovery crew is
in place and ready to assume recovery control, Certain status data are
requized from the RPV; e.g, . that tne engine has been shut down, fuel is
being dumped, etc. Data rates are low, possibly 40 bits per message.

With 10 messages operator time is likawise low; on the order of 30 seconds.




3,2,.5,1 Iatroduction

Thie section addressas the requirement to maintain a preplanned flight pro-
file and schedule. A fundamental assumption is that a preplanned mission
profile and schedule have been generated which are to be realized in the exe-
cution of the rmission, Alternate and secondary targets are preplanned and
the criteria under which a preplanned alternative is selected are established,

Generation of euch a preplanned flight profile is addressed in subsection 3,3,
Force Control Functions. This section begins with the requirement for the
physical control function to fly the mission as planned or, if this is not pos-
sible, to make adjustments to the mission profile and/or schedule as neces-
sary, Any conditions that may cause the mission not to be executed as
planned are reported to the Force Control function,

The physical control function then provides control instructions to the RPV
such that the vehicle will maintain the preplanned flight profile and schedule,
To accomplish this, it is neceasary to obtain position data on the RPV, com-
pare the actual position with the planned pesition, and establish what control
is to be executed to maintain the planned profile, Communication with the
RPV ia eseential,

Considering these data as inputs, and the basic feature of the RPV, (that the
vehicle can be controlled in-flight) there are two basic approaches to flight
control,

One approach depends upon the DCF to initiate all control necessary to
change the flight parameters. That is, the AFCS on tha vehicle maintaine
the fiight attitude and the speed or power mode initiated by the controller,
The RPV controllar is required to initiate all enroute maneuvers to position
the vehicle along a desired and preplanned profile, Frequent contact for
control {s necersary unless the preplanned profile is limited to & few in-
flight maneuvers, If the time of maneuver is critical, control directions
must be tranamittad at exactly the position or clock time that the turn, for
example, is to be initiated. X communications are lost, control ig lost,

g | The second approach isto preprogram the {n-flight maneuvers and to store the
' preprogram flight profile aboard the RPV. The RPV, while enroute, first inter-

preds precoded (nstructione and then maneuvers to maintain a planned flight
profile. Precoding slone, however, is unacceptable vecause unpredictable var-
iables, such as winde, density altitude values, engine and air frame efficien-
cies are such that position errore build up to unkcceptable levels, This
daficlency can be overcome if a navigation eystem that provides data on the
location of the RPV is available, Buch a system is inherent in the RPV Sys-
tam Concept and is assumed t> be existent for this analysin, Position data,
or data necessary to establish position, are transmitted to the physical con-
trol elesasnt, The actual position of the RPV rslative to the planned position
can be established, If the difference sxceeds a threshold value, the physical
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control element intervenes and issues corrective maneuvers causing the
RPV to re-attain the planned schedule., (These functions could, of course,
be allocated to the RPV, but the additional complexity of the RPV on-board
processor does not appear to be justified.)

This composite approach is more economical in terms of operator time, I
communication with the vehicle cannot be maintained, the vehicle continues

to maneuver to maintain the planned flight profile, These are very signifi-
cant advantages,

For either approach, accurate navigation is a requirement, Further, pro-
viding commmunications on demand to all RPVs at all times is costly, while
the cost of providing the capability to pre-program the RPV is not high.
Considering these cost factors in relationship to requirements, the com-
posite approach is selected as the preferred approach,

3.2.5,2 Physical Control Implementation Concepts

Physical control of the RPV is based on the premise that there is a pre-
programmed flight profile on board the RPV coupled with the AFCS, Without
any commands from the physical control element the RPV maneuvers to
maeaintain the flight profile and schedule as programmed, Details of how
such a precoded flight profile is generated and the data nesded to store a
profile is contained in sub-section 3,3,2, RPV Flight Profile Program and
Insertion. Additionally, the control concept includes the requirement to
be able to change the preplanned {light profile enroute. The consequence is
that it {s not necessuary, under this concept, to preload the total flight
profile, Segments can be inserted enroute in periods of communications
contact, The only constraint is that a segment must be inserted before it is
to be executed; otherwise the mission will abort.

With such a concept, if all systems function perfectly and if the planned
ground speed and path are realized within threshold tolerances, there would
be no requirement for enroute control external to the RPV, Such conditions
cannot be expected. Atmospheric winds, temperatureas, and density alti-
tudes will not be exactly as forecsst; engine thrust and vehicle drag values
will not be exsctly as estimated; and, a terrain following flight profile cannot
be exactly predicted, The vehicls will drift off course and will fail to main-
tain the pre-programmed airspeed and groundspeed, even with all system
elemente functioning normally, To compensate for this, control instructions
to adjust power setting (or m“é'{ flow) and direction of flight will be required.
With these factors in mind, the following control procedures are proposed.
Tho RPV position is established using status inputs fram the RPV (see sub
section 3.2, 3). The actual position {s compared to the planned position. If
the deviation exceeds a threshold value position deviations in hundreds of
feet, schedule and time deviations in seconds), 8 computation is made to
astablish the new heading required to make good the preplanned flight path
snd the power increase or decrease needed to adjust airepeed to make good
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the schedule times, (It is assumed that the AFCS on the RPV will maintain
the preplanned altitude within tolerance,) The contro! cornmands are gen-
erated and transmitted to the R¥V over the command link, The exact time
of transmission is not critical, All of these functions are automated and can
be executed without operator iatervention.

Under this concept, the operator intervenes only when deviations are detected
that cannot be corrected sirnply by altering heading and/or power setting,
Such deviations may result from system malfunctions that have not yet
affected the flight but that may foreshadow problems, Possible examples
are; 1) a loss of communications because of terrain shiclding or enemy
jamming, or 2) tailpipe tsmpérature exceeding a threshold value but not yet
affecting engine thrust, Excessive path deviations may be reported resulting
from extreme deviations in atmospheric conditions, RPV malfunctioning, or
navigation data error, In addition to operator intervention, all deviations
that may affect mission success must be reported to the iorce control ele-
ment of the system,

It is not possible nor even necesaary to identify all possible causés or types
of deviations, Considering, however, those that are likely, it is possible to
identify the control functions required for physical control, Table IIi, 2-3,
RPV Control, Enroute Control Functions, lists these requirements, The
list is based in part on familiarity with similar control syastems and in part
on the control functions unique to RPV and the control concepts selected,
Although sume critical functional capability may have been omitted, the list
is generally believed to be quite complete, Funciions identified with &n
asterisk are required specifically for over-the-target control of the RPV
strike miseion, They may aleo provide capabilities that can in many cases
be useful in enroute control, assuming that the use is on a no interference
basis with over-the-target control,

3.2.5,3 Physical Control, Exceptional Conditions

Under the present concept, normal flight is highly automated and corrective
control is only applied in response to unpredicted variables, However, it
muat be anticipated that exceptions requiring such control will occur, The
RPV flight control systermn must have the capability of detecting variovs emer-
gency conditione and adopting preplanned contingency instructions and/or
other emergency control, Malfunctione of RPV subsystemuy necessary to
mission complation, including lose of communicetion with the Drone Control
Facility, constitute these emergencies, '

As long as communication {s maintained, the RPV nesd not be preprogramsned
to change course in the avent of squipment maliunction, Howaver, the
specific type uf maliunction must be cormrmunicated to the DCF. The more
somplex case occurs with loss of communications, particularly on the DCF

to RPV command link,

With programumed flight profiles, a teraporary loss of communications with
the ground can be toierated for a considerable pericd of time ix the enroute
phases of a mission, For {ilustration, assume that without couree correc-
- tions from the physical costrol élesent systeni, the RPV heading diverges
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Table III,2-3, RPV Control, Enroute Control Functions

lol

11,
12

Xt

13,

14,

uo-

18,
16,

Bt
18.

19
20,

217}
22,

Compute RPV position.

Compare computed position with planned positien.
Compute speed, heading, altitude commands,
Prepare data link messages,

Determine requirernent for altering course (change legs to
affect arrival tims),

Monitor communicatiors continuity,
Generate alert messages for console operators.
Display planned vs, actual course and position,

Display situation data, including terrain, FEBA, hostile AAA,
targets for seiected portion of RPV f{light profile.

Display RPV status information: e.g., fuel, weapons, pri-
mary and alternate targets, recovery base, TOT, etc,

Generate routine reports automatically.

File recorded video, photo, IR data, on tergets and prominent
land marks for subsequent retrieval by geographic locstion,

Display filed geographic data in conjunction with live video, or
IR for easy comparison, -

Display currert RPV location and heading in conjunction with
map-orientad target data to facilitate interpretation of file data

-or as substitute for it if no previous data on target.

Maintain curreint target intelligence dats, including damage due
to other non-RPV missions; (to the extent that thia would be
useiul in recogniring target and/or landmarks enroute to it),

Monitor RPV status of on-board systems, generating alternativa
commmands {e.g., abort mission and RTB) as required. May
include computing new heading instructions.

Display snroute threats in conjuncticn with RPV current path,

Display special ingress/egress lanes for friendly territory and
for launch, recovery operations, in conjunction with launch/
recovery bases,

Activate/deactivite video/IR for check ppints,

Activate/deactivate EW and RECCE ‘sensors, provide pointing
comriands. '

Record video/IR and select portions for file.

Maintain log of significant events by location (e.g., malfunc-
tions, loss of RPV),

*Spaémc over«the-target control functioans,
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from the planned heading by 1 degree. At 600 knots, the RPV would be off
course by 456 feet after 60 seconds, or 4560 feet in ten minutes, For
enroute mission phases, a discrepancy of 4560 feet would not normally re-
quire aborting the mission, If communications were regained at that point,
the RPV's actual position could be computed, new flight,profile instructions
determined, and the mission could regain its preplanned flight profile and
schedule and complete the mission exactly as planned,

For emergencies in which onboard equipment fails, but the RPV-to-DCF
link remains operative, the onhoard processor can be preprogrammed to
report the malfunction in a standard format digital message. (This was
assumed to be the case in the discussion of status message.) The DCF pro-
cessor can alert the operator upon receipt of the message and display the
nature of the emergency in alphanumeric form in conjunction with the RPV
identification,

For certain kinds of emergencies, the timing can be so critical that it is
necessary to preprogram the RPV to take contingency actions automatically,
without waiting for control maseages from the ground center. For example,
if the terrain-following subsystem were to malfunction while the RPV was
flying at 600 knots 200 feet above the surface of the ground, an automatic
climb should be initiated without waiting for a decision by the DCF., However,
it ia not always desirable to have a fixed action automatically initiated for
a particular type of emergency.

One appioach to contingency situations, which provides a great deal of flex-
ibility, is as follows, For each basic type of contingency that can be sensed
by the RPV, a planned response is preprogrammed for each leg of the flight,
Then, if an emergency occurs, the RPV processor takes the action proe
grammed in terme of the currcxt flight leg. To clarify the ides, consider
the problem of aborting & misi.ion before the weapans have been expended,

it {s desirable to jettison stores before initiating recovery of the APV, How-
ever, the proferred course of action varies depending upon whether the RPV
in over friendly (including sanctuary), or hostile territory, Over friundly
territory, the prefarred contingency action, if feanible, is to fly the RPV
over snemy territory {or over a body of water or unpopulated friendly ground)
bafors releasing stores, Over hostile territory, when the emergency occurs,
it may ba fensible to drop the stores over known targets ca the route back to
the recovery ares,

This same principle of preprogramming contingency actions ior each leg of
the flight can by applied to the loss of communications from the ground, For
sach lag of the flight, the RPV wauld be given a spacific set of instructions
to follow {n the svant of lose of comumunicaticne from the ground; after a -
spacified period of time, For sxample, for a particular leg of the flight, the

| inatructions might permmit the RPV-to continue on its programmed miscioa

profile for 10 minutes, after which, if no command message were receivod,
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the RPV would switch to previously-prepared new heading, speed, and alti-
tude data that would return it to the recovery area,

There are two methods of implementing this approach to contingency opera-
tions, One method is to preplan all actions to be taken for each leg of the
flight profile for each kind of contingency and store these in the RPV ADP
system. The other method is to use a '"one-ahead'" approach and only store
in the RPV the contingency actions to be taken during the next flight leg, or
during the next "N'" minutes, If the latter approach is used, contingency
actions could be porformed on line, The method does, of course, imply
update of the RPV prior to the start of each leg,

3.2.5,4 Operator Requirements, Operator Facilities, and ADP Support
for Enroute Control

The physical control cperator's station requires a tabular display console
capable of displaying status data and schedule deviations, Operator controls
to select modes, to retrieve data, and to generate commands are obvious
requirements, A situstion display which shows planned flight path, actual
RPYV position, targst or on-station locations, threat zones, and restricted
zones, while not absolutely essential, would add significantly to an operator's
capability to assess the situation and deal with exceptions. As a result, a
requirement for a situation display is postulated,

The control procedures, along with the asasociated operator time, ADP
requirements, and the number of command messages required, are the

basis for quantitative estimates of aystem performance requirements. These
items are most easily presented in the form of a scenario that traces the
enroute control activity from launch to recovery. Such a acenario is pre-
senied below for a single mission, System loads are generated by muiti-
plying the single inission factors by the number of simultaneous miuions

as appropriate,

Launch acouigition: The launch procedures and the associated system capa-
bilities required have been described as a sequence of status checks in
subsoction 3,2,4, Launch acquisition is the activity required to acquire the
RPV inflight and establish inflight control. After launch, the RPV, following
its programmed fiight profile, has reached a point in space and has estab-
lished a flight attitude, Th2 communications to be established have been
preplanned, When cominunication with the RPV is initiated, a response
message containing navigation data and subsystem status mdicntes acquisition,
if this initial communication contact is through the relay aircraft, the relay

“airoraft will have been notified of launch or time for first contact and the

pointing angle to acquire the RPV, If local comnmunications are used for the
initial contant snd close-in enroute_control, these communications will be

“initiated. Handover to the relay aircraft occurs at some point enroute,
-When communications are established and a rosponse is received, launch

;cquiution has been completed and enroute control is established.




Pericdic updates: Assuming communications contact is achieved, RPV
subsystam status is reported at the appropriate interval, If all parameters
are normal, proceesing within the DCF is as follows., The time the report
is received, stored, and replaces the time of the most recent report received
from this RPV, The RPV position is calculated based on the navigation
message. The expected position is then established from the preplanned
mission profile stored in the data base, Differences in magnitude and
direction between the positions is computed, If this difference does not
exceed a threshold value, this fact is coupled with the time of the report

and stored, I the position deviation exceeds threshold, checks are made

on the validity of the status data. When the deviation is determined to be
valid, corrective controls are initiated, If the checks fail, the fact of re-
ported deviation is saved as sn indication of a potential trend, Estimates of
the size of the data base required, the size of the program to process such

a report, and the number of instructions executed is tabulated on Table III. 24,

Aperiodic Control Directives: The procedures described above determine
whether corrective control actions are to be directed, The threshold values,
for course and schedule have been preselected for the specific mission and
mission phase., (For example, schedule tolerance may be "high for a

Recce mission relative to the schedule tolerance for a coordinated strike
misesion and supporting ECM approaching the target), If corrective direc-
tives are required, the processor calculates the change in direction of

flight and/or fuel flow (or power setting) necessary to rejoin the programmed
profile st the profile segment end point. The application program uaed to
develop the precoded flight segment, described in subsection 3,3.8, is used
to code 8 new segment and transmit it to the RPV, The update rate for
control directives is obviously s function of the magnitude of the threshold
values and the maguitude of the variables (e.g, wind, thrust, drag) that
affect the RPV course and ground speed. For purposes of estimating system
loads, it is assumaed that corrective controls are calculated and transmitted,
on the average, each 5 minutes to each RPV. (This process aleo assumes
that the RPV position error did not exceed a second threshold value requiring
operator alert, Further, the magnitude of the control changes directed are
within pre-established tolerance levels.) '

: cke: It im unvealistic, to postulate that an enroute
on not te tO or naed to monitor status, even when n¢ devia-
tions are detectsd, thius, the enroute controller will pericdically or aperi-
odically check status, Rsascnable implementation procedures are many,
ranging {rom a continuonsly updated large screen group staius display, to
periodic printoute on » line priater, For estimating purposes, the following
13 assumed: Two display formats are available; a tabular display and a
situation display. The tabular format is selectabls by mission number for

a uln?lé ralesion or by mission typs and/or mission phase for groups of
wnissions. The dats may be displayed on the operator console or on a printer,

The situation display {s & display of mission geometry, planned flight profile,
and target or orbit station, The current position of the mission RPV symbols
is dispiayad, Other data, e.g. restricted sones, EOB data, are highly useful,
As with the tabular display, display content is seleciable by mission
aumber or typs mission and/or mission phase, Other data, e.g. restricted
sones, may sleo ba selecticn criteria, There it no resscnable way to
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Table III, 2-4, Operator Time, Mission Exceptions

Operator Operator
Time Time/MSN
Operator Action Rate/MSN | per Action (seconds)
ABORT MSN 10% 120 aec 12
ADJUST MSN, SUCCESS 3/MSN 30 sec 90
NOT AFFECTED
ADJUST MSN, SUCCESS 25% 90 sec 22,5
MAY BE AFFECTED
DIVERT MISSIONS AS DIRECTED 10% 60 sec 6
OPER TIME/MISSION
130,5

establish how frequently such '"confidence data' are required, One may
postulate that if there are no exceptions requiring operator attention, the
operator may continuously or semi-continuously monitor status, To the
extent that exceptions requiring operator attention develop, "confidence
checking!' will be more infrequent, Specific estimates of processing re-
quired and operator time for confidence checking is deferred to the next
paragraph, Controller Response to Exceptions Reported,

Controller Response to Exceptions: This is the primary function of the
enroute coutroller, While it is not possible to identify all exceptions that
can occur, the nature of the procedure and the ADP support requirements
can be described and generally quantified,

Three aystem elements directly impact RPV contraol functions; the relay
aircraft, the RPV vehicle system, and the launch/recovery facility, It is
assumed that sach of these systems is capable of detecting and reporting its
own failures and abnormal performance data, It is assumed that the input
message to the DCF from the RPV or the relay is a formatted digital mes-
sage, ADP must proceas the mesesage, identify it as an exception report to
be displayed, route it to the proper control station, and activate an alarm,
The contraller requests display of the message in tabular form. In terms of
the control action that can be taken by the enroute controller, there are three
possibilitieas: ,

&, The miasion must be aborted, Here, two subsets exist, If the
' exception reported is that the mission has aborted the controller
ha» no choice, If the reported malfunction convinces the con-
troller that the mission must be aborted, implementation of the
. operator decision is involved. If amplifying data on the mission,
the mission requirements, and the status of other system ele-
maents sve required, the capability to request data, process the
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request, and display data must be provided, Coordinatiox with
other controliers or a supervisor may be necessary, requiring
inter~console transfer of data, Finally, the capability to gen-
-erate, sddress, and transmit an abort message is required,

b. Mission success and successful recovery i$ not affscted. Two
possibiliiles exist. One Is that the Iallure or deviation reported
may relate to a system slement not nscessary to the success of
the missicn. Alternately, the reported exception is one which
is tolevrable or can be corrected. Schedule deviations, for exam-
ple, of a magnitude that by Standing Operating Procedures are
allocated to the controller to decide what corrective control action
ia to be applied io ennble the RPV to make good its preplanned
schedule and flight profile within acceptabie limits. No specific
console requirements exist othar than the display of the exception
massage and any other data the controller might need to insure
that measags success and recovery are not affected.

The probability of miswsion success is degraded or coordinated
missions are affacted, In this case, the controller must assess
= impact of the deviation reported and take authorized correc-
tive action to rninimize the effect of the deviation on the success
of the mission and/or maximisze the probability of successful
recovery. An exception report must be generated and trans-
mitted to the RPV force control element and to any other ele-
:}nex;tl ;ffacted. Again no special console requirements are
erived,

C,

There is one finai situstion that can be considered under the general heading
of dealing with exceptions. This ic the situation where the force control ale-
ment directe & change to a mission flight profiie and/or schedule, The as-
~gumption here is that if & deviation is planned by the force control element,

- the new flight profile will be planned and coded s0 it can be transmitted to the
‘RPV. The RPV is capable of receiving an updated profile and, in response
“to coded sagments, fly the new peth. In this situation, the divert message

is diapleyed te the controller, The controller requests and receives a dis-
play of ths APV mission being adjusted, ‘ta previous flight profile;, and the
neéw flight prafile, He verifies that the point at which the new profile is
chainad to the old profile is forward of the current position of the RPV, (If
this condition does not axiat, an exception exists of one of the types previously
described.) He hen teansmite the new profile to the RPV and verifies that
‘the messige is received, - '

. Factors devived undir the SEEK ¥ LEX and TACC studies and the Mission
~ Planner experience parmite ressonable sstimates of operator time required.
Table UL Z-4 tabulates the factars. The relevant factors are as follows:




R

Aborts: An abort rate twice that for manned aircraft, as specified for
TACC, SS001485A, is assumed, Operator time may be high since aborts
can be automatic, e.g., if communications is lost, and thus do not require
operator action, However, 2 minutes per abort appears reasonable based
upon the criticality of the decision, the factors to be considered, and the
tasks to be performed,

Mission Adjustments, Mission Success Not Affected; The activity level,

(3 per mission), as well as the operator time, obviously depends upon de-
gree of automatic adjustment which is permitted in the system, and the
complexity of the adjustment process, The assumption is that major
sutomatic adjustments are not allowed, However, criteria for making
"major adjustments'’ are preplanned or pre-established and the processor
displays viable options. Some adjustments may well take several minutes,
and many adjustments require very short periods of time, e.g., 10 or 20
seconds, The 30 second average time is based in part on the SEEK FLEX
simulation of the mission adjustment process.

Adjust Missions, Mission Success May Be Affected: The rate, 25%, is
deliberately selected as high because of the lack of data, As with other
adjustments, operator time can vary from 20 seconds to several minutes.
The average time, 90 seconds, is based in part on SEEK F LEX simulations.

Mission Diverts: A low divert rate is assumed, Since the operator require-
ment is pringipally to verify that the divert directed is possible, operator
time is low,

The oparator time (130, 5 seconds) is the average time required per mission,
In the maximum activity period (20 simultanecus missions), total operator
time required for handling mission exceptions for 20 RPV's on simultaneous
missions is 43, 5 minutes, or 0.7 man-minutes per minute, A considera-
tion that enters inte tolerable operator loading, during peak activity periods,
is that many adjustment actions can be deferred sevesal minutes without
affecting the success of operations.

Data proceasing required to support these functions are more difficult to
assess, The typs of proceesing required is highly operating-aystem oriented,
consisting of ihput and output message processing, message checking, tabu-
lar displays, operator requests for data, and data retrieval with fixed for-
mat tabular and situstion displays,
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3.2.6 Control, Qver-The Target Strike

3.2.6.1 Introduction

This subsection discusses functional requirements for physical control of
RPV's during the over-the-targat phase of air-to-ground strike missions.
This phase begins with the arrival of the RPV within target acquisition
range of the electro-optical sensor, proceeds through weapon delivery and
damage assessment (including any additional strike or BDA rurs on the
same target that are required) and terminates with final escape maneuvers
and departure fxrom the target area.

Physical control of the RPV by a human operator is required in the over-
the-target strike phase for several reasons. The human operator, using
visual imagery from an EO sensor, can identify the target, examine its
condition (e.g. state of cccupancy, damage, etc.), accurately position the
RPV and/or weapon for attacking the target, and assess bomb damage
after weapon release.

Thir study assumea a low-altitude (200-500 feet above ground level) terrain-
following approach to the target area. The RPV is controlled automatically
to pop-up at a preselected location and climb to a preselected altitude, e.g.
1500 to 2500 feet above ground level, The EQ sensor is ¢nabled, at which
time the Strike Controller begine vieual search for the target. The RPV
location at start of climb is selected such that, upon reaching altitude, the
slant-range from RPV to taxrget allows adequate time for rarget recognition,
go-no-go decision, RPV position correction, weapon lock-on if appropriate,
weapon release, and escape maneuver. Previous multi-mission studies
indicate that this slant-range may be 15,000 to 40,000 feet. The planned
pop-up range to target may vary from mission to mission, depending upon
such factors as; sensor type selected for mission, weather (particulariy
visibility (TV) and humidity {IR)), target characteristics (aize, contrast,
sky-ground ratio, masking angle), and ground-to-air threat.

Previous studies have indicated the desirability of having both TV and

FLIR optior:e available an the preferred eourcen of visual imagery for
various conditione. Either typc of sensor may be preferable for a particular
mission, but there Joer not sppear to be a requiremeit to have the capa-
bility of using both tycer of sensors-on thesame miseion (at least not
simultansously). = ' : o

3.2.6.2 Pop-Up. - - -

Upon reaching pop-up sltituds, the RPV EO sensor is activated and trans-
miesion of video datw initiated. The RPV may be maintained in level flight
at the pop-up altitude until target/aiming point recognition by the pilot, or
dive may be initisted immediately. RPV airapeed is expectad to be cn the
arder of 360 to 600 knots. Xor this study. it is assumed chat the pre-
programmed dive angle is 10 degrees, however, the dive angle can be
changed during flight by the strike controller.
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Upon completion of pop-up, the RPV is positioned at a planned iocation and
heading such that, normally, the target will be within the field of view of

the EO sensor. The sensor is turned on and TV or IR transmission initiated
autornatically when the RPV has reached pop-up altitude. Digital data mes~
sages from RPV to DCF will be automatically generated to indicatz com-
pletion of final approach climb and activation of EO sensor. .

From the time of pop-uyp and start of EQ sensor data transmission until
weapon release, the RPV pilot may have as little as 12 seconds in which to
find the target, make s djustments tc RPV heading and dive angle, aim and
fire the weapon. Therefore, it is mandatory that familiarization with the
target area and the planned mission profile be accomplished prior to ‘niti-
ation of the final approach. Moreover, the Strike Controller should be
seated at his console station with certain selector switch settings (e.g.
video channel to be displayel) already made. When the RPV approaches
the scheduled pop-up location, an automatis alert indicator should be acti-
vated at the designated console and an alphsaumeric display of current
mission status should be activated and updated sutomatically b the DCF
computer, based on comparisons of planned flight profile with actual PPV
position, velocity, heading, altitude, and other statue data. The alpha-.
numeric display contints should include: mission number, sensur type,
weapon typs, planned pop-up altitude and slant range to target, time-to-go
before completion of pop-up, sensor stats (on/off, offset angle), and de-
tails of subsequence phases of the plannad flight profile {e.g. dive angle,
escapé maneuver, secondary target). :

The EQ sensor display should permit superposition of special symbols e . g.,
symbole uniquely representing sensor boresight, longitudinal axis of the
RPV, aiming point, and weapon boresight. A separate display surface
should be availalile iur the replay of recorded visual imagevry. This display
should be positioned to facilitate comparison of the recorded EO imagery
‘with the 'live' visual presentation.

3.2.6.3 Target Recognition

When the EQ sensor is activated, the widest fisld of view (FOV) setting will’

norraally be in effect. An RPV sensor with FOV characteristics similar

to that ¢ the tolevision system employed on tha CONDOR missile is postu-
~lated.” Thia TV aystam has & 2] X 38 degree search mode FOV, and a

4.2 X 5.6 Gegree treck imoce FOV. At three nautical miles the width of

terrain viewed in the larger FOV ie approximately 9, 080 feet. This par-

ticalsy evatem has only the twe I'QV choices; for the RPV application, a

muliipie-position or 200om capability may be preterable.

: T&m_St?ii:i Controller nereaally fizes vies the wids FOV to search for the
tavget. When he recognizes tho target, ©r what appears to be the taiget,

ha #witchen to the narrewer FOV to exarn..ne a magnified image of the
target in sndor o condirm targst identification and examine target detail.
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in the mitul search for targst, control of the RPV normaily remains in the
automatic mode with AFCS inputs joveined by préplanned flight profile data.
The Strike Controilar may slew the EO sénsor to search for the target.
Changes in.sensor pointing ungle are not linked -with aircraft flight control
instructions diring this search périod. Groundito-air command signals
are required to slew the EO sensor and to change the field of view. Slew
instructions are genexated by using a joystick type control to position a
marker symbol on the EO display in the direction of the desired new sensox
aiming point away {rom the present display center. Operation of the siew
control reaults in the automatic generation of sensor slewing command
signsla to the RPV ‘

Before switching to a narrower FOV, the operator must first ensure that
the magnified image is contered on the desired location. If that lozation
_is not already at the center of the wide FOV irnuge, the operator positions
a seunsor-pointing marker symbol at the desired location and slews the EO
sensor accordingly.

. .Daring the tsrget recognition phase, and throughout subseguent phases of
over~the-target control, the visuzal display prasentation must be maintained
such that the senscr remains pointed at and focused upon the deaired lo-
cation with a minimum of jitter or unintentional motion. Therefore, capa-
bility for automatic slewing of the £Q eensor to continue pointing at a
selacted ground position is required. This function should include; 1) the
capability during the mission planning of predetermining EQ sensor azimuth
and elevation such that the sensor FOV {s centered on a specified point
upon pop-uyp, sud 2} the capability of automatically maintaining the sensor _
FOV centered upon an operator-designated point on ths current image. The
accuracy of preplanned sensor pointing deponds upon a numb=y of factors,
particularly navigstion sccuracy.

Sensor slewing to keep a fixed poiat in view can be initiated and maintained
by comimand messages from the DCF, or by seli-contained data processing

in the RPV. The degree of gicture motion away friom lock-on is a function
af the update rate of sensor azirnuth and elevation changes. An update rate
of 5 times par second le postulsted for sizing the DCF-to-RPV communica~-
tions requirements and DCF processing loads .

During over-the tavget strike operations, the RPV pilot needs continuous
sccees to the visual imagery capability. The timming of his tasks is such
that any detectable interruption of the visual display (for example; due to
tima-sharing wideband video communications) would be unacceptable. This
is not to ssy that a coninuous video transmission is reguired. A succes-
sion of rapidly updated discrete video frames, presented in enapshot-like
form, is probably scceptable from the human factors standpoint. A priori,
continucus presentation appears preferable for imagery mterpretttion the
use of multiple shnapshots is advantageous 1. ainly from the standpoint of
reducing copununications requirements or l.creasing AJ protection,
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The data processing requirements assocciated with the use of television and
IR sensors depend upon several factors including; the sensor character-
istics, the choice between digital and analog transmission techniques,
antijam methods used in transmission, and image enhancement techniques
to be employed,

The requirement for controlling up to four RPVs simultaneously over tar-
gets demands the ability to commmunicate and process sensor outputs from
as many as four RFPVs simultaneously. The capability to operate with a
mix of sensors is also required; e.g., weather conditions ‘n one target
area inight dictate the use of TV, whereas in another target area IR might
be necessary.

At the DCTF, the communications processing subsystem should be capable
of routing processed EO data from any RPV to any cperator station used
for strike control. The specific sensor channel to be displayed at a par-
ticular console can be determined by a selector switch at that console.
When sensor data are routed to a particular console, the operator display
data derived from processed digital data link messages from the same RPV
should be routed to that same console. Incoming sensor data, after pro-
cessing, should be recorded routinely for subsequent use in operator fa-
miliarization for future missions. Editing and purging of sensor tapes can
be performed off-line during periods of low mission activity.

The Strike Controller can use recorded sensor data to famillarize himsalf
with the appearance of the target and the target environment. Prior to the
launch of planned missions, he may spend considerable time comparing
stored sensor data with photographs, maps, and descriptive material.
Immediately before controlling an RPV over the target, the pilot should
review kev graphic data.

¥{ .ne Strike Controller does not see the target on the EO display presenta-
rion, he may either switch to a narrower field of view, in order to see
greater detail, or he may scan adjacent areas in case the target was not
originally in the sensor FOV upon pop-up. To switch to the narrower field
of view (or use a zoom capability if that is provided), the Strike Controller
could turn a control knob to a setting corresponding to the desired new field
of view. This in turn would cause the automatic generation nf a digital com-
mand message to the RPV that would be interpreted by the on-board pro-
cessor and converted into electro-mechanical signals actuating the EQ lens
system. To scan with the sensor, the Strike Controller muat fizet inhibit
automatic sensor slewing, if that is in effect, by switch action generating
the appropriate control m ssage. Scanning is accomplished by using a
manual slewing control on the Strike Operator's coneole, previously
described, (It is rocognired that the RPV system will be designed so

that with the EC sensor FOV provided, and the Navigation Accuracy

and target position error expected, the probability is high that the tar-

get will be in the FOV. Still, the poseibility exists that the target will

be outside the FOV and the system should be designed to cope with that
contingency. )
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Upan recognizing the target, the Strike Controller will reactivate automa-
tic sensor slewing ard use the narrowest FOV to examine target details.
He must quickly determine if the target is suitable for attack (e.g., a SAM
site may be uncccupied; or a structure may already have been destroyed or
heavily damaged by other forces).

It must be anticipated that in some missions the Strike Controller will have
difficulty in recognizing the target. The RPV at pop-up may not be posi-
tioned at the exact location and heading expected by the controller. The
target image may be at an unexpected location in the sensor FOV, or it
may not even be within the FOV. Also, if the target is on the periphery of
the sensor FOV, it may disappear from the FOV before the controller
identifies it, or too late foxr weapon aiming and delivery. In any event,
if the target is not engaged, the options are to abort the target or try
to engage the target on a sccond pass. The option selected will depend
on the mission requirements and other tactical factors such as target
defenses. '

4 a second run on the targst is selected, the flight control instructions
required to turn the RPV and reposition it for a second run at the target
can be preprogrammed and activated by operator switch actions at the
conaole. The flight profile segments for this operation are similar to
thoze required for a second weapon-delivery pass at the same target, dis-
cussed below.

If the Strike Controller determinea that the target is sufficiently damaged
or unoccupied to abort the primary mission, he would normally activate
the preplanned {light profile instructions for an alternate target,

The selection of =lternate courses of action is implemented by presenting
the Strike Controller with a visual diaplay of his alternative choices, in-
cluding any priorities established for these choices, and a means of in-
dicating to the DCF processor which choice is to be activated. This func-
tion can be implemented in several ways: e.g., the choices can be listed
on an slphanumeric CRT display, with the aslection being made by using
a light pen or movable cursor; or the choices could be selected by pres-
sing switchkeys bearing the appropriate labels (¢.g., "proceed to secon-
dary tavget'’, ''start second pass', etc.).

The automatic procassing requirements for implementing alternative cour-
ses of action include keeping track of where the RPV is in its planned sched-
ule of events, and of switching to the planned flight profile corresponding
to the slternative branch. The RPV may not be &t the pre-planned location
at the time the altornative branch is selected if the Strike Controller has
besn menually generating filght control instructions for the AFCS. How-
ever, the DCF automatic processor can determine a heading (and altitude)
from the RPV position at the time that the Strike Controller selects the new
branch that will bring the RPV onto the desired flight profile. This can be
accomplishied by comparing actual RPV position, heading, and altitude
from ths uavigation and trecking system with the next segment of the new

3-28




Qi £ Selen Pk ST N R T A RS

ok, - '._ v, 2 i SRS Lo
N T T DR mey e ey

flight profile, and computing new flight control instructions to get from the
former to the latter.

3.2.6.4 Weapon Delivery

Assuming that the target has been acquired and the decision is to proceed
with the mission as planned, the next major task is to aim and release the
weapon. The process of aiming the weapon may also entail changing the
RPV's speed, heading, or dive angle.

Specific requirements for the aiming and control of RPV weapons depend
upon weapon type. The control system must be capable of handling a
variety of weapon types including; ''smart" bombs, rockets, guns, and
‘'dumb' bombs .

Smart bombs have a self-contained means of locking onto the target and
generating their own steering directions. Lock-on could be based on dis-
cerning contrasting light patterns in the target image, homing on jamming,
or on detecting radar, laser, or other energy aimed at and reflected from
the target surface. For this study, if the weapon requires an illuminating
source, it is assumed that function is performed by a different RPV or air-
craft and is considered as a separate mission. Requirements for target-
illuminator RPV missions were not analyzed. A priori, the illuminator
aiming accuracy and platform stability requirements, which clearly are
considerably more demanding than those for the RPV visual sensor, would
appear to be critical factors in the use of drones for delivering this class
of weapons.

The dumb bomb contains no means of target sensing or changing its tra-
jectory and must, therefore, be released on a free-fall trajectory course
that coincides with the target. Because the dumb bomb is a free-fall wea-
pon, precise computation of the release point is required. ,

Studies to date indicate thst the weapon-releass computations could be per-
formed either at the DCF or onboard the RPV. The basic advantages and
disadvantages of each alternative are clear. Remoting the weapon release
computations to the DCF would centralize the function in a single processor
and minimize the on-board ADP requiremeants for the RPV. However, this
would increase tho armount of data to be transmitted both ways between DCF
arnd RPV, and these communications would have stringent response times
and high repetition rates. Performing the computations on the RPV reduces
the commmunications requirements at the cost of requiring increased data
processing onboard onboard the RPV.
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Smart bombs require less data processing, less DCF-to-RPV two-way
communication of digital messages, and less stringent requirements for
accurate positioning of the RPV at the reléase point. The primary re-
quirement is that of positioning the RPV within the flight envelope of the
weapon. .

It is envisioned that the basic method of maintaining the RPV flight profile
within the weapon release envelope would be as follows. The Strike Con-
troller would compare the actual RPV position and heading with a pre-
established weapon-release envelope computed for the given target loca-
tion. The weapon ervelope could be shown graphically on the Strike Con-
troller's EO display, in the form of dashed lines superimposed on the
sensor imagery. The symbol representing the boresight of the RPV would
be compared with the outlined weapon-release envelope to determine if
changes to RPV heading or dive angle were required. The Strike Control-
ler would use the joystick type control to maintain the RPV boresight within
the envelope outline. Movements of the control to repositon the boresight
symbol would be automatically translated into commands to the RPV flight
control systum to alter the RPV heading and dive angle. Response actions
by the RPV will result in movement of the boresight symbol position towards
the deaired location within the weapon-release envelope. (The RPV bore-
sight symbol location is & function of the magnitudes ¢f the EO sensor azi-
muth and elevation relative to the longitudinal axis of the aircraft.)

For smart bombs having EO sensors with the capability of maintaining
lockon automatically when a target is designated, the capability of switch-
ing from the RPV EQ sensor to the weapon EO asensor is required. The
weapor: sensor data would be transmitted to the RPV, amplified, and re-
tranamitted to the DCF via the relay aircrait.

Before switching from the RPV eensor to the weapon sensor, it is neces«
sary to ensure that the target will be within the field of view of the weapon
senaor. There are two possible ways of implementing this. Cne way'is

to raguire that the RPV be on a level line.of-sight course with the target

at time of attemptad lock-on. Then the weapon sensor can be prepositionsd
with its boresight identical with that of the RPV, The other method con-
sista of ueing the remote slewing capability to generate command signals
 to the weapon sensor to point with en azimuth and elevation ceincident with
that of the RPVY senwor. These signals could be initiated by Strike Control-
ler switchkey action, but, considering the limited time available during

the final strike mansuver, it is probably better to automate this step, and
have the weapon sensor bsgin tracking along with the RPV sensor as soon
a8 the pop«up altitude is reached and the RPV aensor is turned on. The
Strike Controller can have a manual override capability that allows him to
aim either sensor independently.

. The Strike Controlier should switch from the RPV sensor to the weapon
sansor prior to weapon release to confirm that this sensor is operative and
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- that the target is seen. When he has the target in view on the weapon sen-
sor, the Strike Controller makes adjustments to the weapon sensor azi-
muth and elevation to position the boresight of the sensor on the tazget.
When he has done go, he transmits a lock-on command to the weapon sen-
sor by depressing a switchkey.

When lock-on is achieved by the weapon sensor, a digital data message in-
dicating automatic lock-on should be transmitted, via the RPV and relay
eircraft, to the DCF, where it would be routed to the console of the Strike
Controller controlling the mission. Depending upon weapon type, the lock-
on message may be required prior to weapon release. In addition, it must
be established prior to release that the RPV is within the weapon release
envelope. These two conditions could be determined by an automatic pro-
cessor; the actusl release command could be generated automatically, to
take advantage of the computer's more rapid response capability relative
to the human operator. After weapon release, the weapon will continue
siming itself, using its own sensor data to update steering instructions.

3.2.6.5 Expendable RPV

AR

The discuseion thus far has concentrated upon weapon delivery by RPV's
that are recoverable. Another option ia the use of expendable RPV's for
delivering explosives by flying them right into the targets. In this case,
the requirements for physical control are similar to those of smart bombs.
The same types of sensors and guidence technigues employed on smart
bombs are applicable to sxpendeble RPV's. If an auntomatic jock-on capae.

. bility is employed, control requiraments are similar to those described
above, except that only one EC aensor in involved, If an automatic lock~on
capability is not used, the essentisl requirement is that the Strike Control-
lor maintain the aiming polnt on the target.

Inasrev ch 23 the expendable RPV (s bazically & "single-shot" weapon, it is
cleaxiy deairable to minimize the cost of on-board equipment, which means
that all functions that can be performed at the DCF or velay aircraft should
r . ba allocated to the expendable RPV. If tho expendabla PV is to be in-
sluded in the types of vehiclas to be controlled by the DCF, certain altern-
ative functional allocations become much more attractive from a life-cycle
sost etandpoint, o.g., the use of an external navigation system, such as
the range~mesasuring system described in subssction 2.7.9.

Another candidate weapon system for delivery by RPV is a steerabls glide
bomb with an EO sensor that can be pointed by control signals from a re-
mote station. By pointing the sensor boresight at the target, a remote
oparstor can atear the weapon into the target. The requirements for con-
trol of this type of weapon delivery are essentially identical with those of
the expendable drone. The main additional system requirement entailed by
this weapon type is that there be the capability of switching to the EO sensor

. on the weapon, with the associated requirements for capabilities of receiv-
ing, amiplifying, and relaying the weapon EO imagery via the RPV and re-
lsy alrcraft. ,
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The Strike Controller's functions in the use of rockets and guns are pri-
marily those of maintaining the RPV boresight symbol on the target or aim-
ing point and firing the weapons when withir proper range. The basic tasks
performed are similar to those for other weapons. The RPV EO senscr
imagery provides the basic data needed to ~ontrol the mission. The wea~
pons are aimed by flying the RPV towards the target or aiming point and
fired when RPV-to-target slant range is within weapon range. '

3.2.6.6 Damage Assessment

After weapon relesse, the RPV could be programmed to take either of two
basic courses of action: 1) au immediste escape maneuver to avoid enemy
ground-to-air fire, or 2) a maneuver to permit damage assessment while
avoiding flying the RPV through the weapon blast. If the latter alternative
is selected, it would normally be followed by an escepe maneuver, initi-
ated by a control message generated by the Strike Controllar. The follow-
ing discussion asasumas that & bomb damage assessment maneuver is to be
made prior to escape from the target ares.

After weapon release, the Sirike Controller attempts to maintain oy re-
acquira visual contact with the tazget, to assess damage. The maneuver
initiated upon weapon velense to avold flying the RPV through the weapon
blart should be planned suck that the RPV resumes a heading that is com-
patible with maintaining the terget within the EO sensor FOV long enough

to detarmine the extent of damage or accurscy of weapon impact, If pos-
sible, rates of turn or climb should be such that the EQ sensor can continue
pointing at the target without exceeding the EO sensor gimbal limits.

(It was suggested earlior in this report that all incoming EO imagery data
be recorded automastically for subssguent familierisation. A capablility for
rapid playback of the sensor data at the Strike Coniroller console would
have the furthey advantage of giving the controller a '"second lock" at the
target after the RPV had flown beyond the point whers the target was within
the sensor girnbal limite. In some caces, this could enable him to deter.
mine the extent of damage without requiring a eecond pass st the target.)

The sircraft mancuver after weapon release can be sither proprogrammed
or manual. If preprogrammed, manual override is possible., The sensor
sgtomth and elevation at completion of the escape mansuver should be pre-
programmaed to maintain ths target within the FOV while the aircraft ma-
neuvers. The target whould be relatively easy to acquire visually at thie
timse since thera will be visible evidonce of an explosion in the immediate
vicinity of the target. '

U dumege asssssment cannot be performed during the initial etrike yun, a
sscoud run at the target can be made. (A second pass i3 slways necessary

for dumb bomnbs.)
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Damage assesament may indicate that a second strike should be made at
the same target. If the RPV is carrying a second weapon suitable for
attacking that target and if RPV status (fuel primarily) indicates that a
second astrike is feasible, the Strike Controller initiates the preplanned
flight profile that brings the RPV back around for another pass at the tar-
get. The data processing and communications requirements here are
similar to an-route flight profile cornmand generation. The main require-
ment is that of identifying the appropriate branch in the flight plans, keep-
ing track of the RPV's current position, and computing heading, speed,
and altitude comnmands necessary to bring the RPV onto the planned profile
for that branch.

It is desirabie to grovide the Strike Controller with the capability of moni-
toring the RPV's track and status during the preparatory maneuvers for a
seccnd pass on the target, particularly in casees where that second pass is
unschedulad. A simple geographic tracking display is suggested, which
could use the same CRT as that used to display the EO aensor imagery.
This diaplay, in #ssence, would be a stylized map. containing only essen-
tisl veference features of the target area, and the scale would be expanded
such that the dispiay sncompassed the planued RPV flight profile for the
raturn pass, with perhaps a 2000 ft border to allow for discrepancies be-
tween planned and actual RPV location. The display should plot the RPV's
actual track (within 300 ft, CEP), as determined in the navigation and
- traciing routine, as well as the planned track for the second run. This

- display vould give the Strike Controller a visual indication of the time re-
maining before the next pop-up, as well as an indication of the probable
location and heading of the RPV at pop«up. The vae of the EO sensor for
visual checkpoints during the second-pass preparatory turns and climab
may also be advantageous here.

13.2.6.7 Sumumiary of Command/Reply Link Data Loads

This subsection summarizes communications load factors derived in pre-
ceding subsections of 3.2.6 for the command/reply link in over-the-target
strike control. Table III. 2-5§ presents the estimated message length and
average rate of transmission for aach type of mecaage content transmitted
from DCF to RPV and from RPV tc DCF, reapectively.

In the DCF -to«RPV portion of the table, items 10 through 14 represent
DCF-computer-ganerated flight control instructions. These inastructions
would be generated in over«the-target strike control when the RPV is dis-
Gn]vigcd from stored flight profile data. An altorpative implementation
would be to allocate to the RPV on-hoard pincessor the interpretation of
EO sensor slewing commands and their tranelation into autopilot setting
changes. Forx purposes of this study, it is postuleted that this function is
performed by the DCF compuiter.

From Table 1. 2.5, the peak DCF-t0-RPV message rate for data bits,
a® opposed to overhead bits for syuchronization, etc., is approximately
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Table III, 2-5, Digital Data Messages OTT Strike Control

. Estimated
DC¥-to-RPV Message Content Length Average Rate
1. Activate/Deactivate RFV sensor 1 bit 4 per mission
2, Engage/Disengage RPV sensor 1 bit 6 per mission
with sutopilot _
3. Change RPV sensor FOV (Zoom) 6 bits 20 per mission
4. Activate/Deactivate weapon sensor 1 bit 1 per mission
5. Slew RPV sensor and/or weapon 30 bits 5 per second
sensor
6. Activate/Deactivate Terrain Following | 1 bit 2 per mission
7. Change RPV sensor mode* 1 bit 6 per mission
8, Lock-on weapon sensor 1 bit 1 per misgsion
9. Release weapon 1 bit 1 per mission
10. Heading 12 bits 5 per second
11. Speed 10 bits 5 per second
12, Altitude 16 bite 5 per second
13, Altitude rate 5 bhits 5 per second
14, Turn rate 5 bits 5 per second
| 15, Engage/Disengage atored profile 1 bit 2 per mission
’Mummatic slewing or manual control - not required if all slewing
irstructions are generated at the DCF,
Estimsted
RPV.to-DCF Message Content Length Average Rage
1. RPV at final approach altitude 1 bit 1 per miesion
2. RPV sensor onjoff 1 bit 2 per miseion
3, ¥Flight control status 2 bits 10 per mission
4., Weapon sensor activated I bit | per mission
$. RPV sensor szimuth and elevition 30 bits 5 per second
6. RPV gencor mode 1 bit 7 per mission
7. Weapon seasor locked-on ! bit 1 per mission
8. Weapon released 1 bit | per mission
9. Altdtude 16 bits 1 per secord
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Table III.2-5, Digital Data Messages OTT Strike Control (cont)

Estimated

RPV-to-DCY¥ Message Content Length Average Rate
10, Airspeed 10 bits 1 per second
11, Dive Angle 11 bits 1 per second
12, Heading 12 bite 1 per second
13, Roll attitude 11 bits 1 per second
14, LORAN TDF 40 bite 1 per second
15, Fuel Status 11 bits 1 per second

400 bpa. If one allows again as many bits for addressing, synchronisation,
etc., the total peak data rate from the DCF to one RPV over-the-target
would be approximately 800 bps.

In the RPV-to«DCF portion of Table III,2-5, items 9 through 13 are poste
ulated to be used by the DCF computer:

a. As inputs for generating flight control instructions to accur.
ately position the RPV during pop-up and final dive at the
target (when not under manual control by the Strike
Controller). '

b. To make necessary computations for display generation
{e.§., to locate RPV boresight relative to center of the
- EO sensor field of view, to detarmine RPV relation to
weaspon-release envelope, etc.),

As discuseed in subsection 3.2.3, use of LORAN, with the RPV position-
fix computationa remoted to the DCF, is postulated as a baseline naviga-
tion systam. Item 14 of the table represents LORAN time-difference-fix
data used in the RPV position fixing computations. The higher update rate
{once per second for the over-thectarget portion of the mission, including
the leg just prior to pop-up, vs. ouce per 10 seconds enroute), in conjunc-
tion with track smoothing and flight profile correction computations, will
reduce navigation erroy st the #tart of target acquisition. '

On the basis of this table, the peak RPV-to-DCF message rate for data
bite is spproximatsly 250 bpa. If one aiso allows 250 bps for ovarhead,
total pesk rate for one R¥PV to DCF would be 500 bps.

As rmentioned oxxlier in this report, additional digital data required for

remoting gravity-drop wedpon release computations at the DCF were not
estimuted. The sahove estimates aleo do not include communications re-
quirements for video or IR data, which were not estimated in this study.
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3.2,6,8 Operator Requirements, Operator Facilities, and ADP Support
for Over-the-Target Control

The nature of the over-the-target RPV control function, with its demand
for full operator attention and quick response, requires that a Strike Con-
troller concentrate on one mission at a time, Taerefore, to meet the |
operational requirement for simultaneous control of four over-the-target
phases simuitaneonsly, four aeparate Strike Controller stations are
required,

At a3 minimum, each station must include:

a. A dynamic diaplay capability for presenting the EO sensor
imagery (TV and iR are prime candidatee, but both are not
used simultuneocusly on the same RPV),

b. A means of superimposing and aeparately controlling the
movement of special sy:abols on the EO image.

¢, A dynamic diasplay of alpha-uumeric data on RPV flight
profile and status and corputer-generated operator prompts
and alerts,

d, Operator controls that enable the generation of command
messages to the RPV governing flight profile, EO sensor,
weapon sendor, and weapon release,

A situation diaplay of the type defined in subsection 3,2.5,4 for enroute
control is alsce requirsd at the Strike Controller Station., In addition, the
capability of recording and : layback of EQ senanr imagery appears high'v
dagirable. Use of a senarate dis;ﬂay surface for playback of recorded uata,
positioned to facilitate mmparmcn with live imagery, would aid in recogni-
tion of targets and visual checkpoints,

A number of ADP support requirements for ov-r.the~tsrget control have
been defined, and a tentativa allocation of ADP functions to DCF and Rl? Pry
has beqm suggested. These are surmarized in Table 11, 2-6.

The DCF ADP f(unctions for over-the-target strike control must he accom-
plished for up to foux RPV's simulteneously, while also performing the
in-route processing functions for as many an 16 additisnal RPV's, How-
ever, Table 111, 2-6 does not include additional functions required for
woapon releass computations, which weuld be required for ozher than
"srmart bombs, '
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Table Ill,2-6 ADP Functional Requirements for OTT Strike Control

DCF ADP Functions

Display generation and control/switchkey interpretation, 4 Strike
Controller Consocles.

RPV position-fixing and tracking.

Integrating RPV tracking data with flight control data to prcject

RPV future positions.

Comparing actual track with planned flight profile and generating
corrvective flight control messages or operator slerts.

Determining if RPV flight path intersects weapon-release envelope.

Determining projaction of aircraft longitudinal axie on EO sensor
image and positioning symbol on visual diaplay accordingly.

Selectin%operatur-deaiguated branch of flight profile and up.
dating RPV on-board flight profile.

Command message generation, addressing, formatting.

Reply maaude processing, rourting.

l.
2.

RPY ADP F

tiona

Perform time-difference measurements on raw LORAN signals.

‘Store flight profile data transmitted from DCF before launch

and while airborne.

Tranelste stored flight profile into flight control eettings for
autopilot at scheduled time. '

. Process incoming command-messages and gensrate appropriate

slectro-mecharical signals,

Generate and format reply messages on RPV, sonsor, and
weapon status, exceptional conditions, flight parameters.

Translate incoming flight control messages into flight control
settings for autopilot. '

Translating operator changes to EO sensor azimuth and eleva-
tion and other control settinge into aircraft weapon eterving
cornmands . :
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3.3 RPV FORCE COMMAND AND CONTROL FUNCTIONS
3.3.1 Introduction
3.3.1,1 RPYV System Factors Impacting Force Command and Centr'oi

The general requirements for command and control of the RPV force are
the same a8 for manned systems, The force objectives must be developed
for a mixed force or for a pure RPV force., Mission requirements must be
established, resources asaigned, and missions planned, In the execution
phase, the operation must be monitored and adjustments made to most ef-
factively achieve the force objectives in a dynamic environment. There are,
however, & number of RPV features that significantly impact Command and
Control functions, Table III, 3-1 summarizes these RPV system features
and indicates the general impact of these features on Command and antron
The specific considerations and assumiptions are: S :

s, Attrition Factors: A fundamental premise is t‘m.t the RPV
system i: designed to be cost effectivs at sustained aftrition
rates that are unacceptable for manned systems. The son-
sequence . ¥ this wrewmise is that for a mixed {orce, aasun:mg
misaion abyscdvsss can be achieved using either KPV's or '
manned sircrait, threat asgessmaent (prokably loss) becomes
& more immportant criteria in the weapon selection function,
Whan & waapon system has buen selected, planning develops
penetration and attack tactics that provide acceptable assur-
ance that the minsion objactive will be achieved, while con-
curmnﬁy maximizing the survivability, Thig consideration
is applicable to maaned syatema and RPV syatems alike.

b, Low Altitude Penetration: The RPV is designed for lm\. altihide
peaetration and move frequent high G meaaures are acceptable
than is true {oy manned aireraft, However, without a pilot
the RPV has no capability to sense real time flight hazards
and to avuid them (except for its terrain following capability),
The conseguence is that route safety must be analyzed and
mada & pert of the preprogrammed flight profile,

¢, Precigion Flight: While the requirement to preprogram the
RPV flight profile introduces exacting requirements for routa
planning, the capability of the RPV to follow a preprogrammed
fiight profile mg schedule introduces potential sophistication
in the coordinstion of primary and support missions. There-
fore, requirernents which exploit coordinated mission planning
ave introduced,

d, Communicatione Reguirements: The requirenient for semi-
Continuous comrnunicitions with the RPV's enroute and con-
tinuous cornmunications during the attack phase is afiected by
‘the low altitude flight profile of the RPV, This can, in many




Tabie IIL 3-i. PPV System Features Impacting Force C&C

RPV Syster, Iresign fealures
Impacting Fosce C & C

General Effect on Force
Command & Control

Attrition - System is designed
to be cost affective av hghe,
attriticn rates (vis-a-vis
manned system). :

Mixed Force « Threat assessinent,
& niore important criterion ia
weapon selection,

Pure RPV Force - Weépon selection
similar to that for manned systems,

Low Altitude Penetration
following praprograruned flight
profile.

All details affecting route safety
evaiuzted in detail and every
detail of the {1} ght profxle '
preprogrammed,

Precision ¥iight - The RPV
will foliow exactly a pre-
programmed {light profile
and schedule,

Exacting requirez‘dents to plan
coordinated miasions.

Comununications - Requiremaents
to maintain communications
through an airborns relay to
maintain physical controel.

Exacting requirements for planning
relay station location(s) com-
patible with RPV routas and
targets,

Flight Profila Preprogramming
Requirements.

Hequirement to generate a flight
profile for nserdion into the
RPV Sysvem,

T s

situations, introducs lerpain masking of the line of sight com-
munications links; further. esemy jaraming can be expected.
These factors combine o infrnduce new and relatively cumplex
requirements for mm:—rmnéﬁ;ations planning.

Flight Profils !?*s agra‘nmmg Requirements: An operstional

aseuription is itz

t the reeponse capab{ht} of the RPV aystem
must be ccamgaq?ialg to that of the manned systems,

The con-

- pequance i3 that snanual procedures alone cannot provide the
reguired response times,

Automated aids to route profile




planning =ad a capability to sutomatically ccavert a preplanned

flight profils into preprograrmned flight control instructions is
required,

Table IIL, 3:1 sﬁmmarisaa thess RPV aystern) {eatures and indicates their
general fmipact on Coinmand and Control,

3.7, 1,2 Force Command and Control Functions

At the highest command levei, force Command and Control relates to the
planning and managament of force resources to achieve the overall ferce

: . cbjective, At lower levels, it relater to planning and marnaging a part of

B the force to achieve some specific objectives which have been assigned.
Within the {ramework of the tacticzl control systems which have evolved,
the Tactical Air Control Center {TAGC) of the Tactical Air Control System
plans the operations for the total force. Asgsignments are made in the daily
frag order. Tha tasked units, wingas and independent squasirons, develop the
detziled plans reguired to arsign epecific resources, and to execute the
misgion,

e SRR R e

Table 131, 3.2, Corce Command aad Control Functions, lists the command
and control functions related to mission planning, monitoring, and control
as they ave normally identifiad. The functions under "total force planning”
sve those allocated to ths TACC Current Plans division. Those under "unit
planning'', are the planning functions normally assigned to the tactical units,
A tabulnted, there {s a functional overlap bet'ween ''total force planaing”
and "unit planoing'.

TACC planning for assignment cannot be accomplished without considering
viable over-the-tarzst tactica. énvoute threats and mission support require.
menta., Thedsc same factore ave significant coneiderations in detailed mis-
sion planning for sxacution, Whesn one considara ADP support to mission
planning, certain trade-offs are obvious, Mare detailed planning could be
done at tas TACC with reduced requirements to plan at the unit level, Al-
ternatively, it 18 desirable, for severil reasons, to allocate detailed plan-
ning to the unit aswsigned responsibility to execute the plan. These reasons
involve operational considerations that are not addressed in this study., The
ansiyeis that foltows presumes that the force has beer apportioned and individ-
usl miesion objectives have heen established. The requirements to develop
detailed plans are addressed in thiv study., However, no distinction is made
betwesn planning for azsignment {TACCT) and planning for execution (tactical
anit).

The sequence in which the planning functions are listed on Table 11, 3-2 is
the sequencs in which the functions are typically executed in the planning
cyele. The text that follows addresses the planning functions in reverse
order, starting with the requirement to convert a planned mission profile
into the farmat required for physical control. Route planning and the inter-
relaied requirement to plan the communications relay missions are then
addresssd. [Finally, that planning required to plan over-the-target, or
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Table IIl, 3-2, Force Command and Control Functions

TOTAL FORCE PLANNING:

Requirements analysis
Resource analysis

Force apporvionment

Detailed planning for assignment

Frag order generation and distribution

UNIT PLANNING:

Detailed mission planning for execution:
o Select or validate weapon selection, configure carrier (A/C, RPV)
o Select or validate sensor selestion, configure carrier (A/C, RPV)
o Develop over-the-target or on-station tactics (A/C, RPV)
o Plan miseion route profile and schadule (A/C, RPV)
o Plan communications relay operations (ﬁPV's only)
o Convert RPV mission profile into that format required for

physical control (RPV's only)

MONITORING AND CONTROL (ALL ECHELONS):

Monitor situation data, status and mission progress
Replan and adjust missions as required

Report data as required
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on-gtation, operations is described. This revergs order of presentation is
selected because the unique features of the RPV affect most directly the
route profile, communications relay planning, and precoding functions, As
one proceeds ''up the table'" of functions, away from very detailed planning,
the impact of RPV on planning functions is generally smaller,

3.3.2 Flight Profile Coding

3.3.2.1 Introduction

It is a requirement of the RPV system that the preplanned flight profile be
converted into a set of coded inatructions that can be inserted into the RPV,
The instructions ceded must be such that the power setting or fuel flow for
engine control, and the settings for the flight control surfaces, can be imple-
mented by the on-board AF'CS and such that execution of the instruction will
result in the desired route profile, The AFCS combines the instructions
with sensed information concerning deviation from the desired flight attitude
(due to atmospheric turbulence, for example) to produce continuous aircraft
control, Planned variation of the flight path parameters are accompliahed
by implementing the next instruction at an appropriate time,

This subsection describes the process that converts a planned flight profile
into code that can be inserted into the RPV system. Subsection 3.3, 3,
Route Planning, describes in detail the procedure for generating the profile
itself. Generally, route planning for RPV's is similar to route planning for
manned aircraft, The route profile is specified in terms of position, flight
altitude, direction of flight, and power setting, Segments such as launch,
climb, and descend can be specified, A controlling schedule time is input
and from this controlling timne all achedule times are derived,

The specific instructions to be coded and the processing required to convert
a flight profile into a set of coded instructions depend upon A number of sys-
tem factors,

To {acilitate the following discussion, several definitions are presented,

ROUTE/PROFILE - The flight path which is to be traversed by the
RPV, the flight altitude, and the power mode,

LEG ~ A portion of the route/profile which connects
two adjacent check points,

FLIGHT MODE - A description of the manner in which the air-

craft is changing its position and/or velocity.
Examples are; climb, cruise, and accelerate,

With reference to the above definitions, a leg is composed of a sequence of
flight modes, and a route profile is a sequence of legs, At each level, the
elements are linked together by using the terminal point of one element as

the initial point of the next,
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An implementation concept that very significantly affects the processing
required to convert the planned profile into a set of coded instructions is
the concept of preprogrammed flight segments, In its simplest sense, the
concept is that any flight profile can be conceived of as consisting of a num-
ber of standardized legs appropriately chained together,

The effect of the execution of a preplanned leg is always to alter the state of
the aircraft in a fixed manner relative to its initial point, For example,
launch might move the RPV from its pad to a point down range at an altitude
of 15,000 feet. The specific position would be determined by the position of
the launch site, a specified heading, and RPV parameters,

The following subsections describe the elements at each level of route/
profile description. The presentation is from the bottom up. That is, the
flight modes are described first, then the legs, and finally a route/profile.
3.3.2,2 Flight Modes

The set of flight modes consist of:

e ACCELERATE

e¢ CLIMB

e CRUISE

e DESCEND
e LAUNCH
e RECOVER
¢ REMOTE
¢ TERRAIN
¢ TRIGGER
e TURN

The effect of executing a portion of the route/profile in any of the above modes
is to change the state vector of the RPV, The state vector consists of at
least the following:

e RPV Type

e Position (latitude/longitude)

e Altitude

¢ Heading
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¢ Mach Number
e Gross Weight
¢ Fuel State
e Drag Index
e Elapsed Time

The state vector of the RPV then is a detailed description of its performance
and characteristics at any instant of time. This state vector is used as a
basis for describing changes to be impleinented in the next flight mode,

The motion of the RPV in any flight mode will result in a change in the state
vector, The following variables will always change: position, gross weight,
fuel state, and elapsed time, The other variables will change while the RPV
is executing specific flight modes, Table III, 3-3 presents the flight modes,
any supplementary input parameters required, and state variables (other than
those that always change) which are affected, Each flight mode is also de-
scribed in the following paragraphs,

Accelerate: The accelerate flight mode is used to increase or decrease the
mach number of the RPV while the heading and altitude remain constant. At
the point of initiation of the mode the mach number to be achieved and a throt-
tle setting (max or mil) must be specified,

Climb: The climb flight mode is used to increase the altitude of the RPV
while the heading remains constant, At the poin. of initiation of the mode it

is necessary to apecify the desired altitude and a throttle ssttirg (mil or max),
The throttle setting determines the appropriate climb schedule which, in turn
affects the distance, fuel, and time required to climb and determines the
mach number when altitude is achieved,

Cruise: The cruise flight mode is used when the-RPV is to maintain a con-
stant heading, altitude, and mach to traverse a specified avea. It is used
for straight legs, and the distance to be traversed must bs specified.

Descend: The descend flight mode ias used to decrease RPV altitude while
maintaining & constant heading, At the point of mode initiation it is neces-
sary to specify the dive angle or rate of descent and altitude to achieve
these maneuvers, Tha appropriate descend schedule is then determined,
This includes mach number at the terminal point of the flight mode,

Launch: The launch mode is used to initiate the flight of the RPV. it changes
the state of the vahicle from its initial condition to an independent airborne
vehicls, Whether the RPV ig initially on a pad or carried by another aircraft
significantly affects ths launch mode; however, in either case, the primary
change which occurs is that the RPV becomes an indspendent airborne entity,
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Table III, 3-2, Flight Mode

Required Inputs and Variables

Distinguishing
Supplementary Variable Termination
Flight Mode Input Variables Change Condition
Accelerate Throttle Setting Mach Number Mach Achieved
Climb Throttle Setting Altitude Altitude
New Altitude Mach Number Achieved
Cruise None None Distance
Achieved
Degcend Throttle Setting Altitude Altitude
' New Altitude Mach Number Achieved
Launch . Heading Altitude Initial Burn
Heading Complete
Recover None Close Down Close Down
Remote Sensor Activate Diract Operator | Operator
' Contrcl Command
Terrain | None Headuig Distance
' Altitude Achieved
Turn Heading Heading Heading
Radial Acgeleration - Achieved

The result of 2 launch mode is to place the RPV at its first position and es-

tablish its first state vector values,

heading.)

(It is nacessary 5o atate the desired

Recover: The recovery mode is used to terminate the flight of the RPV,
Recovery can be by parachute which is the baseline system, Alternatively,

runway recovery or other recevery means are possible, In any avent,
recovery is a process initlated at the end point of the return-to-base flight
segments, Recovery is initiated by a handover to recovery centrol, Recov-
ery maneuvers are not precoded, except for 'triggered' responses such as
deploy parachute,

Remote: The ramcte flight moede is used when it is necessary for the RPV to
be under the direct control of an operator, The mode may be initiated only by
a real time command since it requires that the operator be in communication
with the RPV, However, as a safeguard against countermeasuree, such com-
mands will only be recognized during designated periods and when accompan-
ied by appropriate lock keys, This mode allows an update or modification of
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the stored command stack as well as the ability to maneuver the aircrait in
very near real time, It can be used to adjust route/profiles for deviations

from planned schedules, and for coatrol of the RPV during critical mission
times.

This mode is unique in that it makes reference to other tommands in the
stored route/profile, Three command numbers are specified as parameters.
The first is the command to execuie in case the operator does not acquire
the RPV, second is the command to execute when the operator returas com-
mand to the RPV, and the third is the command to execute in the event of a
communications interruption during a period of operator control.

Terrain: The terrain (following) flight mode is used when the aircraft is to
maintain a specified altitude relative to the terrain which it is traversing.
The heading is to be maintained, It is necessary to specify the relative al-
titude to maintain, and the total length in distance of the flight mode,

Trigger: The trigger mode is used to change the flight mode in response to
congtiona which are sensed on the RPV, Examples are:

¢ On weapon release, the next flight segment is initiated; which
could be escape or bomb damage assessment,

e If failure of the terrain following radar is sensed, a climdb
maneuver is initiated,

e An available option, if radar homing and warning is detected,
is that jinking can be initiated,

Turn: The turn mode is used to change the heading of the RPV, At the initial

point of the mode, it is necessary to specify the new heading and the radial
acceleraiion of the turn.

3.3,2,3 Route/Profile Legs

The set of leg types coneists of:

e CLIMB

e CRUISE

e DESCEND
e LAUNCH
e LOITER

e TERRAIN

o DELIVERY
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Each leg type combines a sequence of flight modes into a pattern which,
when executed, results in the RPV traveling from the initial check point

of the leg to the terminal check point of the leg, according to the character-
istics of the leg type, In essence, a leg type is a precoded set of flight
modes with certain parameter vaiues not specified, When the parameters
are specified, the leg type becomes a specific sequence of flight modes.
Leg types are only used as a convenience to the planner and are trans-
lated during the coding process into their corresponding set of flight mode
sejuences before insertion into the RPV,

For each leg type, the initial conditions are the terminal conditions of the
preceding leg, Parameter values specified are values to be attained and
maintained during the leg, The following paragraphs describe each of the
leg types.

CLIMB: Whenever the planner wishes to increase the altitude of the RPV
between two check points he defines a CLIMB leg. The general character-
istics of a CLIMB leg are; 1) a geographical separation of the initial and
terminal check points, and 2) an increase in altitude between the initial and
terminal check point, In order to define a specific CLIMB leg the following
parameters must be specified:

e Position of the terminal check point of the leg.

® Mach number at the final check point (if not present, a default
is made to an appropriate value in the climb schedule).

e Throttle setting to use for the climb,

A CLIMB leg type, for which the throttle setting for climb yields a speed at
the end of climb different from the Mach number of the final check point,
requires a flight mode of accelerate or decelerate to resoclve the difference.
An error condition arises if the final check point is not compatible with the
heading specified at the initial check point of the leg.

CRUISE: The distinguishing characteristics of a CRUISE leg are: 1) a geo-
graphical separation of the initial and terminal check points, and 2) no alti-
tude change between check points,

In order to define a specific CRUISE leg it is necessary to specify the fol-
lowing parameters,

e Position of the final check point.
@ Mach number for CRUISE,
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If the heading of the RPYV at its initial check point is not consistent with the

location of its terminal check point the CRUISE leg includes a turn mode to

a cruise mode, Similarly, if the Mach number is different at the initial and
terminal check points an accelerate/decelerate mode is added to the cruise

mode., Any mode other than cruise is implemented at the start of the leg.

An error condition arises if the altitude of the initial and terminal check
point are different,

DESCEND: The distinguishing characteristics of a DESCEND leg are:
1) a geographical separation of the initial and terminal check points, and
2) a decrease in altitude from the initial to the terminal leg.

In order to define a specific DESCEND leg it is necessary to specify the
following parameters:

e DPosition of the terminal check point.

e Constant air speed value for descent (if not present, a default
is made to an appropriate value),

A DESCEND leg type, for which the conatant air speed specified for the
descent is different than the value associated with the mach number at the
initial check point, requires a flight mode of accelerate or decelerate to
resolve the difference,

An error condition arises if the position of the terminal check point is not
compatible with the heading specified at the initial check point,

LAUNCH: The distinguishing characteristics of a LAUNCH leg are: 1) it
is always the first leg, 2) the air base or carrier aircraft is always the
initial check point, 3) ithe terminal check point is automatically defined by
the climb requirement for the leg, and 4) the fuel and time expended include
all modes {rom startup until the terminal check point is reached

In order to define a specific LAUNCH leg it is necessary to specily the fol-
lowing parameters:

¢ The direction of LAUNCH, This may be specified either as the
direction from the air base to a point, or as a heading.

e An altitude to be reached,
All LAUNCH legs automatically compute the distance, time, and fuel nec-

essary to move the aircraft from startup to the point at which the specified
altitude is achieved,
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LOITER: The distinguishing characteristics of LOITER legs are: 1) an
initial and terminal check point which are geographically coincident, and
2) the requirement to remain in the vicinity of the check point for a speci-
fied period of time.

In order to define a specific LOITER leg it is necessary to specify the fol-
lowing parameters:

e Anmount of time in LOITER,
¢ Mach number to mauintain,
o Altitude to maintain,

A LOITER leg is made up of a sequence of climb, accelerate/decelerate,
turn, and cruise {light modes, If the mach number and altitude do not re-
quire adjustment with respect to the parameters at the terminal point of

?revious ieg, then the leg is a series of cruise modes alternating with
180 ° turn modes. The length of the cruise legs will be calculated to main-
tain the aircraft within a specified distance of the check point and to keep
the loiter time as an integral multiple of the time around the ''race track',
The minimumni loiter time will be the time required to execute a 360 degree
turn,

TERRAIN: The distinguishing characteristice of TERRAIN legs are: 1) a
geographxcu separation of initial and terminal check point, 2) maintenance
of RPV heading, and 3) the requirement to maintain a specified aititude rela-
tive to the terrain,

In order to resvlve a generic leg type TERRAIN into a specific leg, it is nec-
estary to specify:

o The relative altitude to maintain,
e Tha terminal check point,

The heading and Mach number at the initial check point will be used for the
terrain lag, The leg terminates when the specified distance has been
traversed,

DELIVERY and BOMB DAMAGE ASSESSMENT: Aithough defined as legs,
one distinguishing characteristic of DELIVER Y and BOMB DAMAGE
ASSESSMENT is that they are each in fact a standardized sequence of legs,
The aequence of legs cannot be discretely designated; they are predesignated
to the system, A seocond characteristic is that the operator is semi-
continuoualy exercising remote control, Finally, the termination of the
sequence is triggered, either by conditions sensed by the RPV, (e.g.,
weapon rslease ox by an operator action, or, a command initiated when bomb
damage has been observed) or an abort command if the target is not attacked.
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ESCAPE: This leg type, like the delivery and bomb damage asaesament,

is in reality a standardized sequence of legs that contains predesignated
changes in flight mode, It is different from the delivery and bomb damage
assesament mode in that remote control is inhibited and termination of the .
activity is automatically achieved after = given length of time,

3.3,2.4 Command Stacks Organization

The form of a stored route/profile is a table of commands ordered by time
of execution relative to misaion initiation, It is call=d a Command Stack.
Each entry includes the execution time, the command type (i.e., flight
mode), up to four parameters to define the specific command, an enable
code to indicate whether or not the particular sequence may be interrupted
and remote control accepted, and (whenever remote control is enabled) a
lock code (different for each leg) which muat be used if tae RPV is to ac:iept
remote control,

Figure 3,3-1 presents a portion of a hypothetical cormnmand stack, Line 1 is
the launch command, The parameter value in the table is the heading in de-
grees, Line 2 {s a climb command to be initiated 30 seconds after launch,
The RPV is tc climb to 10, 000 feet (100, 100 foot increments), The RPV
will not accept remote control during the climb, Line 3 is a turn command.,
Since it occurs at 300 seconds, one can infer that the climb mode was com-
puted to be of duration 270 seconde, The turn is to be exscuted at 1,0 g's
and the RPV is to come to heading 305, Notice that the LAUNCH leg has
been converted into & launch mode (line 2) followed by a climb mode (line 2).
The next leg (CRUISE) is made up of a turn mode followed by a cruise mode,
This occurs because the final terminus of the cruise leg required a change
in the direction of flight (see previcus CRUISE leg deacription).

Lines 7 through 9 present an interc4sting sequence of comrnands, Line 7 is
intended to represent a '"pop up' to 5,000 feet, Line 8 is a command to ac-
cept remote control; if remote control is accepted, when control is returned
to the RPV itself, the route wil! continue at line 10 (parameter 2}, In the
event that control is not accepted, the comimand of line Y is executed, and
remote control ie not accepted, If communication ie interruptea during the
ramote control, ths RPV will take its next command from line 16 of the
stack,

Figure 3, 3-1 has been presented in English for ease of understanding, In
the RPV system, the data would be in numeric coded form. Assuming com-
mand times can be expressed in seconds, a maximum of 4 pararieters of

2 bytss each, and & 4 byte enable-keyword field, each commang in the stack
will require 15 bytes,
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VARIABLE PARAMETERS
D _
NUMBER TIME COMMAND P1 P2 Pa Pa ENABLE KEY*
1 0 LAUNCH 3 . YES KEY 1
2 30 CLIMB Mii 100 NO
3 300 TURN 08 10 NO
4 420 CRUISE 100 - ) NO
5 1680 DESCEND 220 2 ‘ NO
6 1860 TERRAIN 400 NO
7 5480 CLINS MAX | 80 ‘ YES KEY 2
8 8530 REMOTE 9 10 10 VES KEY 3
9 5800 CRUISE 100 16 NO

*KEY 1 — INITIATES REMOTE CONTHOL MODE. -
KEY 2 — “LEVEL OFF" COMMAND 1S INITIATED BY APV ALTIMETER,
KEY 3~ REMOTE CONTROL BY ORERA™3IR IS ENABLED.

T

Figure 3.3-1, A Command Stack Example

3.3.2,5 Coxmmaud Stack Generation, Program and Data Base

- : The command stack is generated by application programs as the planner

£ generates a route/profilse. Each leg specified by an operator adds com-

34 mands to the stack, Commonly occurring sequences of legs will be pre-

: coded and available to the planner, The route/profile generation program

“is to be built in a manner integrating operator specified and preplanned legs
automatically, '

i & " Stack occurrence times for each command are relative to mission initiation
] time™ and computed by processing downward in the stack and adjusting the
a7 variables ae if the RPV was traversing the route/profile,

R . The actual process of command stack generation can proceed only after the
{3 : route/profile has been specified, The command stack is generated by pro-
3 cessing each leg of the route/profile and updating an RPV state vecior as if
£ the RPV was actuslly traversing the course, Each leg is converted to a so-
quence of flight modea. The {light mode parameters are computed taking
into account such factors as groes weight (which is a function <f fuel con-
sumption), drag index, and requested leg characteristics,

R ‘Miuion initiation time may itself be calculated backward irom time over
mE . target (TOT) when one is specified in the requirement, If no TOT is pro-
vided aa initiation time or TOT must be specified by the planner,
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The application program to perform the command stack generation can be
implemented as a control program supported by an algorithm processor
and a data base retrieval module, The actual calculations to perform can
be stored in the data base and expressed in terms of a sel of standard func-
tions of one and two veriables. This approach has been investigated cn the
Mission Planner pregram and its feasibility has been demonstrated, The
main advauntages of the approach are:

‘e logic dependent on RPV type is in the data baae,
e One yrogram performs all computations.

e <hanges to logic end/or introduction of new leg types requires
only <ata base updste, not prxogram modification,

@ Yuel calculaiiun and performance envelopa calculationa can be
included in comumand stack generation,

The logic to perform computationa for a flight mode determines the space
vequired in the data base, Estimates for some of the modes are presented
in Table III, 3-4, These have been arrived at by assuming that the computa-
tion for RPV's will not differ greatly from those for F4D/C aircraft. It
should be emphasized that these estimates contain storage for function pa-
rameters as well as boundary value checks and return codes for error indi-
cations and/or performance envelope violation checks,

Ng estimates have been made for the controller or the data retrieval module;
however, the algorithm proceseor requires approximately 5280 bytes.” This
estimate is based on an existing processor which has been used for experi-
mentation with data for the F4D/C. :

The storage requirements for a route/profile are a function of the number of
lege and the data required by the route/profile generator. A reasonable esti-
mate is between 12 and 16 bytes per lag. To this, about 240 bytes will have
to be added for 3 name and any restricted usage or interface constraints,

The data that have been presented make it possible to eatimate the total data
base required to convert a preplanned flight profile into the command stack
code and to setimate the command stack storage required for single route
profile from launch to recovery. The operational assumptions which must be
made are the number of mode changes per leg, the number of legs per route
profile, and the number of standardized preplanned chains of lega. Table
I, 3.5, Quantitative Factors, RPV Route Segmcents and Legs, tabulates the

‘Thu represents 120 PL/I statements at 44 bytes per statement, or 11 ma-
chine instructions per PL/1 statement which is equal to 1.3 KI.
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assumptions, Assuming that contingency (e.g., emergency RTB, climb if
terrain following radar fails) are common to many and that there ava a total
of 60 contingency segments in the systemn, total system ADP requiremenis
can be summarized as follows:

Program lLogic, DCF 1.3 KI's

Mode Logic Storage, DCF 6,972 Pz
Storage, Single Route Profile, RPV 1,730 Bytes
Storage, 20 miasion total, Unit DCF 16, 500 Byte_s
Storage, 80 mission total, Unit DCF 61, 300 Bwias
Storage, 240 mission total, Ferce Planning DCF 188, 100 Bytes

Table IlI, 3-4, Storage Requirements for Mode Logic

Flight Mode - Bytes for Logic
Accelerats 1052 (two throttie settings, MIL and MAX)
) Climb | 1052 {two throttle settings, MIL and MAX)
. Cruise 1920 (5 mach numbers, interpolation |
between)
Descend . 576 (3 descent modes)
Launch 250
Recover 32
Terrain 1920 (5 mach numbers, interpolaiio
betweean) .
Trigger 32
Turn 60 {assurnies use of cruise mode as a
suhfunction)
Total Mode Logic Storage — 6974 Bytes
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Table III, 3-5. Quauntative Factors, RPV Route Segments and Legs

/
/ Command Stack Storage
Leg / Legs/Route Bytes/Route Coded(!
Launch / 1 30
Enrocute to TC{T 15 225
Delivery 3@ 135
412
BDA 3 135
Eescxpe | A 90
L 10 150
oo ‘
&&:wm&f 1 15
Gﬁ;&iﬁgﬁacg Sagmexits 30{¥ 450
" Total Storkge/Route Profile Coded 1230 Bytes

{3} 1% B‘-tec per leg

(2} e.g., Primary, Secondary, Alternate Target

(3) Judgment Fsctor
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3.3.3 Route Planning

3.3.3.1 Constraints and Assumptions

The output of the route planning function is the inputto the flight profile
codiag function described in the preceding subsection., The requirement for
route planning is to eatablish the route legs, Standardized legs such as
LAUNCH are specified by designating the launch site, launch corridor, and
the altitude to be achieved, Other legs must be specified in terms of end
points, altitude(s) and inode(s) of flight, This is not unlike route planning
for marned aircraft systems. However, as has been pointed out, there are
some operational considerations that are relatively RPV unique (e.g. low
altitude penetration),

Currenﬂy. route planning is a two step process, One step relates to flight
over friendly territory, The other covers flight over hostile areas, Routes
over £*iend1y territory irom launch to an ingress point, and from an egrese

- point to the rscovery base tend to be constrained by factors under one's

control, Constrainte include the selactisn of ingress and egress points that
are compatible with routing requirerents over anemy tyrritory, refueling
requirements if applicable, and TACS control requivrements, Restricied

‘airspase must not be traversed, A sigrificant consideraion is aifective use

of air spaco, all urnp&ce requiremnents considered, Theee congtraints
make the concept of using a few preplanned routes over and over very de-
sirable m one s owa-enviranment,

Ovaer enemy territory the prhnary consideration is the enermy order of
battle; 1, 0., the locatien and capabilily of enemy deferaes that can interfere
with succesoful filght to and from the tavget srea and target defense penetra-
tion, Rther considerations include range factors, visual checkpoint require-
menta, weather factors, ete, Freguent movement of enemy weapons and
variabllity of target 1ocations meens that routes to and {rom the target must
be miseion specific,

Ths ganeral coneiderstions for RPV route planning are the same as those
for mennad systems, Thore are, howevar, a number of factors that signi-
fleantly impact route Dlenning for RPV's,

Theee factora avet

a. Navigation position accuracy: The degree of precision required
spends principally on the tavget avquloition reqmrements.
Studisa of thease regquiremants, conducted for the Alr Force,
Lhave concluded that navigationsl accuracies in the order cf
300 to 1500 fvet are reguired, Given these limits, accuracy

hae little impacst on route planning.

b, L.ow altltude penetration: The RPV {s deeigned for low altitude
penatration to enhancs survivability, Twe viable options are
open, The one option includes terrain following at 200 to 500
feet, The other option is praseure altitude, If terrain
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clearance is maintained by flying a preplanned pressure altitude
acceptable flight safety altitude will probably range from 1000
to 2000 feet above the terrain or even higher, At these altitudes
vulnerability to AAA, especially radar controlled AAA, is sig-
nificantly increased., For this reason, a terrain following
capability is assumed for the baseline system, The effect of
having a pressure altitude capability only will then not be
assessed,

c. Line of sight requirements: Withinr the UHF and C Band fre-
quences that may be used to communicate with the RPV terrain
masking between the RPV and the relay aircraft can signifi-
cantly degrade or prevent communications., Consequently,
possible enroute and over-the-target terrain masking of the
communications links must be considered in route planning.

3.3.3.2 Operational Assumptions Affecting Route Planning, Low Altitude
Penetration

Previcus studies conducted by Rand, Litton, and other organizations indi-

- cate that slmoet ary arsd will have at least many Frowr: and probable AAA
‘sites.” While AAA and any SAMs that are prescat pose a threat to RPV,

cifective raute planning can be applied to noticeably reduce the threat,

Jl.samnin-g s terrain following capahility, the nlanning requirsment tor u low
altitude penetration to the target is to gselect the path that maximizes
survivability within any othe> constraints that may be impoeged or selactad,

(Foy example, one may wish to select 2 path which conceals the ovjective of

the mlission o1 is not likely to alert target defenses)., Sincu deiensive sites
however taad to have small lathality sreas, and tend to be grouped around
targets, it ia quite possible to circumnavigate known AAA and SAM sites
and other enroute flight hazards, It follows that the effectiveness of AAA
and 3AM, aand the amount of intelligence available on site locations, signi-
ficantly affects the required capability to plan a defense voidance {light
path, It i3 assumed that intelligence data are available. For SAM sites,
it is asowned that SAM sites are not numerous and at low altitudes can be
circumnavigated (target penetration excepted), TFor AAA, the following is

aspauned:

a, There ara 1600 AALA aites within an area 200 nm square.
Assuming an average lethality range of 2. 5 Km, there is
a 28% probability that the RPV enroute is in a !ethality
zone if a defonse avoidance route is not planned.

b, These 1600 sitas are at the more than 2000 locations
identified a3 AAA siles or probable sites.

The quostion of how much of a threat AAA is for a low-flying RPV is difficult

to anawer, Previous studies by Litton and other organizations however, do
indicate the following: :
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a, For vigual detection and at target speeds of 0,85 Mach in
clear weather, there is approximately a 50% probability of
visual detection at 1700 meters slant range. At low altitudes,
this appears to be relatively independent of the specific alti-
tude., The threat while low is not insignificant, Statistically,

- given 1600 AAA sites scattered throughout a 40, 000 square
mile area, approximately 30 lethality zones will be penetrated
enroute to a target 180 nm from the FEBA if no defiense avoid-
ance is planned, '

b. For radar detection, the probable low altitude detection range

: exceeds the weapon range, so any penetrations of lethality
zones present a probability of loss which is significant. None-
the less, very low flight, 200 to 500 feet, introduces terrain
masking, multipath effects, and background clutter that signi-
ficantly degrades radar controlled AAA, and hence increases
probability of survival,

If the RV does not have the radar terrain following capability, the pressure
~ sltitude level for the flight must also.be preplanned, For this option, the
minimun safe altitudes are in the range of 1000 to 2000 feet AGL clearance;
i.e., excluding very favorable earth surface features and meteoroclogical
couditions. This higher penetration altitude wnhances the capability of
enemy defenses to detect track and acquire the RPV, The consequences are
that, entroute, it is even more important to select a path that avolds defense
lethality zones.

To plan a defense avoidance path wherein coordinate accuracles are in
hundreds of feet and, on the average, in excess of 70 points (from a popula-
tion exceeding 2000} and which must be avoided by pre-designated distances,
it does not appear possible, using manual procedures, to atill meet required
response times for planning, The next subsection addresses the subject of
automated support to route planning for defenss avoidance, Before turning
to this process, however, the requirement for and desirability of incorporat-
ing terrain masking in route selection is addressed,

The importaace of terrain masking to avoid long range early warning raders
is obvicus, Any low altitude penetration that avoids early waraing radars
by 10 or 20 miles will be masked, The more specific consideration is
terrain masking of radar controlled AAA, Assuming & radar detection range
of 10 to 20 miles, a zero degree masking angle, the effective AAA lethality
range (under 3 Km), and AAA response time (6 to 8 scconde), it is necessary
for vehicles flying at 200.500 feet above terrain to be masked to within a few
miles of the site in order for them to obtain a significant operational advan-
tage, :

There are however, many uncertsinties that affect the value of such masking
consideration. Exact eite locations are not known., Detailed daty wyould also
be required on terrain features close in to the radar site, Although favorable
siting can be assumed, nevertheless close-in features do generate masking

Ao

angles, Clutter and multipath effects are possibly as significant as masking,
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Quantitative data to substantiate a conclusion are not available. Subjective
considerations, however, have lead to the conclusion that uncertainty of the
validity of the resulis of calculated terrain masks, plus the cost, are such
that terrain masking of AAA should not be considered. Therefore, the
proposed implementation procedures for defense avoidance planning do not
incorporate terrain masking for AAA,

3.3.3.3 Route Planning for Defense Avoidance

There are two general approaches to ADP support for planning a defense
avoidance route that can he considered; automatic route selection (ARS) and
automatic scoring of an operator selected route, For automatic route se-
lection an algorithm that can select the lowest cost route (minimum threat
in this case) must be provided, Generally, to find a best route many
iterations are needed to find a solution and the associated proceasing costs
{(and response times) are high, Many manageable solutions incorporating
some set of simplifying assumptions have been suggested; some have been
implemented, The second approach, automatic scoring of an operator
selected route, requires a program to evaluate the threat intersecting a
given flight profile, '

- Since route scoring is subsumed in any automatic route selection process,
‘route scoring is, by definition, relatively simple as against automatic route
selection, Provided the operator can select a number of good routes for
trial, the route scoriag approach alone is quite satisfactory,

Automated support for route planning has been studied under the USAF
Mission Planner program. The analysis of the operational requirements
and the cost and effectiveness of alternative implementation methods led
to the conclusion that both approaches should be provided, Automatic
 route selection is applied only in the target area. By limiting the size of
the area (60 mile radius) and hence the number of possible routes to be
scored, eatisfactory response times are realized, Automatic scoring of
an operator selected route is applied to the enroute and return to base
sepgmenty of the route profile where the operator uses his light pen to
select a route that avoids heavy enemy defenses, (He uses his keyboard
to enter altitude and velocity,) An automatically generated situation display
supports this seléction process, The route safuty score is generated for
each seluctad route as an accumulation of the exposure time to each threat
weighted by & measure of threat effectiveness. By trying several routes a
neay beat, or satisfactory, route can be selected,

The capabllity provided by the MPFS, as described later in Section 4, is
applicable to the RPV route profile planning function. It provides much of
the capability which is requived, There are however, two limiting factors,
The autcmatic route selectlon algorithm severely restricts the maneuvers
permitied within the high threat area to one turn no tighter than 129*, The
lanst thrast routs selectsd does not sxploit fully the capability of the RPV
to perform high G maneuvers and to take several of them in close proximity
to each other., Increasing the tightness of turn and/or the number of turne
pa¥mitted incresses the number of paths to be evaluated and thus rapidly
increases rasponse time,
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The second limiting factor relates to operator time. When the operator
designates the position, altitude, and flight mode for each leg of the flight
profile, the operator time obviously increases as the number of legs
increase. With many small enroute threats to be avoided, it is desirable if
not necessary to plan a profile with many maneuvers, Under these circum-
stances: operator time may become undesirably high,

3.3.3.,4 Automatic Route Adjustment

This section addresses a proposed approach for automatically adjusting a
preselected route to minimize the threat, Applied to the MPS ARS, it is
an extension to the ARS capability, Applied to operator selected routes, it
significantly reduces tha operator time required to select and define the
route profile, !

Given that there are dats in the data base on the enemy threats, there are a
number of procedures that can be automated to adjust a route to avoid
threat zones, Logic that adjusts a straight line segment intersecting a
threat 2one can create a sequence of shorter length segments chained by
turns such that threats are avoided or exposure is minimized, Figure 3,3-2
illustrates the situation, The route segment intersects a single AAA
lethality zone, Obviously, by moving the point on the segment that is
closest to the AAA site away {rom the site to a position that is outside the
threat envelope, the threat is avoided, For single threats, the logic neces-
sary to do this is quite simple, For multipie threats, the logic is more
complex, but conceptually similar, Howaver, if discrete logic only is
applied, the route path circumnavigating an AAA site or a defense complex
would always reduce to a predictable pattern which the enemy would soon
recognize, Hence, it is desirable to introduce a random factor in any
automatic route adjustment process,

AAA §ITE LOCATION

AAA LETHALITY RADIUS - ¢
/ ROUTE SEGMENT

e e e ROUTE SEGMENTE FOR A NO
"‘f’. THREAT ROUTE
2.8

Figure 3,3.2, Route Segment Threat
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Assuming an automatic route adjustment procedure based on combining
discrete logic and & random factor, the following is required:

a. EOB DATA on enemy threats, These data must include coding
which defines the direction to move away from the threat site
and may include data on how far to move to avoid the threat.
The data can be defined for the individual site, for individual
defense complexes, or can be precoded into grids covering the
total enemy area.

b. Program logic that establishes the threats to & route segment,
selectp a point on the segment within a threat area, and relo-
cates that point using a combination of discrete logic and
random selection. The route defined by the new point is then
evaluated, Such logic may be iterated until a no threat point
is found or until trials are terminated and a minimum threat
point is selected,

c. A Program logic that can score relative threats to & given
route and select the least threat solution. The Route Safety
Scoring process as implemented in the Mission Planner
System provides the basic capability required,

The data processing reguirements for automatic route adjustment are
addressed in Section 4,

The process is initiated by the operator who selects a route which is grossly
favorable for threat avoldance and satisfies other operational requirements
sand canatreints, The route segments can be relatively long and he need not
be concarned if portions of the path penetrate threat zones, He does attempt
to locate leg end points, howsver, in no-threat sreas. The oparator then
selscts "autematic route adjustment' and designates the width of the corri-
dor within which sdjustments are sllowable. This is a variable, The
processor then locates the threats which interact with the segment, and
sclects a point within the seginent that is in & threat avea, The program
logic retrieves the direction to move and calculates the minimum distance
(or probable minimum distance) to move to avoid the threat, This is based
- on the nominal lethality range for the particular threat "B" in Figure 3,3.2,
A point is selected for trial that; 1) exceeds the minimum distance, and

2) is less than the corridor width, The path is medified to go through this
- point and the new path is scored. The random logic determines the distance
to move the point and whether movement is from the site to avoid the threat,
or through the site to the other side of the threat aver, The process is
iterated for sach threat area. An original straigh' lin~ cogment fifty miles
iong, for sxampie, may be converted to five segmeiite chulned by turns.

The no threst route or the minimum threat routs found will be displayed for
operator approvsl,

The process dsscribed is suitable for s high defense environment to select
a low aititude flight path which circumnavigatas most enroute threats., The
opsrational advantage of sutomatic route adjuetment as described is two-
fold, Firet, it provides a capability to examine many route variations
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automatically and select a no-threat or least threat route. The second ad-
vantage is perhaps more important, For an RPV flight profile with a pri-
mary, an alternate and a secondary target, plus the tactical desirability of
avoiding long straight-line segments, it is estimated that about fifty legs are
required. Considering that end pointe should be designated with an accuracy
of several hundreds of feet, operator time to define each leg would be exces-
sive. The automatic route adjustment capability makes it possible to plan a
profile with many legs with relatively little operator time, since he must
only identify the underlying, long, straight-line lega., The data generated by
the proceasor are in a form that can be automatically converted into a com-
raand atack which is the form required for physical control,

3.3.4 Communications Relay Plsxmig
3.3.4,1 Introduction

The route planning function discuseed in the preceding section did not
address the requirement to maintain line of sight (LOS) communications
enroute and over-the-target or on-station. The planning requirements are
camplex because the RPV route and position must be considered concurrently
with the position of the reley aircraft at esch point in time, The relay air-
craft in turn st any time may have to communicate with as many as 20 RPV
at 20 diffarent locations. The low altitude profile of the RPV and the
sltitude limitations of a relay aircraft can lesd to significant terrain
masking of LOS at long distances, ihe subsection introduces the opera-
tional assumptions that impact RPV route planning and communication
relay mission planning, The assumptions are:

a, Loss of communications enrocute in oparationally acceptable
providing the "“blackout period" is short, i.e. on the order of
& few minutes, Even longer periods may be acceptable if the
blackout hed been predicted and accepted by the planner.

b, The points on any route at which shielding will materialize
depend upon tha terrain features relative to the location of the
RPV and the relay aircraft,

c. Ona coinmunications relay aiveraft will control multiple RPV
: vehicles at muitiple locations. '

These assumptions introduce complex plansing problems, The flight path

of the relay aircrait is & variable and the altitude of the relay is controllable
within limits, The path and altitude of the RPV are also controliubie within
limits. Ths bast solution cannct bs found until ail RPV mission profiles
have beun developed and the regquiremants for communicatione eetablished,

‘The earth's terrain ie the anly constant factor, Automation involving
terrain, howevar, {e dependent upon digitized terrain data, The use of
digitized terrain data introduces problems. Firet, digiticved terrain data
is presently niot availabls for many potential operaticuel areas. Nonethe-
lese, it is assumad that in the timie period thet RPV will be operaticnal,




digitized terrain data will become more universal, Where digitized terrain
data are available, the storage requirement for digitized terrain data is
great, The amount of processing required to calculate terrain masking data
useful for RPV route planning is also significant, To attempt to make these
calculations on-line, while concurrently generating data needed for commu-
nications relay flight profile planning, appears to be unacceptable. All fac-
tors considered, an off-line solution to establish whether communications
links are shielded appears necessary with the results being stored for on-
line planning.

3.3.4,2 Shadow Effects on LOS Enroute Communications

The general nature of the terrain masking problem can be appreciated by
visualizing the sarth shadows that can be seen a few minutes before sundown
since at a felay aircraft RPV range of 180 nm and with the relay aircraft at
60, 000 feet, the shadow angle is about 2°, Figure 3, 3-3, Schematic Dia-
gram of LOS Shadow Geometry, illustrates the nature of the problem.

The upper portion illustrates the vertical profile of a line of sight shadow,
The scale is exaggerated, With the geometry assumed, a ridge 3000 feet
above the surrounding terrain, the relay asircraft at 45,000 feet at a range
of 160 nm from the ridge, the length of the shadow is 22 nm. Increasing the
zltitude of the relay to 55, 000 feet decreases the shadow length to 15 nm, a
decrease of approximately 0,7 nm per 1000 feot,

The lower portion illustrates the plane goometry of the shadow area. The

. radial of the shadow edge depends on the position of the relay rslative to the
ridge (the length of the shadow area depends on relay altitude as described
above), Assuming the 160 nm offaet vrange, an above, and two positions,

P} and Py, 50 nm apart as illustrated, the maximum distance between *he
edges of the shadows from those two locations is 7 nm. A shadow area cal-
culated for a position midpoint betwesn P) and P,, could apply to any point
tetween P} and P2 with 1+ maximum shadow edge error of 35 nm, which is
approximately 20 seconds of flight time,

With this introduction. the approach to incorporating communications shadow
ofie.*3 in RPV route planning is presénted, The approach presented is based
o -Nowing seswmptionn: '

a. For RVP's in the enroute and RTB legs, loss of commununication
for short periods is operationally acceptable,

b. Over-the-target (after pop-up) continuous communications
are required,

c. Shadow effects are oporationally important for low altitude
penetration only, Ponetrations above 1,000 {eet will be at an
altitude where shadow effects need not be considered, If they
must be considered because of some exceptional terrain
features, standardized solutions can be made available,
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d. Altitude errors up to 100 to 200 feet can normally be expected
in the digitized terrain data used to calculate shadows.

e. Accuracy factors are such that terrain shadows calculated for
a relay aircraft at an altitude and a plane coordinate position
can be applied to any relay aircraft location within approxi-
mately 25 nm of that point, and within 5, 000 feet of the altitude,

f. Any shadow depth (vertical distance terrain to the top of the
shadow plane) less than flight altitude above the terrain is
considered to be no shadow. The RPV altitudes above terrain
considered are 200 feet, 500 feet, with 1, 000 feet optional.

g§. A shadow area smaller than about 10 nm, longest diagonal,
about 10 seconds maximum shadow time is ignored. Within
such areas, intermittent shadowing leas than ¢. 5 is conaidered
no shadowing, shadowing equal to or greater than 0,5 is
considered shadowing.

Considering the shadow area geometry and the operational assumiptions,
shadow areas for a given operational theatre can be precalculated and be
entered into the data base, The approach assumes that the most likely
flight path for the relay is basically a periineter around the enemy area which
is the innermost limit of the "safe" area. This perimeter then (s the set

of positions which ts minimizing the distance between the .LPV and the relay
consiwtent with velay safety. The perimeter or potential flight path iz then
divided up into arbitrary segments approximately 50 nautical miles long.
Segment length is based on 2asumption (e) above, The midpoint of each
segmont is then used to calculate (off lihe) all the shadow areas which resalt
from the speciiic tarrain featurss inside the perimeter for each of three
potential relay altitudes, e,g., 40,000; 50, 000; and 60, 000 feet. The
location and configuration for each shadow zone is then stored to be used in
on-line relay planning.

The calculations reguired to generate the shadow area data using digitized
terrain data are not complete, Sinca the calculations will be made off line,
‘the processing veguired to generate these data are not included in the RPV
System ADP requirements. Should digitized terrain data not be available
for an operational area, shadow areas can be manually generated, with
some loss in accuracy and detail, and entered into the data base,

3.3.4.3 Application of LOS Shadow Area Data to RPV Route Planning,
Enroute and Return to Base.

The inputs to this function are the "ahadow areas’ generated as described in
the preceding subsection, the perimeter flight path, and a RPV trial route
profile. Figure 3.3-4 illuotrates the geo— stry of the situation and depicts,
schemstically, shadow areas ae they might exist. The situation depicts one
RPV route profils. Two ridge lines that will shield an RPV 200 feet above
the terrain are depicted. For each ridge, shadow areas are depicted for
selected segrients of the relay {light and illustrated for a 50,000 foot relay
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Figure 3.3-4 Schematic Depisction of Shadow Areas

altitude. The reader can visualize how other shadow areas for other zones
sad for other relay aircraft altitudes can be superimposed. Mony more
ridge lines producing other shidows can be envisioned. As illustrated,
there is a segment of the flight enroute to the target where the relay air-
craft muet be in zone "H'" to maintain continvous line of sight communi-
cations. An alteinate route that makes the RPV visible to other relay zones
ie depicted. Over most of the route, LOS Communications exists to all
relsy sircrait sones. For many operitional areas, this is a likely situation.

In subsection 3.3.3, RPV Route Planning, the concept of route safety acor-
ing and automatic route adjustment to minimize threat was described. The
concept for incorporating 1LOS shadow ares data in the bata base is the same
as for incorporating threat data. Assume 50 ridge lines that generate opera-
tionally significant shadow areas, (a judgement factor to develop estimated

. deta base requirements). If each ridae line causes shadows in four of the

relay flight path sagmente and two R. / altitudes and two relay aircraft are
considered, then ), 200 shadow areas must be coded. At 32 bytes per area
data storsge required is 38.4 K bytes, The data base requirements avre not
unroasonable.

The concept for ude of these data when planning an RPV route profile is as
follows. The RPV route is exiamined sutomatically to determine whether
the route intereects a slisdow ares for the RPV {light altitude planned.
Those segments of the relay fiight that produce a shadow are identified and
ths time peviod that the RFV i shadowed is muaintained.
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If there is no segment that will provide L.LOS Communications, the operator
is alerted. He may accept the condition or select to muodify the route. The
capability to automatically adjust a route profile to provide LOS communi-
cations is incorporated in the automatic route adjustment algorithm. AL-
lowable relay aircraft locations which provide LOS communications, (or
alternatively, locationc inhibited) are saved and are used in the planning of
the communications relay mission planning. This process will be described
in subsection 3.3.4.5,

3.3.4.4 Application of Terrain Masking to RPV on Station Planning

The approximate solution to the LOS communications problem developed in
the preceding sections ias suitable for the enroute phase. Over-the-target,
where continuous broad band communications must be maintained, 2 more
precise method for evaluating the affects of terrain mask is needed. The
nature of the probiem is essentially the same as in terrain masking of
ground radar. The problem to be resolved is whether the RPV, at its al-
titude over the target, is masked from any of the predesignated relay zones.
Conversely one muet determine where the relay aircraft can be poaitioned
to provide LOS communications. The problen: is solved in the same way
thiat the radar terrain masking probleam is solved. That solution is to cal-
culate the maasking angles for targets. Figure 3.3.5, Masking 2ngle Geom.
etry, illustratea the geometry of the problem.

Given the masking angle, the range to the masking terrain from the target,
the range to the relay airerafi, and the altitude of the RPV over the target,
the mimimum relay altitude that provides LOS communications can be cal-
culated. Conversely, given a maximum relay altitude{s), the minimum

- RPV altitude above the target that provides LOS communications can be
calculsted. Additional programiming is required to apply ground radar
terrain masking calculation to the conumunications relay problem.

o
£ it
nau;ir /
MASKING
MASK NG ANGLE
TERRAWM RELAY ATRCRAFY
LOCATION

23t

Figure 3.3-5 Masking Angle Geometry
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The data base required includes masking angles for each target at 20
azimuths and the range from the target to the masking terrain over the
azimuth range subtended by the relay aircraft line of flight. A single record
is about four bytes. If one provides in the the processing algorithm a logic
that interprets the absence of data as no masking, data need be coded only
for targets that are actually masked, and only for those 20 azimuths which
are operationelly significant. For 200 targets, located euch that a 46°
ieci:or is masked for each target, the data storage requirements are 16.8K
ytes . :

These data are used to establish what position(s) along the relay aircraft
flight line provide LOS communications over~the-target. The Planned .
Weapon release altitude is used for the RPV. If LOS comrmunications can-
not be realized for any relay position, or if the target is at an extended
range and a closer in relay position is desired, the calculation can gen-
erate the RPV pop-up altitude and release altitude required to achieve LOS
communications for the optimum relay position. Alternatively, it can cal-
culate a pogition to which the relay aircraft must move, e.g. 50 miles
closer at 60,000 feet, to obtain LOS communications. The process con-
ceptualized provides considerable flexibility. The program requirements
that provide this capability are presented in subsection 3.3.5.

3.3.5 Integrated Communications Relay Flight Profile Planning

3.3.5.1 Iatroduction

The data generated in previous subsections defined the operational require-
ments that must be satisfied by the relay aircraft mission planner.

a. Qver the target: Relay areas and associated minimum alti-
tudes that provide LOS communications to each target. If the
relay aircraft must be positioned off the predesignated relay
aircraft line of flight the position and altitude for the relay
aircraft ave developsed.

b. Enroute: For each RPV route profile the zones within which
the relay aircraft can be positioned to provide LOS communi-
cations.

The cominunications relay planning requirement is to plan a relay aircraft
mission profile such that sll operational requirements will be satisfied.
The possibility c¢f enemy jamming is also a consideration. (This factor is
introduced in subsection 3.3.5.3.) Firat, RPV relay mission planning re-
guirements for communications alone are considered. Methods for incor-
porating jamming considarations are then addressed.

" Operationa) assumptions thet impact the planning procedure are:

2, There is more than one type of relay vehicie in the inventory
of resources. Each vehicle typs has a maximumn altitude
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which is a function of its gross weigh4. (Fuel load ic the pri-
mary variable.) The mission duration is a {unct’on of the
vehicle type and the flight profile a-.esct~d.

b, To satisfy the operational requirements and/or vo provide ad-
ditional anti-jam protection, two or mors simuitaneous com-
munications relay missions may be planned. The implemen-~
tation procedure that will be described provides for simul-
taneous planning of two simultaneous relay missions. If more
missions are required, additional missions can be planned in
turn.

The planning procedure is a two-siep process. The first atep is to plan a
relay mission, or a set of missions, that satisfy the operational require-
ments developed by the route planning function. The second step in the plan-
ning process is to incorporate factors that will minimize the eifect of possi-
ble enemy jamming.

3.3.5.2 Communications Ruiay Mission Flight Profile Planning

The requirement to plan the relay aircraft mission is to locate the relay
aircraft along its line of flight such that at any point in time its location
satisfies the enroute and OTT commun:cation raquirements. An obvious
conatraint is that it takss time to reposition the relay aircraft. Consideriny
that the communications requirement for sach RPV changes with time (posi«
tion and phase) and that up to 20 requiremer.s must be satisfied simultane-
ously, the problem is one of continuous matching of capability to require-
ments. To make the problem mere managsable, a procsss that yields suc~
cessive solutions for discrete time intervals is propused. For purposes of
anulysie of the processing requirements, & 5 minute time interval is ag-
sumed. This time interval it small enough so that mission geometry is not
significantly changed, and large enough so the nurmber of processing iterations
required are not exceasive. {It should be noted that the use of 5 minute time
intervals does not prevent a discrete assessment of requirements for LOS
communications over-the-target that exist for shorter periods, e.g., one
minute.)

The process proposed is as follows. For each 5 minute interval, starting
at & time selected by the operator, data are obtained on all locations that
can satisfy the comununications requirements for RPVse sirborne during that
interval. Those locations that satisfy all requirements ave ""saved." The
next time period is then examined and the same data are extracted. If re-
lay aireraft locations are different the aircraft is repositioned with the con-
straint that the aircraft cannot be moved a distance that is not compatitle
with its air speed and climb rate. The process is intorated over the period
of the relay aircraft mission. In thie manner, a relay aircraft flight pro-
file and ochedule can be generated.

An algorithm yielding a good solution requires many checks, enable rules,
and operator overrides. Without flow charts and very detailed text, the
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process envision~d zzanot be conmpietely described. The principal features
of the program however, are:

The operator can designate a preferred or a desired location
for the relay aircraft for any time interval,

The process for planning a relay mission need not start with
take off and first time at an operating location. It may be
initiated at a point and time where requirements are demand-~
ing; ¢.g., where maximum altitude is required and very little
flexibility in terms of path location is possible. From such a
start point, planning can proceed back in time and forward
from take off to landing.

Rules are provided to avtomatically select preferred locations
for any time interval,

Rules are provided that through the iteration process allowable
locations are reducad to a set of preferred locations which

finally are reduced to selected locations which define a flight
profile.

Orbiting is allowed but is not selected as a preferred tactic
(unless go designated by the operator).

Two relay missions may be planned simultaneaously, Additional
missions that may be required to provide additional capacity or -
capability and/or backup coramunications may be planned in
turn, (While algorithms can ke concelved that would pian more
than two missions sirrultaneocusly, subjective consideration is
that processing requirements increase very rapidly with but
little operational advantage vis.a-vig in turn planning).

if two simultanesus relay wmissions are planned, there is an
agsignment capability which assigns an RPV missgion to a relay
aircraft, Handover time from one relay to the other are pro-
vided, Unassigned RPVs are accounted for,

Over.the-target commuiications take precedsnce over enroute
control,

If no complete aolution is found, the best golution 18 generated
and diaplayed together with data on requirements not satisfied
(E.G, RPV mission # masked over a segment of the
route profile).

The process incorporastes anti-jam considerations,

The program required to provide the capability described has been cons:-
dered at a level of dotail below what has been documented. The program
and processing requirad to implement the program, documented in sub-
section 3.3.5.3, is based on these concepts. :
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3.3.5.3 Communications Relay Flanning, Anti-jam Protection

’ 3.3.5.3.1 Operational Factors. There are unknown data that significantly
: affect *he requirements to plan for anti-jam protection. Questions that
might be raised are:

c . What is the enemy capability to jam critical RPV communi-
cations links ?

o  What is the capability within the communications subsystem to
counter jamming ?

o How many jamming sites can the enemy activate ?

To provide a basis for planning a relay miasion flight profile that incorpo-
rates anti-jam protection considerations, the following are postulated:

a. Given that the U.S, has a significant number of RPV with a
strike capability and that the system can be dagraded signi-
ficantly by enemy jammers, the enemy would seek to jam the
RPVs. It is veasonoble to postulate that jammers might be
deployed in numbers comparable to the number of radar con-
trolled AAA, e.g., around 800 sites in a sophisticated envi-
ronment.

.  Th« enuny's extensive jamming capability would be used
‘Judiciously. Jamaming widely used might degrade his own elec-
tronic systems; aleo, it costs to jam.

c. To. an active jam:.aing station, the closer the jammer ap-
proachkes in-line pcometry; (-elay aircraft, jammer, and RPV
in lip+ in that order,) the more effective the jammer

d. If tha iammayr is aut in line (within a few beamwidths), the
closar the relay aircraft is to the RPV tie leas effective the
janmer will be. This restlts from the narrow beam com-

i : munication techniquas envieioned.

a. During mission execution ryar rezl time data on active enemy
jarnumers can be made availabie. These data can be used to
predict the shovrt period effectiviness of jamming.

f In somre employmen* environments where the memy capability
to jaxn i lirnited, data will br available {0 predict with reason-
able assurance the probable location of enemy jummers and
their performanice parametusro.

3.3.5.3.2 Pianning Relay Misaions for w. Intense Jamming Environraent.
Givan an intenss ngmag_ evviteament, 1t is reaxnonable to assume that the
cos? tu impleznent an algorithm tha. discretely selects a '"best' relay
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position(s) is too high for the possible benefits. This is due to the number
of potential jammers that must be considered. The alternative is to select
relay positions that, within operational constraints, minimize communi-
cations distances and maximize the probability that active or known jam-
ming sites are not in line with the relay aircraft/RPV communications path.
Minimizing distance is easily implemented. Subsection 3.3.5.2 described
the procedure for selecting route profiles and route schedules that could
satisfy the communications requirements without jamming. To minimize
distance, one selects that position that minimizes the length of the longest
critical communication path.

Providing a communications path that minimizes the probability of the relay/

- jammer/RPV being in line can be provided by providing simultaneous relay

positions for two aircraft. This is certainly a viable solution in an employ-
ment environment where intense jamming can be encountered. Having se-
lected a location for the relay aircraft that minimized the length of the long-
est critical cormnmunications path, a second location is selected that, within
a cone (e.g. 30" to 607), i~ at right angles to the primary communication
path and minimizes range. Figure 3.3-6 illustrates the geometry of an em-
ployment environment and relay asaignments that such an algorithm might
have generated. As illustrated, over-the-target control of the strike RPV's
is assigned to the closer relay aircraft. The alternate control link is rough-
ly normal to the primary line. Enroute, the control is by the closer relay
with the exception illustratad. Terrain masking generates such exceptions.

3.3.5.3.3 Plnnning[Reglmning Relay Mission in a Predictable Jamrming
Environment. ere will also be employment situations where the jamming
environment can be predicted; environments that introduce relatively few
jamming sites. In the execution phase it can be predicted that jamming
being encountered will persist. Thus, predictions of probable jamming can
be made, &nd plunning can be initiated to minimize the effect of the jamming.
Technically the problem is identical in the planning and in th. e execution
phase. The only real difference between preplanning and replanning, or

. adjustment, is that for replanning time factors are more constraining.

Given the requirement to cormnmunicate with an RPV in a specific time period

(assume an RPV over the target) and the location of probable jamming sites,
the problem is to select a relay location that provides LOS communications
and maximises the signal to noise ratio. Signal strength is & function of
range only. The strength of the noise signal can be calculated provided the
signal characteristics of the jammer are known. With these data it is
possible to calculate the S/N ratic for several relay aircraft locations and
find which location provides an acceptable or a most acceptable S/N ratio.
Note that an acceptable solution may necessitate penetration of enemy ter-

‘ritory and expose the relay to an enemy threat. From a data processing
peint of view the problem is analogous to the ECM burn-through calculation

which is presently implemented on the Mission Planning System breadboard
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3.3.6 QOver the Target Planning, Strike Missions

3.3.6.1 Weapon Selection Functions

The objective of the weapon system assignment function is to select that
combination of ordnance, delivery vehicles, and attack tactics that is most
effective in achieving the miseion objective with the most acceptable risk.
These three selections (ordnance, delivery wvehicle, delivery tactics) are
interrelated and mutually constraining. The best selection cannot be made
unless available options on all three are considered; either concurrently
or iteratively. '

In planning, the initial consideration is ordnance selection. Available ord-
nance suitable for the target must be selected. How much ordnance of a
given type is needed is a function of the target type (physical features and
dimensions) and the delivery accuracy. Delivery accuracy, in turn, is
dominated by the delivery tactic which is largely established or constrained
by the particular delivery vehicle and crdnance selected. The final deter-
mination of how many sircraft or RPV's are needed to deliver the necessary
quantity of ordnance is determined by the delivery vehicle and its specific
configuration for that ordnance.

Tha threat factor is a principal constraint. Target defenses mav be such
that certain combinations of delivery vehicles and delivery tactics are un.
suitable or undesirable and may be excluded by the Commander's guidance.
Where options are available, the threat must be assessed balszre the most
suitable weapon assignment can be made. Dther factors such as weather;
the naed to assign multiple strike missions on the target, suitability of
ordnance mixes, and the constrsinte of rescurce availability simply add to
the complexity. :

Introduction of the RPV into the inventory does not change the nature of the
weapon selaction problem. For manned aircraft systems the planning load
is wuch that automated support to the weapon selection problem is necessi-
tated by the requirement to rapidly assess the eifectiveness and relative
risko of available aiternatives. The same decisions apply to & pure RPV
force though initially RPV's may provide fewer options, vis-a-vis manned
systems, making the problem somewhat simpler.

In & mixed force of manned aircraft and RPV's, the total number of available
options that must be assessed is increased over pure RPV or Manned A/C
{forces, Moze important, perhapa, the RPV systam and the manned system
differ {n respect ¢to capability tc achieve a mission objective and acceptable
‘visk, The conssquence is that it is necessary to analyee in considerable
detail the relstive effectiveness and survivability factors for RPV's, vis-a-
vis manned systems for each mission prior to assignment, Thus, the load
1¢ heavier for a mixed force than for a pure force of either type, The con.
clusion {s that automated support for weapon selection is a firm requirement,
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3.3.6.2 Procedures and ADP Support for Wea pon Selection

Weapon selection, as used in this report, is the selection of ordnance, the
delivery vehicle, and delivery tactic suitable to the strike mission objec-
tive. It is assumed that ordnai.ce effects data have been generated by intel-
ligence. Ordnance eifects are expressed in terms of delivery accuracy
CEP's. Delivery accuracy in turn is a function of specific carriers and de-
livery tactics.

Under the Mission Planner System program, ADP approaches to support of
the weapon selection function have been studied.

The process implemented in the MPSBB for automated support in Weapons
Selection is based upon the Joint Munitions Effects Manuals (JTMEMs).

These tables are organized by aircraft type, target type, and ordnance type.
For each aircraft type/target type pair the relevant ordnances are listed
along with delivery tactics and fuzing data. In addition, an effectiveness
measure called the ''single pase probability of destruction (SSPD)" is pro-
vi;l:%(k This value is based upon empirical studies and is used by the

M B .

The MPSBB data base stores the three ordnances with the highest SSPD for
each aircraft/target type pair. When a target type and an aircraft type have
been selected, the three ordnances are displayed and the planner selects
the ordnance which he. prefers. Provision is made for selection of ather
ordnances hesidea thuse displayed. If a displayed ordnance is sclected, the
system will calculate either the probability of success for a given number
of vehicles, or the required number of vehicles for a given (desired) prob.
ability of success. ‘

The best ordnance, weapon caxrier, and tactic may, however, bes undesir-
able {or unacceptable) because of the target defenses. Consequently, it i
important to assess the threat to a mission penetrating target defenses and
delivering the ordnance particularly as it affects the delivery tactic. The
route safety scoring capability described in subsection 3.3.3, Route Plan-
niug, is applicable. The options include Automatic Route Selection or
Route Safety Scoring of a deeignated penetration profile. Use of such threat
analysie in the weapon selection process is allocated to the operator. [t is
especially applicable to choices between RPV and manned systems in a
:nl"ika& force. Cornrhanders guidance may be the dominant factor in the
oice. '

ADP Support required to implement the weapon selection function as de-
scribed is as estimated in Section 5.
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3.3.7 On-Station Planning, ECM
3.3.7.1 Introduction

The objective of ECM on-station planning is to evaluate the effectiveness
of available ECM techniques in suppressing the enemy defense capability,
to select the moat effective ECM against the threat to be encountered by
planned missions, and to plan the tactics that will maximize the effective-
nese of the ECM support selected.

ECM is & support mission. The requirements for ECM are derived from an
analysis of the threat to planned missions. The offectiveness of ECM
missions can be assessed only in terms of the degree to which ECM de-
grades the capability of the enemy defenses to engage friendly misaions.
There are basically two ways of reducing the effectiveness of the enemy
defense capability through the application of ECM techniques. One is
directed at preventing effective engagement by suppressing the capability of
the eneray defence sysiem to detect and track friendly flights and/or prevent
effective control of wespon intercept. The ECM techniques available for
this application include:

o Noise jamming of early warning, detection and tracking radars
and essential communications links.

o  Varioue types of decoy jamming and "'smart jamming"
techniques to induce track break after weapon launch

The specific mission types addressed are Noise Jamming and Chaff Pre-
cursor Miasion.

Another way of using ECM to degrade enemy defenses is to induce the enemy
to expand their defensive capability against false targets and non-existent
tracks and threats, To accompliah this, variows diversionary and decoy
tactics and techniques can be applied, c.g. expendahle drones that generate
tracks appearing to be manned aircraft flights, The effectiveness of such
tactics and technique are highly dependent upon the campaign strategy and
tactice employed. The capability to plan such a mission, once the mission
objective is established, is not subsiantially different {rom the direct suppoxrt
miseions that are addressed,

3.3.7.2 ECM Noise Jamming, Mission Planning

Standoff Jamming, Escort, and On-Board Jamming are similar in that
these missions suppress the enemy alectronics systems by introducing
noise into the victim receiver. To be effective, the noise in the victim re-
ceiver must exceed the signal being protected by a predetermined threshold

The variables in calculating jarnming effectiveness as defined above can be
quantified and the relationships among the variables are known. To calcu-
late the strength of the signal to be protected, the following variables are
input:
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o Geographic location, power output, and the signal character-
istics of the victim radar.

o Range to the missgion aircraft that are to be protected, a
function of flight profile.

o Radar cross section of the mission sircraft which is a function
of the type aircraft and their configuration, aircraft formation
and the aspect angle. '

Given these inputs, the strength of the signal to be protected can be calcu-
lated along & given flight profile.

To calculate the signal strength of the jamming signsl, the following vari-
able are inputs:

o Jamming signal strength and jamming signal characteristics
which must be matched to the victim radar receiver charac-
teristics.

o Distance from jamming signal source to victim radar.

Given theae inputs, the strength of the noise signal in the victim radar re-
ceiver can be calculated.

While the problem can be quantified, the application in & dynamic environ-
ment is not eimple. The mission aircraft are continuously moving relative
to the enemy defenses. The noise source will be moving in an orbit or in
some other mission flight profile (in theve applications, it is assumed that
the noise source is not on the penetrating aircraft or RPV a0 that triangu-
lation and/or home-on jam techniques 2re nullified). The noise to signal
{J/8) ratio muat be calculated along the flight path of the mission aircraft
being protectad. If the required J?S ratio along the flight path of the mis«
sion baeing protected ie not achieved, complete defense suppression is not
achieved. Investigation of the J/S ratio slong the route will determins when,
where, and {or how long, the mission being protected is exposed to tha de.
feneive radar nets. Options available te achisve more effective defense
suppression include modifying the noise source, rmodilying the flight profile
of the jJamming mission, and/or modifying the flight profile of the mission
being protected. Assuming, howevar, that the flight profile of the mission
being supported was initially planned to minimize exposure, the primary
options sre to modify the flight profile of the jarnmer or to add more noise
eousrces .

Manually, this {s a time-consuming process. As part of the MPFS algorithms
have Been developed that autormaticaily calculate burn through; that is, a

J/S ratio that axcesds a pre-established threshold value. The data can be .
presanted so the effectiviness of clternative plans cen ba quantitatively
compared. The process cof celculating effectiveness and presenting data to
the operator on the effectiveness of alternative ECM plans is described in
Section ¢. The process is applicable to the planning of RPV ECM missions.
ADP support requirements to implement such ADP support to RPV mission
planning {¢ addressed in Section 5.
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3.3,7.3 On-Station Planning, Chaff Precursor Missions

There are a number of applications of claff to defense suppression The
chaff precursor mission is comronly used to screen multiple flights of
friendly aircraft penetrating on a route. In other applications, chaff may
be used to break track or to add clutter to the victim radar when aircraft
penetrating target defenses are within the defense lethality zones. These
latter applications are typically on-board techniques used reactively when
a flight penetrating target defenses is being tracked.

FEl S i N e S
AR ST 7> T e T

Since the chaff precursor mission is a primary defense suppression support
mission, on-station planning for the chaff precursor mission is addressed.
However, the principles described can also be extended to other types of
chaff missions.

In planning a chaff precursor mission, three decisions must be made:
o  What kind of chaff bundles to drop.
o Where and when to drop them.
o How much to drop {drop interval).
The initial requirements data are the outputs of the route safety scoring
: function which yields data on thas exposures to be screened (see subsection
3.3.3). Other data required includes:
o Location and dimensions of the screening corridor, and

length, width, dept, and time period over which effective
screening must be provided.

o Radar cross sections of the flights to be screened.
o  Technical data on the enemy radars to be countered.

The kind of chaif to drop is established fromthetechnical data on the victim's
radar(s), specifically the radar frequency bands to be covered. It is ex-
pected that this will be accomplished by table lookup. The sccond decision,
where to drop the chaff bundles, is a problem of detarmining the movement
of the chaff reflectors as a function of time, drop rate, dispersion rate and
horizontsl displacement. The constant factors are the phyaical character-
istics of the chaff reflactors and the dispensing techniques; the variable fac-
tors are atmospheric conditions, horizontal winda, vertical component of
winds, turbulence, and atmospheric density. At any given pressure alti-
tude, the priacipal variable ie horizontal wind. Given the dimensions of the
chaff corridor required and the movement factors, the drop point can he cal-
culated quite simply. There are two constraints, the maximum drop alti-

: tude feacible and the optimum time between drop and the tirne an effective

= . corridor is formed.
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The final decision, how much to drop to provide continuous screening, is
determined from the dispersion factors described above and the technical
data on the chaif reflectors,

Consideration of the type of decisions required, the type of input and output
data required, and the nature of the processing, leads to the conclusion

that automated support to planning a corridor chaff mission can, and should,
be provided, This i# currently under study in ADMPS, The data base and
data processing requirements presented are based on an implementation
concept that applies planning factors for pod selection, still air drop and
dispersion rates, and chaff effectiveness versus time after drop (chaff
density in still air), Two variables are introduced by the operator; horizon-
tal wind components and an atmospheric dispersion factor related to the air
mass stability, With these inputs, the location and density of the chaff cloud
versus time is automatically calculated and drop intervals are established
along the flight path., Requirements, if any, for parallel dropa can also be
calculated,

The algorithms required to automatically generate a chaff precursor mission
flight profile and to establish the location and time on the flight profile where
the chaff is to be dispensed have been conceptualized. Subsumed is a capa-
bility to select the chaff pod and the dispensing technique most suitable for
the mission, The ADP support required to implement the process is ad-
dressed in Section 5.

3.3.8 Reccnnaigsance Mission Planning Control Considerations

Analysis of the requirements to plan and control RPV reconnaiss~uce mis-
sions was not required for this study, However, need for an RPV Command
and Control Systsm that can accomplish reconnaissance mission planning
and control has been considered in the development of the RPV Command
and Control system concept,

Relative to planuning, the route profile planning and route profile coding pro-
cedres which have been described ave app!icable to reconnaissance
missions,

Reconnaissarce target grouping and on station planning for RPV reconnais-
sanie is similar in every respect to manned aystems, The ADP support for
reconnaissance mission planning, currently being developed under the ad-
vanced development MPS study, is apphcable to RPV with only minor
modification, :

The physical control of reconnaissance can be provided by the launch,
enroute, return to base, and recovery control system described in sub-
séction 3,2, Physical Control of RPV, The special requirement that the
reconnaissance RPV vehicle introduces in the ne=d for the ground station to
receive and process intelligence data obtained in real time or near real
time,. This requirement is not, however, RPV unique since it alsc applies
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to maaned systeme, The RPV does huwever introduce one unique factor,

Since the RPVs may be used to obtain intelligence data in high threat envi-
ronments where the probability of loss is relatively high, the requiresment
to provide an inflight intelligence reporting capability is more imperative,

Implementation of real time snd near rsal time transmiesion and processing
of intelligence data impacts »il elements of the RPV aystem, The RPV ve-
hicle must be instrumented to stors and forwurd intelligence data collected,
The communication links flirough the relay aircraft must he designed to pro-
vide the cormmunication linke and link capacities raguived, The greund
based element must be capabie of receiving, processing, and distributing
the data. The ground based slement can be muds a part of the DCF or,
alternatively, may be an element of the intelligence proceseing system coly-
cated and interfaced with the DCF control alemont, L

3.3.9 Llaunch and Recovery Contrel

The assumption that dominates the requirements to plan launch and recovery
operations is that the launch and recovery operation will be standsrdined.,
For each launch and recovery site there will be preplanned launch and re-
covery corridors. Standard emergency procedures will be preplanied.
When one accepts theee assumptions (Air Force operations parsonnel who
have been briefed on the concept have accepted them as valid) the require-
ment to plan launch and recovery i{s quite simple. The following reguire-
ments are inhevent; ’ -

8. For an oparationsl day {or other oparational period) select
those preplanned launch and recovery corridoys at ench
launch sand recover site that may bo used {(or identify thoee not
permitted), Opsrationsl foctoss wuch sa rones restricted for
Army use, changes in friendly ordsy of battle, end RPY launch
snd recovery corridors reserved for training may cause tem-
porary reetrictions.

- b, Within an operational day, the factore that affect the selection

- of acceptable launch sud recovery corridors tye resourcs
svailability, weather, and the schedule requiremnente. The
considerations are simple. Resource svailability refers to
the availability of launch »ad recovery facilities (RPV svail-
_ability wae verified in the assignment function). The principal
westher factor is wind and the preferved launch corridor will
be up wind. Threshold {fectors for maximum wind, maximum
cross wind, and maximum troil wind components can be esteh-
lished as woll as minimum for celling and vicibility The lat-
ter apply particulzrly to recovery. Schedule factors relate to
the wmeximum launch and recozery rato at any launch and re-
covery site

The simplicity of these factors leads to the conclusion that thers is no re-
quirsment to provide a specific algorithm to support corridor selection,
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Statue data on launch/recovery facilities, and weather are required as are
data on RPV operations already scheduled. With an automated system,

these data are in the data base and can be automatically displayed on request.
it is well within the capability of the operator to manually assess status and
select the launch and recovery site and corridor.

An algorithm providing automatic schedule checks and data cn the available
launch and recovery ''time slots' that are equal to, less than, or greater
than the desired launch and recovery time slot would be a uscful aid. As
will be addressed later, such a capability is required for monitoring the
operation. A scheduls checking algorithmn is required to examine the total
schedule for poasible conflicts. These eame ADZ capabilities are provided
for other applications and should be applied to support the salection of .
launch and recovary site and time.

3.3,10 Flan Review

The preceding sections have addressed discrete glamning ﬁmctmns with
little conasideration given to the rsquirement to insure schedule consistency

- between individual missions and for the force. It might be asserted that

appropriste coordinated schedules must have bean gonerated since individ-
ual-schodules are sontrolled by the time«cver-target o time on station.

Also, thare is an on-going schedule check rince launch, enroute, and re-
govery schedules were generated to be consistent with the controlling time

and, st the same time, not to overload communications relay missions,

" launch-and secovery sites, o sthey mission-essential facilities, However,

bezsuse of the namber of missione plannad (up to 240}, and concurrent
planning by muitiple operators, undasirable (or v.mac:eptable) schedule ad-

.justinents inay have been introduced in individual missions or schedule con-
- {licte maay have bson lntroduced inadvertenily, As & result, there is a firm

reguirement to review he total operation as planned to establish whether
coordination of schedulss hos been achieavad, Further, Current Operatione

would alwsys want to know Wwhather adding & new mission to the schedule or

" adjusting & mission schedule ntroduces conflicts.

Accepting that thare is & raguireraent to veview a total schedule (Plan} for

interunal conisistency. the next conéideration ir how it should be implemen-

ted. Ou the MPSBE, thare is a capability eutitied Titne Sequence Review

TSR}, The capab:iity. as implemented, provides a graphic display of the
logcation of all airborne missions time-sequenced through a specified time

poriod. Simply stated, the flight plan for each mission is used to generate

: synthenc track data, which ie di-phyed with update rates greater than real

time. Tho operstor can then view the planned movement of "missions"
over extended time periods in 3 few minutes and assess the time and space
velstionships .

In addition, the TSR capability automastically detects airspace conflicts, both
lateral and vertical, The constraint is that an sirspace volume surrounding
a mission is not permitted to intersect sn airspice volume arcund another
mission. This c.ability can be applied to RPV mission planning to insura
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that the flight profiles and schedutes do not introduce airspace conflicts.

The ranablhty can be a.pphed to RPV missions only or to all missions plan-
ned in a mixed force.

The requirement to provids a plan review capability was alzo stydied under
the SEEK FLEX Study and fur the Automatsd TACC. The implementation
concept developed for those studies was a elatively simple check in real
time of the individual mission schedules at critical points along the route.
Constraints were introduced; e, g. , maximum arrival rates allowable,
maximum sustained arrival rates allowable over a given time period, or no
Bomb Damage Asegessment missions on a target within a time period less
than At minutes after strike or greater than At minutes after the strike.
This limited concept can provide much of the capability required to auto-
matically review a force plan for consistency and conflict.

ADP support requirements to provide a plan revzew capability are addressed
in Section 5.

3.3.11 Mission Monitoring Funetions

3.3.11.1 Operational Requirements and Assumptions

There are two aspects to the mission monitoring function. One aspect is
the monitoring of the air vehicle's subsystem performance and the relation-
ship between state plar::d and state achieved (e.g., time of arrival at a
checkpoint)., The outputs of such monitoring are control directives neces-
sary to achieve the ‘usired state. In manned systems, such monitoring is
accomplished by the pilot. In RPV systems, the controller exercises phys-
ical control (suvtsection 3.2), The other aspect of monitoring, to be ad-
dressed in this subsection, is the monitoring of the progress of all force
missione, The operational requirements are to assess the state of mission
essential rogources and the progress of mission execution in accordance
with the plan. Additiorally, the effect of any new factors (updated intel-
ligence and current weather) on the force employment plan are assessed, as
well as any daviations from the plan,

The introduction of RPV into the inventory does not significantly impact the
force monitoring function, The operational requirements are basically
identical, irrespactive of whother the force is a pure manned force, a
mixad force, or a pure KPV force. The .nly differences that can be en-
vision.d &rs these:

a. DBecause RPV is capable of maivtaining an exact preplanned
profile and schedule, there are increased opportunities to
plan close coordination between RPV miscions, or between
RPV missions and manned missions. More exacting coordina-
tion may, however, impose requirements for more exacting
x*‘aonitormg to ¢ata’.ish what adjustments are rcqurad. if any,
to achieve the desived coordination.
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b. The fact that near-real-time communication between tas
physical controller ard the force control element is oparation-
ally feasible introduces additional capabilities to exercise
near-real-time control, This may require the maintenance
of carrent status in more detail than is presently required
(e.g., more frequent pueition reporting), This same capa-
bility also means that schedule deviation can be detected and
reported automatically (human error and prejudice eliminated),
Therefore, reporting by exception may be more acceptable
tor RPV'g vis-d~vis manned aircraft,

Thesae differences are not differences in kind; they are differences in degree
only. All factors considered, the requirements for monitoring RPV vis-d-
vis manred aircoaft are basically identizal,

3,3,il.2 Implementation Concepts for 4.2F Support to Mission Monitoring

The basic premise is that the 485L system can provide the monitoring capa-
bility required by the Air Force for resource status monitoring.

ADP support i3, however, required tc exercise physical control of the RPV's,
Once ADP lo established independent of the requirement to monitor mission
progress, it provides a capability to automatically report rnission status
from the RPV to the control station, In turn, the capability to generate

status reports, either actual status or exception reports, can be implemen-
{ed with little additiunal coat in tsrma of data base raguired and program

and processing reguirercants, Were this desirable, then the following caps-
bility is consideced as xequired;

&, Automstic generstion and transmission of progress reports, in-
cluding launch, strike, on-station, off-station, recovery and
enroute chisckpoints,

b,  Automatic genaration and teansmiselon of exception reporte
whenever a condition exists that may, or will, result in an
operationslly significant deviation of the flight profile and
schedule from that planned,

If the 4851 data source terminal (DST) is collocated with the DCF, or is an
integrsl part of the DCF, no additional ADP support is required to provide
this capability beyond » program interfacing the physical control processor
with the message conipoei-ion processing,

In addition to the abiove, the plan review capability deseribed in subsection
3,3,10, Pian Revisw, provides an automated capability to veview planned
operations and automuatically detect facility overloads and sirspace conflicts
introduced by the plan, To apply this capability to mission monitoring re-
quires only that actusl times be substituted for planned times and the review
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program be executed, The concept is as follows, Schedule exception re-
ports are automatically initiated whenever a deviation exceeding a preset
threshold is detected, Such reports are input into the plan review function
which automatically establishes whether the deviation generates any schedule
conflicts or overloads, If it does, an appropriate alert message is formu-
lated and transmitted as follows:

a. The message is displayed to the operator cxercising physical
conirol of the RPV, This mecssage also includes other addres-
ses for this message as dictated by S,O.P,'s.

b. The physical contrcller takes that action necessary and author-
ized to resolve the conflict, For example, if an RPV is re-
turning to the recovery point and the recovery facility is
overloaded, an orbit turn or hold may be directed by the
phyaical controller to resolve the conflict,

¢, Tranamispion of the exception report to other addresses is
authorized by the operator,

d. If the schedule deviation is tranemitted to the agency exer-
cising foyce control, the report will be automatically processed
and displayed to the responsible operator, Within the TACC,
‘this will be a function of the 485L system. No additional capa-
bility is required,

e. If the schedule deviation is tranamitted to the CRC, the unit
axercising airapace control, the report will be processed the
same as any other schedule deviation report.

In genoral the ADP capability to support functions involving the supply of
data to the TACC for mixed forcea is sufficient to support the total mission
monitoring function for a pure RPV {orce deployed without an automated
TACC, ' ’

ADP support for tihe monitoring function is addresecd in Section 5,
3,3.11.3 Mission Adjustment and Replanning RPV Missicns

The mission monitoring function provides data on mission deviations und
statue data that may require adjusting the oparation of the force to minimize
the sffect of detected deviations., Additionally, within the force there ia a
capability to receive and assess updated intelligence and status data and
immediate requests for missions, The 4851 system provides automated
processing and display of such reports which may initiate mission replanning.
It is assurmnad that the 4851 capability is available at the TACC, and that
there is a DST co-located with the DCF (or that the capability of a DST is 2n
{ntegral pazt of the DCF),

This subsection nddreases the reguirement to plan an adjustment to an RPV
mission and to cruse the RPV to execute the adjustment, Requirement to
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adjust the communications relay mission(s) to minimize the effect of jam-
ming is addressed in the next subsection,

The functional capability required to replan an RPV mission is basically
identical to the preplanning function, The only difference is that for re-
planning it rhay not be necessary to consider every segment of the mission,

Implementing a new RPV mission or adjusting one already planned intro-
duces a unique RPV requirement, the necessity to code the changed plan and
to insert the plan into the RPV system. If the RPV has not yet been launched,
the process is identical to that described for preplanning, Response time
requirements are, however, more critical, The concept for current opera-
tions makes it imperative that the capability be provided to automatically
convert a planned profile into a coded flight control program, (It is assumed
that the response requirement for RPV's is comparable to those for manned
missions.) If an airborne divert is desired, the revised program must be
inserted into the RPV system and executed while the RPV is in flight, The
concept for physical control described in subsection 3.2 provides this capa-
bility, :

The conclusion is that the requirement to replan RPV missions and to adjust
preplanned missions and to execute the controle to implement the new or
modified plan can be satisfied by applying the capabilities provided for pre-
planning and for physical control. As before, the capability is sufficient to
perform the nocessary replannii; or adjustment in the absence of any part
of the 485L system,

3,3.11,4 Mission Adjustment and Replanning Communications Relay

There are any number of conditions that can initiate a requirement to replan
relay missions, For example, relay mission delays, aborts, etc.,, can
materialize, One critical cauce for Yeplanning would be to reduce vulner-
ability to enerny ECM, When jamming is encountered, the location of the
jamming source can, in n.any situations, be established as a strobe line, or
a location which i an intersection of two or more strobe lines, From an
analysis of the jamming signal received and the intelligence data on enemy
jammers, the technical characteristica of the active jammers can be estab-
lished, With ADP support, this can be accomplished in near real time., If
one simply considers the geometry of the problem, a relay aircraft at a
range of 180 nm from a jammer flying at 500 knots normal to the ja er
line of aight will change the line of sight "gff angle' at a rate of 2,65 per
minute; at 100 nm, the change rate is 4,9 per minute, Assuming reasonable
directivity of the comumunications beam, the relay aircraft can be repositioned
in five or ten minutes, such that the new location is significantly more ef-
fectiVe. ’

Enemy tracking of the relay as a countermeasure is fully effective only if
the jammer and the target are co-located, ‘Ihe enemy problem is further
compounded if there are two relay aircraft on-station, The enemy also does
not know ahead of time the target objective of an RPV that he may have
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detected, The jammet(s) he has chosen to ~ctivate may ot be the most ef-
fective against an attack or attacks that will materialize in five or ten hiin-
utes,

The capability required is to assess in near real tifne the effect of a pre-
dictable or experienced jamming environment on the relay communications
links and to establish how the relay aircraft might be repositionead to mini-
mize the effect of jamming being encountered., The ADP support required
to provide such a capability has been described in subsection 3.3.5,3,3,
Replanning of relay missions as a result of other causes is well within the
capability of the planning system that has been described,

3.3.12 TACS Interfaces

The requirements to interface the RPV Composite Group Command and Con-
trol System with the TACS is similar {n every respect to the interface be-
tween a manned aircraft wing, its Tactical Unit Operations Center and the
other TACS elements, The TACC inputs the frag order to the RPV Group
plus directives tc adjust and redirect missions, The RPV group reports
data to the TACC on the status of resources, mission schedules developed by
the RPV planning function, and progress reports of missions in the execution
phase, There are, however, certain unique features of RPV operations and
the RPV command and control system which will, or may, affect the quantity
of data reported, as well as the kind of data.

These considerations are largely dominated by operational factors, It is not
possible to resolve them from an analysis of the RPV System alone. They
must be resolved by the using commands, They probably cannct be resolved
until the RPV system concepts and the operational concepts for employment
are clearly specified, A general conclusion can, however, be reached, The
opportunity exists for greater data exchange between the TACS and the RPV
force. No additional functional capability is required; it is a quantitative
factor only, The cost to provide additional capacity, if that is operationally
desirable, is not high, It is a factor that does not significantly impact the
RPV system design or the design of the RPV system TACS interface,




SECTION 4

MISSION PLANNING SYSTEM APPLICATIONS TO
RPV COMMAND AND CONTROL

4.1 INTRODUCTION AND BACKGROUND

The growth of aircraft technology and the requirements arising from the many
problems of modern tadtical air operations have multiplied the amount of
information that must be considered in mission planning. Conversely, these
same factors have decreased the time available to do so. Automated aidsare
therefore necessary which provide the planner with the capability of rapidly
reviewing essential elements of information and allowing him to decide, at
each critical point in the planning process, the direction in which he wishes
to proceed, The critical decisions are formulated by the planner through his
unique ability to determine patterns and trends when appropriately presented
with a large number of factors, -

In a tactical air environment, a planner is almost invariably in a situation
where the number of targets which must be attacked far exceeds the available
resources, Further, operation in the threat environment is hazardous to the
resources. This means that the planner must face four major responsibilities;

a. Insuring that each misaion is a success,

b, Insuring the safe return of his resources,

¢, Insuring that the value of attacked targets is high.

d. Insuring that his resources are allocated in the best manner.

As mentioned before in most tactical environments these responsibilities
must be met within a limited time.

Under the ground data processing element (691F) of the Advanced Levelop-
ment Program 691, '"Force Protection Program!', the USAF Rome Air Devel-
opment Center has sponsored the development of a Mission Planner System
that offers the capability to preplan and/or simulate combat and combat sup-
port missions for manned aircraft, The system includes automatic data
processing and display equipment as well as necessary computer programs to;
1) rapidly develop and evaluate alternate plans, 2) through an iterative proc-
ess, to derive an effective plan for a given mission, and 3) evaluate the over-
all effectiveness of this planning.

The Mission Planner System is not a single path '"‘canned" process, but
rather a comprehensive natwork of multiple choices, In deciding which path
to take at any given mode in the network, the planner is assisted by automated
data rotrieval and presentation techniques, incorporating comprehensive
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effectiveness/performance criteria. The System enhances the cperator's
ability to perform datailed planning of associated combat and support mis-.
sions, to effectively use his available resources to satisfy all mission
requirements, and to maximize the probability of mission success.

The Mission Planner program achieved a significant milestone in December,
1971, withk the successful development of a comprehensive group of coniputer
programs known as the '"breadboard system.' These programs have been
installed for test and evaluation, on a commercial data processing system at
the Armament Development and Test Center, Eglin Air Force Base,

The Miesion Planner Breadboard can be applied, almost in its entirety, to
RPV planning, Subsection 4.2 discusses in detail the overlap in preplanning
functions for manned aircraft and RPVs.

In addition, an Advanced Development Mission Planning System (ADMPS) is
being developed for the Air Force, This ADMPS will have expanded capabil-
ities over the breadboard system. The present breadboard system handles
only strike and ECM support missions. The ADMPS, however, will handle
additional missions, such as recennaissance and ELINT missions,

The ADMPS will also have expanded ECM capabilities in areag such as chaff
and other expendables which have direct applicability to RPV planning,

In considering the uee of the mission planning breadboard for manned aircraft
and for RPVs, there are many common functions, as well as unique functions,
for each, Not only may the functions be different, but the required detail and
accuracy of the plans may differ for manned aircraft and RPVs, There are
also unique functions required for the different types of missions such as
interdiction, reconnaissance, and ECM support. The following subsections
are concerned with these factors as applied to the Mission Planner Breadboard
System,

The first subsction (4,2) describes the Mission Planner Breadboard System
and illustrates it by providing a single thread planning scenario.

Subsection 4, 3 desctibes how certain of the breadboard functions have already
been utilized for RPV mission planning through changes in the data base
and/or minor program modifications, Breadboard program modifications
necessary for extending the breadboard system to accommodate additional
RPV functions of Command and Control are found in 4,4, New system
capabilities for RPV planning, monitoring, and Command and Control which
could be added to the breadboard are containad in Section 3, In Appendix A
there is a description of the demonstration on the breadboard of some of the
RPV planning functions accomplished for interdiction, Command and Control,
and ECM support missions with the results of these demonstrations,
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4,2 MISSION PLANNER BREADBOARD SYSTEM
4,2.1 _Intrgduction

The Mission Planning Breadboard System consists of software programs

which are implemented upon a commercial computer and dual displays, as
shown in Figure 4.2-1. One display is utilized for graphic information and

the second for alphanumeric data, The Breadboard System is capable of
demonstrating the automation of certain functions requisite to the planning of
such missions as interdiction strikes and ECM support. The System provides
the planner with a capability to deal with a multiple mission planning environ-
ment while preserving inter-mission relationships over the time period in which
which the missions will be executed.

The Mission Planning Breadhboard System augments the planner's decision-
making process from the selection of a mission requirement through the

Figure 4.2-1, Mission Planning Breadboard System
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completion of a mission plan. The operator develops a final plan for each
mission through an iterative process with the Syatem in which he considers
the nature of the target, the availability of resources, an optimum route to
and from the target, the characteristics of existing threats, and all available
means by which to minimize the threats in executing the mission assignments,
After each mission has been planned the System supports the planner in his
review of the overall multimission plan in areas of coordination, i.me space
conflict, and mutual support. The planner calls for various planning functions
by using a set of function buttons as shown to the left of the graphic display
in Fig“l‘e 4. 2'10
Some of the planning functions which are presently demonstrable on the
Mission Planning Breadboard System at Eglin Air Force Base, and at
Litton Data Systems Division, Van Nuys, are:
a. Target characteristics review.
b. Review of previous missione againsat the target.
c. Aircraft and ordnance selection,
d. Resource assignment,
e. Call sign assignment.
f. Enemy Order of Battle review,
g« Semi-automatic route selection,
-5. Route safety analysis.
i. Automatic route selection.
Jo Automatic selection of on-board jamming equipment,
k. . Automatic configuring of sircraft external stores.
1. Fuel calculation and tanker requirements development.
~ m. TACS assigument.
n. Automatic selactiou of standoff jarnming orbits.
p. ECM effectivencss analysis.

Qo Thﬂ sequsnce review (preflying the miscions) to verify mission
- compatibility (co time-space conflicts) and continuity of planniag.




TR

The Mission Planning Breadboard System was developed to address manned
aircraft missions in the context of preflight mission planning, The current
capability has recently been modified to include some unmanned aircraft
mission planning, Many of the existing planning functions can be used incon-
junction with air situation data in a logical extension of the system to include
real time command and control of both manned and unmanned mission
execution.

4,2,2 Mission Planner Scenario

The following pages present Mission Planner Breadboard System capabilities
and functions, The presentation is in the form of a scenario which describes
the way in which Mission Planner Breadboard software is used to plan inter-
diction missicns, as well as the ECM support for those misgions., Although
the Advanced Development Mission Planner will plan all types of tactical mis-
sions, the present Breadboard is limited to interdiction missious and

ECM support,

The scenario is set in North Korea and assumes that three things have
occurred prior to the start of planning.

a. A setof requirements (targets) has been selected and given
to the system for detailed planning,

b, The apportionment of sorties for interdiction and ECM support
has been accomplished.

¢, The data base has been updated to reflect changes in friendly
and enemy status.

With these assumptions, the scenario begins,
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MR MO TARGET 18T NO. LOCATION RESOURCES REQTS DATE

L SARIWGN WiL. AREA  BE 1007 38.200-124.45E 4 F40 M 120EC T4

w g‘lnlﬂél RIGHWAY 8 1546 IBANIBRE 2 FI11A KEN STRIKE TiME
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m WWANGJU POL AREA  OE 184 JLINA2NATE

w = = - TO SELECT TARGET ENTER MEN MO, SHIFT/ENTER

~_ A

Upon activation of the function key INTERDICTION PLANNING the set of raquiremants for
today's planning effort appears. Five requirements were provided in the scenario. The nature of
each raquirement along with relevant data on each is shown on the aiphanuineric (A/N) display.
The geographic location of each potential target along witih the location of friendly bases is
shown on the graphic display.

As of the start of the scenario resources have already hsen assigned to the first four targets. The
scenario describes the manner in which the mission against the Hwangju POL area is planned. The
procas bagins with the planner's entering via the keyboard, the mission numbar {710) in the indi-
cated space on the display.
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As O0NR_ B8 4y targst is sa?a&.m! & s;sacxai tsble Is initiated in wirich tha details of the plan are
stored, This table & called the Mission Summary. The display hes its own function button
©and the plannar may display $his Mission” Summary at any time during his manning cyclo.

o The ta%;ta wnm af thire smions

. ,&;’g@k,ﬁm__'
2. Plan Dats
“3 Sw!)m

“The tarw ams wame divsctly fram ma ‘data base. Thus that portion of thy tabile is tilled in os

. so0n 85-the target is seloctivd. The other two sactions sre fillud in 33 the planner uaﬁamas the vart-

, ‘m atmnim fum‘ans.

’%’htm the m%amm cosniotes & mncnm either the relevant daty are stored dircctly i the table or,
o vhe data whe veluminos, & sxerisk is umd to indicate completion. Thus it can serve to remind
hiin of What still neads to be done. If he wishes to aavisw the ress!ts of any coinpléted function,
he does w0 by mwmg the Wﬂa identifving number in fhs spane at the bottom of the

dwav.
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TARGET DESCRIPTION

710 HWANGJU POL AREA  BEISM  38.380-126.40€ FOLDER 3102785
TV~ AREA 55 CAL POL DRUMS T6XT8M (KILL}  ONE POL TANK SM DIAMXTM HIGH (KILL)

YOT- 12/0838 DEC ELEV-MM 0%-CESTROY RIL/STORAGE FACILITIES

DESC-TGY AREA SOAXSOMMA. 8. £ EQGE  MWAKGIU VILLAGE. TWO (2) 68K GAL
STORAGE TANKS. ESTICA. 300 65 GAL ORUMS PLUS PUMPING/DISTRIBUTION
FACILITIES. DMM-TWO TANKS AND CENTER OF TGY AREA.

C/G-

REM-TOT STRUCK BOEC

s EOTHRARS TR SANTTAIE TP A TN T ST

1. KIE/ROST MISSION ANALYSIS

When the plannar selects a particular requirement for planning, new graphic and new alpha-
numeric dispfays are generated. The A/N display presents detailed target description data from
the deta base. In addition to the basic descriptive data, the nlanner gats a reference tu a target
folder. This folder contains amplifying hard copy data on the target inciuding any reconnaissance
photographs. If there is sny command guidance with respect to this targat, it i included in the
display as wall a3 a reference to previous strikes.

The graphic dispiay continues to display all frigndly bases but the upper portion is modified so
that only the selacted target is shown {as an asterisk). In acddition, the enemy missile and AAA
defenses within a 26 mile radius of the target are also automaticatly displayed.

it the planner withes to review the previous strike sgainst this target he dogs so by entering a
symbol in the space in the bottom line. If not, he activates a different function switch.
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PRE/POST MIESION ANALYSIE
WWANRIU POL AREA'  BE1SAS  3L.I3ON/12547E

T/0 LG 0 $ CRS FLIt®C 95
ClMs FL2W » . 1 OCND FLEe® 55
CRE Fi2ee 25
DCNC  FLMO ML
CLME FLING WL

~ -

[ 3 NN R

If the planner selects '‘Pre/post Mission Analysis' the displays present basic data on the previous
mission against that target. The graphic dispiay presents the route profile as it was planned. in
3 : addition, if the data were cvailable and were stored, it would also show the mission as it was
- flown. Any EQB (Enemy Order of Battle) reports or data associated with the mission may also be
b ¢ displayed. Discrepancies between the ““as planned” and the “as flown' routes may be related to
p & - events as described in pilot debriefings or in other intelligence sources.
: The A/N display presents amplifying route profile data and after reviewing these data the planner

can proceed by activating another function switch.
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‘COMMAND GUIDANCE XXXX SHIFT AND ENTVER FOR TACS COMMAND GUIDANCE XXXX
TGT AREA-HL:MIN ALT FL 70 AGL. EL: PENETRATION ABOVE FL 50 UNAUTH.
FL. G, WAL JM, KN: O PERETRATION OF YALU RIVER RUFFER ZONE AUTH.
4L, KL: Wit MIN COMBAT CPNS CEILING S8 VIS § MILES.
ORDMDS/TACTIC-
F106 NG PENETRATION WITHOUT F4E ESCORT.

FUEL-NONE

TGT TYPE-PUL TOTS: ORD SHOULD INCLUDE H.E. AND INCENDIARY.

SEN-ALL MENS WILL ABORT IF WILD WEASEL SUPPORY ABCRTS.
RETAIN TANKS, MERS, MISSILES, PODS.

The planner may aiso wish to review command guidance prior to initiating the actual planning
pracess. A display of summarized command guidance is available when the COMMAND GUID-
ANCE function switch is activated. Command Guidance may be too voluminous or complex
to be shown in tote on the display; thersfore the displayed Command Guidance may consist of
references to appropriate voiumes or documents. To move on from Command Guidance the

planner salects a different function switch.
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TARGET TYPE FOR MISSION NO. 710

TEY NO._ BEVOM

187~ WWANGIU POL AREA

TGT TYPES- 1 AREA §5 GAL POL DRUMS J5X70M (KilL) A/C TYPES- 1 4D

2 GNE POL TANK M DIAMKTN WIBH (KILL) 2 F1osR
3 3 Fi1A
4 4 ATD

TARGET TYPE: | AND A/C TYPE: |
#0. OF A/C: _ OM DESIACD COMFIDENCE: §4
RSN REQ: _ A/B RESOURCER: _ ORD INVEN: _

~ -

The first scenario action for the planner is the selection of ordnance. This function is initiated
by the ORDNANCE SELECTION function switch. The initial A/N display requests the planner
to select available options for ordnence sslection.

Ordnance selection is accomplished thraugh the use of JMEMs or Joint Munitions Etfects Manu-
als. These documents are the resuit of combined scientific research studies as to tha effectiveness
of various ordnance/aircraft combinations against gifferent types of targets. Abstracts from these
documents have been made for the Mission Planner data base. For each possible target type and
aircraft type combination the three best ordnances have been selected. When the planner selects
a specific target type and a specific aircraft type then theso three best ordnances are displayed.

in the display the planner hus chosen target type 1(Area 55 gal POL drums) and Aircraft type 1
(F-4D‘s). The planner must aiso select either the number of aircraft he wishes to use in the attack
ot the probability of successful attack that he wishes. Whichever value he enters the other is auto-
matically calculated for him. In the present case, e has specified a 60% probability of success.

L]
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TGT TVPE- AREA §5 GAL POL DRUMS 78X76M (KiLL)

ORDNANCE FUZE A/C  ND. DIVE ALY KTAS PO P8
t &M iNsT F4D 4 (] e ®3 208
29 IN3Y F40 § L] L] L BT B «]
3 4 NgT F4D § L] 8 L 47 M

ENTER ORDHANCE: ] OR ORDNANCE MENU: _
TGT TYPE: _ MSN REQ:_ A/S RESOURCES:  ORD INVEN: _

~— -

The A/N display changes to present the abstract from the JMEMs for F-4D aircraft against 55 gal
POL drums. Weapon identifiers and other data have heen altered to permit this document to be
unclassified. The three ordnances which are (1) certified for the F-4D and (2) best for this target
type are displayed. In addition, fuze data and optimum tactic are included. The single pass proba-
bility of destruction (Pp) is the value upon which the calculations are based and is also displayed.
Using this value, the computer programs have determined that four F-4D's are required to achieve
a probability of success of 0.60 (or over) using the nine — M-224's. If the planner wishes to use
the nine — MK-86's, then five aircraft are required to achieve a probability of success higher
than 0.60.

The planner selects the nine M-224's by entering the appropriate digit (i.e. 1) in the space labeled
“Enter Ordnance.” From here he goes to the next target type.

4-19




o3

18

o YAU

e

kil

420




JNEM TASLE
TGT TYPE- ONE POL TANK 9l DIANMKTM HIGH (KILL),

ORDRANCE FUZE A/C k0. DIVE ALT KTAS PO PS
1t & N one v 4 L] " @& N m»
2127 NN Mo F4D % k- LB 1 6
3 & MU INST FR0 6 ) 1M & 7 0

ENTER ORDNANCE: _ OR ORUNANCE MENY: _
TGT TYPE: | MBN REG: | A/R RESOUNCES: X ORD INVEN: _

This A/N display presents the JMEM data for the second target type and the F-4D aircraft. For
the purpose 0f the scenario, the planner selects the first ordnance, namely, six M-224’s,

After he has salscted an ordnance against each targat type, he goes to Airbase Resources as indi-
cated in the display. However, prior to the Alrbase displays, a short digression is in order to

- show what happens if the planner withes to use another ordnance than the ones shown on the
JMEM tablas. Me initiates this capability by ssiscting “Ordnance Menu.”
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ORDNANCE MENV

1 ASHA2C MARC 19 CBU-MA/D  AP/AM CLUSTER
1 AGMAZE CLUSTER o LU-MBB AP/AM CLUSTER
3 SLUL/6 FIRE S0MS 12 COU-TIA/S  AP/AM CLUSTER
4 BLEINB (FINAED) 13 COUZID  AP/AM CLUBTER
§ BLUIYD (UNFINNED) 1 CSU3NA  AVLM CLUSTER
§ BALIUR PENETR B 1 CSUMVA  DWR B CLUNTER
T CBUTA/A AP CLUSTEN 13 CBMAY/A AP CLUSTEN

¥ CHUC/A AP CLUBTEN 17 CRUMEA AP JUNBLE CLITR
9 CBUYA AP FRAS CLUSTEN 10 CBUMR/R  FRAR CLUSTEN

ENTEN ORDNANCE: | | AND AMOUNY: _ AND BO. A/C:_ | BEXT f0S: _
TOY YVOE: | MM REQ: . A/D RESOURSES: _ ORD tNVEM: _

The planner cen override the JMEMs and salect any ordnance he wishes if it is available in the
theatre. This A/N digplay presants one page of the Ordnance Manu. Bach ordnance type hasan
identifying rumber. Using the naxt-to-last line, the planner selects an ordnancs, the amount Yo be
carried by aach aircraft, and the number of aircraft he wishes for the mission. Notice that when
- the Qrdnance Menu is used the bresdboard does not calculate the probability of success nor dues
it determine tha required number ot aircraft. Howaver, the data are stored in-the Mission Sum
mary aivd are used tster in Configuration and Fuel Anatysis. ' '
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R A/t NESOURCE AND ASSIGNMENT

P ¥ LOCATION ANC AVAL AT TYPE
Y "N o F40
o Xy “ €160
. ; KN " FIHA
. i TN “ F-1080
3 : oSN 5 ATS
NS | 68U 8 4D

g ENTER AIRBASE: YGU

ax TG YYPE:_ MSN REQ: _ 0AD INVEN: _

3 l\

\ ‘

When the planner selects Airbase Resources, ha receives the data as shown in the A/N display.
Since his ordnance selection was predicated on the use of F-4D's, he must salect either Pusan or
Taegu. He selects Taegu. Mis ordnance selection also postulated 8 — F-4D’s aircraft (four against

each target type). Selevtion of Taegu automatically reduces the ""A/C Avail" value at Tsegu from
§6 to 45.

It it should happen that the ordnance he selected earlier was not available at Taegu, he would be
so informed by a massage at the bottem of the graphic display. in that case, the planner would
presumably select "“Qrdnarce inventory.”,
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SQUAD: § €/3: _ 2 _4 AJC ALLOCATED FOR AREA §5 GAL POL DRUMS

SCUADRON AND CALL SIGH ASSIGNMENT TGU EFFECTIVE 01.31- DEC
- 53 YES F4D 18 2 54 TFS F4D 20 3 65 TFS F4D 16
8 T t NECTAR 2 MOHAWK 3 RED "OG 4 SPEEDY
¥ 5 MUD ME § CORNMUSK 1 SEAFIN $ DOLLY
g 2 IVORY 10 RAISIN 11 OBLIGE 12 MARKOFF
# TS 10 " 15 18
! u 1 18 20
2 2 2 u
. 85 TPE 6 2% 2 n
B 2 36 3 k.
n u 3 %
oM

~_ -

4 if the ordnance were available at the selected base, the graphic and A/N displays as shown here
would appear. On the graphic display only the target and selected airbase are displayed.

R Y

Ve T

The A/N display is modified to show what squadrons are at the selected base and what the autho-
vized call signs are for each squadron. in the actual display, there are 12 call signs provided tor
each squadron. The planner selects a squadron and as many call signs as he requires for the mission,
Call signs are assigned by groups of four with a final call sign being assighed to any left-over air-
craft. For exanple if § aircraft had been required in ordnance selection, he would assign a call
sign first to four aircraft and then assign a second call sign to the single ramaining aircraft. if he
wished to send eight aircraft rathar than five he could return to the ordnance sslaction display
and specify oight aircraft,

The number of aircraft per squadron are automatically decremented and the bottom line keeps
track of how many call signs remain to be allocated as well as how many have already been
assigned.
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ORDNANCE IVENTORY N U KN T O CTeU
A0S FRAS » S “ M
ABBZC CLUSTER » e % 3 W
SLUICA FIRTOONS L - w W 0
SLU-TI/NFINNED) ] m 123 ¢ 8
SLU27/(WREHNED) w & M e M
SLU-J1/3 PENETR DOMS “ L N M
COU1A/R AP CLUSTER o W e " - e
CBU-2C/A AP CLUZTER s A% 5 N5
COU-T/A AP FNAR CLUSTER 12} i B ] M A I
CBU-MATR APM/AM CLUSTER [+ 58 s 68 515 - s1e
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if the planner had selected Ordnance !nventory as mentioned earlier, he would receive this A/N
display. It represents one of several pages describing how many units of each ordnance type are
available at each base. The planner uses these data either to seiect a different ordnance or to set
up a requirement to fly the ordnance from a base where it is available to the base where it is not.
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At this point, the planner is ready to start route planning. This function is initiated through the
ROUTE PLANNING function switch. Because the breadboard so facilitates planning it is
assumed that there will be times when the system is not being used to plan “tomorrow’s mis-
sions.” Thus it can be used to “pre-plan missions against targets which the planner is sure will
become requirements in the future. Such missions can be planned and stored in the data
base until that target does become a requirement. At that time, the mission can be retrieved and,
it it is still satisfactory, can be used as the actual plan. Even if it is not totally satisfactory, it can
be the basis for any planning which must be done.

There are three factors which may make the prepian unsatisfactory. These are:
1. Changes in the Enamy Order of Battle (EOB)
2. New restricted zones
3. Weather

Activation of the Route Planning function automatically displays e preplanned route to the
targat if one exists. However, in addition to the display of the preplanned route, the graphic dis-
play alto contains all changes in EOB data which have occurred since the date of the preplan,
Any new restricted zones are also displayed. Thus the planner can immediately evaiuate his earlier
route in teims of these new factors. If they do not appasar as cause for route modification, he
can aceept the route as i,

As wiil be seen later, a weather display may also be superimposed.

i no preplanned route exists for the target, the iast historical routs to that target is disployed as
the basis for furthar planning.

in the presant scenario, it is clear that the preplanned route now intersects new EOB and a
tr’e‘:trlcted zong (P-30). Further data on the restrictad zone are available by lightpenning
araa.

Route profile data on a leg by leg basis are presented in the A/N display.
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RESTRICTED AREA NO. P30

AUTHORIZATION SEALL AD COMD

START 0TS . - 2631 NOV.

ENpOTa - URN

LOCATION - N.ISNATI.ME

OERCRATION - MISMIIE FREE FIRE ZONE
SURFACE YO 1008 FT.

Lightpenning the restricted area provides A/N data describing the zone. In the present case,
the altitude to which the zone reaches precludes overflying, Therefore route modification is
required.
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/)

Activation of the “Route Modification™ function switch results in the alphanumeric display as
shown, The planner may use either the graphic or the A/N display for route modification, This
display is used to indicate the node or point st which the planner wishes to start his modification.
He may idantify a node by number or a point by using the lightpen.
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ROUTE PROFILE MODIFICATICN MOJE  ALT  MACK  THST BO0E  ALT  MACH  THST
1 Y0 X e MiL

AGUTE MODIFICATION BEGINS AT 2 CIMR 1508 o7t ML

NOUE NO.1 OF OLO NIUTE 3 CAS i WM
4 0CHD 48 oM

ENTEA OFTION: ____ § DASH 18 198

1-M0DIFY CHECK-POINT S CLMB M oM ML

2BRLETE CHECK-POINT 7 CAS W M

3ADD CHELX-POIHT(R) § OCND T 1

— -

i Selection of a starting point automatically causes the A/N display to change to the format shown
= 8 here. This format is used to definc what the planner wishes to do. Selecting one of the three
- options resuits in a new &/N display orignied toward making the desired changes except in the case
of "Delete Node.” if ""Delote Node" is salected, the node which was identified in the previous dis:
play is deleted and the route automatically is connected batwesn the node prior to and subse
quent to the node(s} deleted.

in the scenario, the planner tirst salects option 3 — Add Chegk-pointis).

3
&
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Selection of Option 3 produces this alphanumeric display. The display allows the planner to use
either the graphic display (lightnen} or the A/N display {node number or Lat/Long entry) to mod-
ify the routs, '

Using the lightpen the pla..~er indicates whare he wants the next node to be. A line is then drawn
by the processor from the starting nade (in this cass node 1) to the indicated point. Subsequent
lines can be drawn the same way,

The original route is alen maintained until the planner causes the new route to rejoin the old
ra:ite. At that time, the discarded legs vanish from the scope leaving the new route. Node numbars
are automaticaily changed as required.

Notice in the graphic display, how a new nade 2 was created which by-passas the vesiricted zone
and rejoins the old route at node 3.
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LONG: 12,12 {DDO. MMC)

WEW €O8: ____ RESTRICTED AREAS: _____ EXIT:

~_ A

~ The planner may also desire to modify other types of data relating to a particular leg. Such items
are teg mode, leg altitude, feg Mach number and/or thrust setting. To do so, he would return to
display shown on page 33 and select a node. For the example, suppose he chose node 3. The
next display wouid be the one previously shown on page 37. In this case the planner would
enter a “1” (Modify Checkpoint). This action produces an alphanumeric display like the
pressnt ong.  The data for leg 3 as they presently exist are inciuded in the format, The planner
cart chainge any of thase data by overwriting his desired changes in the appropriate location.
- The route data on the right of the display are automaiically updated as are the data in the flight

pian sumunery,
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The weather display is generated by actwating the WEATHER function switch, This display is
usad by the planner to determine whether his old route or his new one should be modi{ied because
of weather. Two types of weather data are presented on a one degree by ons degree grid, First the
planner is shown data on cloud cover. Cloud cover is shown where it exists in one, two or three
layers, Layers are represanted by the latters L, M and/or H.

1) - 18
THET _ _ _ (WL, MAX, XLL, XXL)

M
>

LAT: J0.51W (DD, MMC)
LONG: 120.12E (DRO. MNC)

L = low level cloud cover
M = medium level cloud cover
H = high level cioud cover
in addition areas with reported turbulence are indicated by a T.

1t the weather appears to be a problem, the planner can refer to his hard copy weather data and
map for more detail. He may also use the route modification capability to change the routs if

necessary .
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EQS REVIEW CISMLAY SELECTION

1 ALL i COVERAGE :_TERRAIN MASK : _DELETE : _COMPLETE :_NEXT PAGE
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1_ AAA AT BT o B3/108AM

i WIBLE CONTROL RADAR : FSA : FS8  : SA  : 6¢
:_FINE CONTROL RADAR  :_WN  : FC 8T
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By sslecting the EQB REVIEW function switeh, the planner can further evaluate his route on
the basis of enemy order of battle (EQB). The pianner selects the particular threat types he
wishes to see from the menu of the alphanumeric display. Me may select one or more classes
le.g. SAM, AAA) or he may salect one or rore subclasses {e.g. SA2, SA3 and 57 MM AAA).
When he finishes his selection, the threat elements he desires are displayed on the graphic
display with the restriction that (1) onty the locatien is shown as Indicated by a letter and (2}
only those threats which actually intersect his track are shown. (Tha graphic display as shown
is slightly differant from the description to this point since it is dasigned to show many capabil-
itins).

Referring again to the A/N display, if the planner sefects “ALL" he is shown all the threats of
the sslected class{es) in the tactical area. Selection of “"COVERAGE,” when accompanied by
light pen action at a site lacation, produces the circle of range coverage as shown in the graphic
display. Selection of "DELETE"” when accompanied by light pen action removes the circles.
"DELETE” when uted with a class salector (e.9. AAA} removes the entire class. During any
light pen actions the various function buttons are made inoperative.  Salection of “"Complete”
after light pen action rastores the option to choose other functions.
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The graphic display shows a typical distribution of AAA sites,
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This display shows a possible pattern of Missite Control Radars. This display may be combinad
wiith the display indicating the location of SAM sites.
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€08 REVIEW DISFLAY SELECTION
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In order to request a display of enemy Early Warning Radars, GCI sites and Airborne Intercept
capabilities, a second menu is required. This format is used in the same way the previous one
was used. The planner selects either a class or subclass of threat.

The graphic display shows the locstion of the EW radars as indicated by an “E.”
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08 REVIEW DISPLAY SELECTION
:_ALL  :_COVERABE :_TEARAIN MASX :_DELETE :_COMPLEVE :_FIRST PAGE

H 1 tTK KA : K8 : RU :_BL :_MF :_FF :_SH : OB

: 80 : 8 MM :_MC : CF : 83 : BN : WD : &0 :_F§
:_AIRBORME INTERCEPY
S0 ¢ M

G 8 wets
Wi 8 mgn

The graphic display now shows the capability to display terrain masked coverage of a radar. This
function is initiated by selection of “Terrain Mask.” This capability is actually available for
Missile Gontrol Radars, Fire Control Radars and GCI sites, as well as Early Warning Radars. The
cavergge sge of an EW radar (seiected by light pen action) at the altitude flown by the mission
alrcraft.

While the programs to provide this coverage ere available, the actual impiementation of the terrain
masking function is severely limited by the relative unavaliability of terrain data.
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This display is typical of the coverage of enemy GCl sites.
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This display represents a typical terrain masked display for a GCl site. The coverage is still altitude







€CS REVIEW DISPLAY SELECTION \\

t ALL  :_COVERARE : YERRAIM MASK : _DELETE :_COMPLETE :_FRET MGE

W IR KA KB O RU O BL MW O _FF : SH :_08
H (-] : 08 MMM :_MC O CF : B2 B :_ND :.8D : A
: _AIRBORLIE INTERCEPY
K80 ¢ MG
LT T
wa o man
This is the display which the planner sees when he requests “Airborne Intercept” on the threat
1) menu. The A/N display changes to include data on the number and type of enemy aircraft at each
fE - tiase. The graphic display presents the location of enemy alrbases with the airbase identifiers,
i In addition, it uses the letter “’C'* to indicate the lacztion of known enamy CAP or loiter points.
3
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ROUTE SAPETY ANALYSIS
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MRIMARY ROUTE
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n Q n 7 n (1]

At this point the pilanner has tentatively setectad a rout? as shown on the graphic display. He may
now use a function switch to request that the salectad route ba scored. The result of the scoring is
shown an the A/N display. There is a scora for the whole route as well as a score for the worst leg.
The total 5core o each case is camposed of three subscores,

1} D seore or Dateciion score which is 8 massure of the time the mission is within coverage ot
enermy GGl sites and/or EW radurs.

2) A scors or Acguisition gnd Tracking score which is a measure of the time mission aircraft
are within coverage of missile control and/or tire control radars.

3) 1, score or Lethality score witich is @ messure of the time that mission aircraft are literaily
within the lathal rangs of enemy missiles and/or AAA. The L score is further subdivided
into Lys and Ly scores which denote respectively the proportion of the L score resulting
trom missiles (L) and AAA (L o).

Each score is composad of two factors, First there is 2 time factor representing actual exposure.
Secondly, the time factor is multiplied by a factor which represants the effectiveness of the par-
ticular threct type. Thus tha scorss are differentially weighted by type.

Further, the scores are alse altitude dependint. That is, even though an aircraft may fiy directiy
over an AAA sits, if he is high enough to bs out of range his score is zero for that site. In addi-
tion, since the coverage range of varicus radars increases with altitude, higher altituda tlight pro-
fites will get larger D and A scores. Other altitude adjustments are also included.

The scores in Route Safety Analysis must be treated as relative rather than absolute scores. They
do not imply that a given route is safe. They only imply that one route is safer than another. Thus
they can be used to compare siternate routes.
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1 g stanngr withes 16 sompare the sookss of two routes, he can do so by Yirst activating a func
D buiton which ie tahelad "SAVE RQUTYTE.” This takes the first route {i.e., the one that is pre-
wavinly on the sopd) and stores §¢ in memory with its score pattern,

A1 thig grasy, the planner uses the "Route Maodification™ rguting in ortler to davelop an gifurnate
rengde. Fratumably, he would also use the EOB Review capability to develop ae alteinate which
ud tome probability of being as geod or better than the old route. Notice that by starting route
moditieation ai the airbase, the ylanner can plan a totally naw route to the target as ioag as he also
ands at the airbase. He nied not use any of the lags of his earbier or “saved” route,

Once the alternate routa is defined, the planner then requests that this route be scored. This e
sults in the alphanumaeric display as shown, The scores for the primary or saved route gre given and
3 parallel get of scores are given for the alternate route. [t the planner wishes to use the primary
route, he activates a switch lsbeled "RESTORE ROUTE™ and all dati an the slternate toute are
thrown away. |§ he wishes 1o choose the alternate route, he activates the “SAVE ROUTE™ swatch
and the earlier route data are replaced by the oltérnate route dats which now define the o
mary route,




| RN S




FTIR monr

mnr B \\
FLAK SUp
AN
SAR
RECCE(RDR)

0

'.. O ... e

——
—

~ Althcugh tha breadboard system doss not orovide for planning support missions other than ECM, -
. ' : it doos aliow the planner to specify the kinds of supporrhﬁaa!s the mission requires. His selac-

. ticn of suppert may be o function of tha rulative values of the scores. |f the Ly score ic lugh he
rnay select Fiak Suppression, Conversaly, If tha A score is high, the answer may be ECM SUDPE
of soma kind, {Stand-off Jamming or Special Support, Jamming).

He may siso recall the relevant EOB on the graphic display to evaluite the actual threat. |n the
presant scanario he decides to seisct Fiak Sugpeession support against tha AAA sites snown as
dotted circies.
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AUYOMATIC ROUTE SELECTION
TARRET-HWANGIU POL ANZA LOCAT(ON 38.30% ~ 12547E
(NGRESS PARAMETERS: RACIUS BOUNDARY; PROWIBITED POINTS? VES ___ NO ___
ALT. VEL SELECTED POINTS, DONE .
W VES __ MO
SELECTED POINY L1} E
EGNRES PARAMETERT
AT VEL

~ S

The scoring concept as described earligr is used as the basis for an automatic route selection rou.
tine. At the preseint time automatiz route selection is oriented to the area around the target. 1t 8
in this area that the planners flexibility to consider alternative routes is most limited because he
must penetrate 1o the target. Outside the target area (i.e., in the gn route portions of his profile) he
has great Iatitude in moving the flight path away from areas of high threat density, :

The planner may choose a circular area around the target with any radius up to 50 miles. He may
well yse the £0B review displays to satect the optirnum area radius. Since the routineg Imposes a
square grid with a constant number of cells within the circular area tor scoring purposes, it is
clear that tha larger the circle, the coarser the grid and, therefore, the tess precise the scoring
will be. The planner enters the radius boundaiy (in miles) in the appropriate spot on the A/N

display.

Sinice scoring Is speed and altitude dependent, he must also enter an ingress altrtude and velogity
a3 well as an egress aftitude and velocity. The planner also has the capability *o specify an (nitip!
Poing, or 1P, for his attack on the target. He enters his (P, via ight pen (Sev the nevt graphn
display). Finally, the planner may specify whether he wishas to designate certain points around
the circle’s perimetar to be excluded as.ingress of egress points.
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“The graphic display ingicates the results of the planner’s uss of his light pen to designate an 1P and

prohibited points.




L1
L]




" N ———— . . ... e e

-

ROVTE SUMMARY
ROQUTE 1 MuTER ROUTE 1»

START HARR/INNE RN NE lﬂlﬂ“li WAINABE
Wll il MATAINE  MMNANNE SEIT/INME wum

® LGCATION . ‘ NN
TARAEY IW,“‘&M! mumn w‘mm m'“mu
TYRN OUT NANANOE MANARME WMV IUNE  0UNTHROE
END MNNNITE  JLAMTIE WMENNHIIE  JLWIHNNE
SCONE 4 ] o d 12¢
TOTAL BCOAE it AL - m

~—

The processor now uses the grid and the scoring routine to find the best routes into the target
from the perlmemr and from the target out to the perimeter using the following rules:

1.0 M no 1P is specified, the computer will first find the three best routes into the
targat.

2. . It will then #ird the best route out for each of the three ingress routes with the limita.
tion that no ogress route will be considered whose first leg requires a te. n tighter than
120° at the target.

3. N2 route will begin or end at a prohibited point.

3. Each inbound and cuthound route will have no more than one turn or bend in 1t and
that turn will be no sharper than 1200,

W I A P it

8. f an IP is chosan, the above rules still apply except that a fourth route using the 1P will
" be generated.

Simuitaneously, the alphanumeric display presents the data on each route ncluding the score.







P —

ROUTE SUMMARY
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SELECTION

The planner now uses his Route Moditication capability to complete the route to and from nis
telagted airbase. The new route may now be scored for comparison with any other route
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Far scenario purposes, the planner has chosen the route he planned manyually. This route is shown
in the graphic display. By sctivating a function switch labelled FLIGHT PLAN SUMMARY the
planner can gex an Alphanumeric display as shown, This display was gonerated within the com-
puter at the time the RQUTE PLANNING function button was activated, 1t was continuously
madified each tima the planner made a change in the route, This display not only contains the
specitics of each lgg in terms of nodes, modes, altitude, Mach and thrust but also contains data
ceflecting the length and yeading of eacn leg.

At any point in the planning process when the planner is satisfied with the route, he has avail:
abie a flight plan for that route.
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Thenaxi my;or function involves the fuel analysis of the mission as tentatively planned. However,
in order to perform fuel analysis, the aircraft must be configured with its external stores. So far
tha planaer has only selected ordnarice, Stili remaining are such stores as pods, air-to-air weapons
and external fuel tanks,

The planner activates a function switch labelled OBJ (On Bosrd Jamming) which results in the
A/N display shown here. The pianner fills in the bottom line as indicated, entering aircraft type,
formation size and whether he wishes to have one or two pods, He also may specify any specific
pods and/or pod settings he wishes to have considered.

The plannar uses his light pen on the graphic display to indicate the route sasgment(s) he wishes 10
have evaluated s shown by the “X" &,
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SCORING VOTALS
TOTAL ENCOUNTERS BY TYPE

=SAM1, -SAM2, -SAM3, -SAMA, -SAMS, -SANZ, -SAM], -SAMP, -SAMS, -SAMID
TG SELECT O8J EQUIMIEUT ENTER DIGIT 1,204, ORS 1
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The result of the OBJ analysis is as shown in the present A/N display. The computer has con-
sidered the threat along the selected route segment(s). Only those threats which literally do or
couiid interact with the mission aircraft on the basis of threat range are considered. Up to five dif-

~ fe 7t puds and/or settings are evaluated against this threat. If no pods/settings were identified on

the previous display, then the processor uses the five best pod/settings which gre in the inventory

_and rarcks them froin left to right against the threat,

'~-lf, .rom one to five p-d/estuings were identified, they are considered as replacements for the five

from the data base. Suiected pori/sectings replace data base pod/settings *eginning with the right

_ hand ~atum. {in the casa 0* ona selection).

The planqer selects a rm;iisetting combination by entering a digit {1 through ) in the bottom
Hlaa. Thess numbers rfst 1o the five solumns refiecting different pods.







CONFIGURATIOA

TARGET : 1 (SELECT TARGEY TVPE)
A t L UBELECT AL 1=ANM Y  2AMM 4}
M8E  : 2 (ENTER NO. OF ECM PADD

1 ] 1 (ASEIEN STATIGN 1F GHLY GME POD)
TARRNTY ORDRANCE
1 AREA $4 SAL PUL ORUGH. el § MM

TANKS : _ (ENTER 4. OF FUEL TANKE
NC
4F40
1 POL TANK 538 OLAM xTW HIGM-~ $ B IMR 40
2
\ /

The next function is produced via 8 function switch labelled CONFIGURATION. Activation
of the switch produces an A/N display as shown, Since différent target types require different
ordnance each flight must be separately configured. The plannar first sslects and enters a target
type from the list at the bottom of the display. He next sslects whather he wishes AIM on the air-
craft and which type. (Leaving the entry blank excludes AIM from the configuration).

it OBJ salection was used, the number of pods is shown automatically although the planner can
modify this by overwriting, The type and setting are already stored in the mission summary. If
only one pod is specifiad, the planner may if he wishes, specify a station. Finally, the planner
enters whether or not he wants external tanks, Leaving the entry blank means no tanks; entry
of a 1 means a canterline tank; entry of a 2 means tanks on outboard stations, in the scenario
case, no tanks ware included.
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. At this point the processor automatically configures the aircraft if the following conditions have

been mat.
1. The number and type of ordnance are certified for the aircraft.
2. - There sre stations avallable for all tha stores spacifisd.

3. Vhe number of units par station is at or below the maximum allowable for that
station,

If any or all of thess restrictions sre not met, the planner Is notified to make necessary changes
1 the stores #s defined result in n ssymmetric loading, the configuration is accomplished and the
planner is notifisd that the load is ssymmatric.

Tha configuration display siso contains the weight and drag factor for each station. I f the drag fac-
tor is varisble by tpeed snd/or wing sweep {0.9., on the F-111) the worst drag on the entire flight

s shown. If the tota! weight of the stores plus the sircraft weipht exceeds the permissible take otf
‘waight, the planner is informed of the extent of overage.

—4.35.







n
‘i

FUEL CALCULATIONS
MEN NO. 219

TaV M0, 061004
TYIE A/C 14D

1T GW 53208
WY COi T2

neeM o

\ /
Now that configuration is complete, activation of the FUEL CALCULATION function switch
producas this aiphanumaeric display. All the dats shown are calculated excapt for the reserve.

The plunner spacifies whether he wishes the aircraft to arrive homa with an IFR or VFR reserve.
Actual quantities for these ressrves are stored in the processor. :
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Iin the scengrio, the fusl on the aircraft was not adequate to fly the planned profile. The com-
puter, having determinsd that there was insutficient fuel, gensrated the A/N and graphic displays
shown

2]

The A/N displsy pressnts the basic sircraft date plus the information that the fual was inade-
Quate, It also Idantifles the leg snd point at which the specified resarve is reached. The point is
locatad on the graghic abiplsy by the letter “M." In sddition, the alphanumeric display provides
basic tanker dats including numbers of aircraft, equipmant type and call signs. The location and
identification of the individus! tanker orbits are shown on tha graphic display.

The planner may aslact sither outbound refusling, inbcund refueling or both. A refueling track
whils an routs to the teryet is sslscted by entering the desirad number in the space labelled
ENTER TANKER 1. The entry of 2" selects Blue track. | the planner wished further retueling
on his way home, he would entor a digit in the space l.oelled TANKER 2.

If the planner did not want 1o refusl, he could, of course change his route, change his speed on

one o mare lege, o7 rechice his siores. The effects of thass options could also be reviewed by recal-
culating fuel under tha changed condition.
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= TANKER REGUIREMENTS FOR REFUELING 1
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a Setection of a tanker orbit (or twa) results in the generation of the tanker requirement which can
be given to the tankar plannar or SAC laison officer 3 8 refusling requirement.
2
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FLY PLAN SUMMARY *SHIFT & ENTER FOR NEXT PAGE*** PAGE 1
LOCATION MODE  ALT MACH THST  HDB OIST
1 BAN128.20E T/0 % 4N MiL m
¢ MIIN-127.58€ FUIL 22008 00 [ ]8 » o«
3 BENA0NE CRS 2030 AN m
4 PN CRS 20800 O M 3
¢ MAAE DEND 460 oM Lol n
€ J.30N-129.47E DASH  450¢ 119 0 4
T S8.0N-i26. € CiMB 30000 Ot MiL 135 T ]
8 J2EtNA27.08¢ GRS 308 oM 18 12
€ JaA3N-1E 008 eCND L X1 - 33

At this point, the planner uses his route modification capability to add the refueling leg to the route
profile. He must not only modify his ground track but he must also be sure to change the mode of
the rafueling leg to FUEL. The effect of the changes Is shown both graphically by the addition of
a new leg end alphanumerically by the changas to the flight plan as shown.

if the planner wishes, at this point he may recelculate the fuel expenditure includina tha re-
fusling leg and the refueling itself.
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TACS COMMAND GUIDANCE
ALL FLTS PENETRATIHG ANK AIRSPACE WALL REPORT TO A22 CAC XING 37 PARALLEL.
PREQ. M8.0-2044 BACKUP 127.7. CALL SIBN: MAIL 8AS. '
EQRESS SOUAWK MODE 3 CODE 008
ALL FLTS DEPARTING TAEGU NORTHBOUND WILL REPORT YO 8.28 CAP.
FAEQ. 295.5-2068 BACKUP 127.7. CALL SIGW: FAT CAY.
RAUAR ASSISY MANDATORY FOR TANKEN RENDEZVOUS.
PRIMARY CONTROL 8-20. CALL S13M AND FAEQ. AS ABOVE.

XXX SHIFY AND ENTER WREN COMPLETE XXXX

The final activity with respect to this mission involves the assignment of TACS units to the various
legs of this mission profile. The planner first may, if he wishes, review the command guidarnce re-
lating to TACS assignment, The TACS assignment process is initiated by a TACS function switch.
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The planner next reviews the status of the TACS elements.
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He may also review the communications frequency and |FF/SIF data for the day.

TACS COMM. FOES. AKD IFF/NF BATA FOR 318812 BEC THRU R20MZ DEC
FREQ.  PRL/ASEC/BACK-UP

2] o aMMvE

MO0E 1 STANDRY
WORE 3 PER UNIT ASHIGNMENT
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VACSE COORDINATION/ASHERMENT FOA MISNION ¥0. 110

/0 SASE- TAEQU T/0 TIME: J089. NO. FLTS-2  A/C TYPE- F4D
CALL SIGNS~ MONAWK
AED 006

COORD :1 TO:2 ANMGM: 2 s, _T0:_ _ ASSIGN: _ 1 A2
] YO: 48 ASNEN: L R T0 _ ASTIGN: 282
14 TO:§ ASSGN:} o T0:_ _ ASSIGN: _ 1 A
:h Y0:1 ASHEGN: § i Y0 _ASSIGN: 4 815
i VO ASHGN: e - T0:_ _ASSIGN: _

TACS FORSTAT:  IFF/SIF:_

The planner uses the A/N display as shown to assign the various lags of the flight to the CRC's and
CRP’s, Beginning with the first node, he enters the first and last node numbers for the fegs which
he desires to assign to a particular station, He then enters the cade number for that station from
the list on the right hand side of the display. Coordination between legs and stations is accom-
plished through observing the graphic display.
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TARGET DATA MISSION SUMMARY
MOK NG-T718 WWARGIY POL §C 1804 JoDOM-12847E  ELEV 0M
FOLOER 3102788

OESC - TAT AREA S00XWAM. 5.€. EDGE HWANGJU VILLAGE TWO {2) 50K GAL
STORASE TANKS ESTIM. 200 SIGAL DRUMS PLUS PUMMND/DISTRIBU-
TIOK FACILITIES. DMM-TWO TANKS AND SENTER OF TOT AREA.

PLAN DATA-FLIGHT PLAN * | FGRCE DATA-A/C TYPE F4D  NO.S
1 WEAJONSL/0RD * AB-TAZGU
1 TAUNER AssiGN * LOCATION J0.500-120.30
3 CONFIGURATION * § A/C CALL SIGNS °
4 TACS ASSIGN * 6 WHEN COMPLETE

— SELECT SUMMARY DATA, SHIFT AKD ENTER

This A/N display presents the completed mission summary table for the mission against the
Hwengju POL area. Comparison of this display with the one shown earlier on page 5 will
show that the force data has bean completed and that the dashes reflecting elements of the
plan have been replaced by asterisks. The planner may review any elemant of his plan by
entering the appropriate code number in the bottom line. The flight plan may be reviewed
by activating the FLIGHT PLAN SUMMARY function button.

If the planner is satistied with the plan, it is returned to the data base for future use.
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STANQOFF JAMIAING ASSIONICENT SUMMAAY

CAYWETEW DAYWETEW OCAYWET €W  OAYWETEW DAY 'WET EW ORY WET
083 e 216 M TEIS W 0

W 32 ce1e 18 N

026 N 108 100

M6 oG N ou

M e M3 N

W 238 MA@ e

ORMWY ASHON: NO: A/C; CONFIC: ALT; TURN; OPTION{1} ADD {2IBELETE REGEN/DELETE
I8130RY 113N JEANIRY X : : AUTORRAD

TR

$

Evalustion and planning of Stand-off support jamming can be ashieved either by manual or
by automatic tris} and evatuation processes. The planner makes an initial salection of a mission
to be supported. The SOJ program then selects and displays those EW/GCI radars which can
detect and track the mission aircraft, The program also computes and disnlays a penatration
contour for all EW/GCI radars.  This contour shows the points of first datection for panetration
into the area of interest, '
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STANDOFF JAMMING ASSIGNMENRT SUMMARY

EW DRYWETEW ORYWETEW ORYWET EW  ORYWEV EW  DRY WET EW DRY WET
CMEI 97 83 CKM 208 266 THI5 38 O

E0 100 32 GGk 16 M

NGOE 300 41 CM11 188 '8

THS M8 ¢ aG12 M 66

T8) 217 & CMY B M

IEse 223 1% THI4 &7 0

ORBIT ASBIGN: NOC; A/C; CONFIG: ALT; TURN; OPTION(1} ADD (2JDELETE REGEN/DELEVE
8130R1  IW130R1  JEAIOAT - . AUTO/FRAG

Whian the planner chooses the manual SOJ mode the alphanumeric display is formatted so as to en-
able manual placement of orbits and the assignment of aircraft and jammer configuration.

With his light pen the planner creates an orbit of any length and orientation at any position he
chooses on the graphic display. On the A/N display he assigns an aircraft type, jammer preset
configuration and altitude for each orbit. After egch individual orbit assignment the effect of this
particular jamming assignment Is shown by {1) a change in the shape 0f the penatration contour
and {2 a numerical summary on the A/N display.

The A/N display illustrates that 2 EBE6B aircraft are assigned at 30K ft. with presets #1 used
and one EBBBE aircraft assigned at 30K 1. using presets #4.° A maximum of 16 orbits can be
evaluated. The orbits and the resultant penstration contour are iliustrated on the graphies. The
wet and dry exposure vatuas for each EW/GCI radar are iHustrated on the A/N display. Exposure
valuas are reduced by jamming and 8 value of zero indicates that the radar will never detect and
track the mission aircraft,

*interpretation of the antries in the bottom line are as follows:
1 8 1 30 R 1

W T—-—- Add = 1, Detote « 2
Right Turn in Qrbat
Altitude JOK ft,
Preset No. 1
. Aircraft Type EB6GB
L. Orbit No.
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The effectiveness of assigned support jamming is automatically summed and displayed by radar
type. These data, as shown on the “SOJ Effectiveness vs EW/GCI Type” A/N display, are
available for further anaiysis. This A/N display may also be used to initiate computation and
display options of various types. For example, the planner may specify an arbitrary exposure
value. The graphic display then presents only those radars which can equal or exceed this
detection and tracking capability in the existing jamming environment. The planner may also
wish to see only thoss radars which are individually responsible for the displayed penetration
contour and which must therefore be attacked or further jammed if initial detection is to be
further delayed.

Ancther optian is the capability to limit the display to specific radars or to all radars of a given
type and the penetration contour associated with the specified choices. The graphic display illus-
trates the planned selection of all TB radars. Notice that the associated penetration contour has
now been reduced to two saparate small closed areas.

Similarly the planner might type in the pin numbaers of sevoral specific radars comprising a single
EW net. He would thian be able to visualize and plan jamming activities against that net. Mixtures
of specific radars of different types are parmissible. The planner uses the “"Restore” option to
racover the display of all EW/GCI radars.

When the number of displayed radars Is limited the wet exposure values still truly reflect the ef-

fects of sll assigned SOJ support jamming vehicles. The penetration contour, however, demon-
strates thiscumulstive jammi g applied against only those specific radars or radar types requested.
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All the aforementioned capabilities are integrated with the Automatic Orbit Selection (AQS)

" process. The planner may at any time call the AQS program for assistance to determine the best

position and best jamming configuration to achieve desired (specified) results. If the planner
wishas to limit resuits to specific radars or to radars of a given type, he first makes these selections,

in the AQS pragram the planner can light pen the location for as many as five different orbits for
trial evaluation. He can selact either a specific combination of aircraft types and jamming con-
figurations or simply ask for analysis of all available aircraft and jamming configurations. The
AOS program then analyzes all requested combinations and displays to the planner the relative
henefits of each. The planner may then see which orbit position(s) and aircraft/jamnier configura-
tion(s) best achieve his intended purpose. The planner can then select one or more of the com:
binations for assignment and the program’ ‘automatically updates all computations and displays
to reflect these assignmaents.

The AOS program also operates in g “Delete” mode. Should canceliation or reassignment of

vehiclas be required the computer uses this mode to test each existing assignment and determines
which one makes the smallest contribution,
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ECM EFFECTIVENESS
1} LIGHT PEN THREAT 2) LIGNT PEN STRIKC ROUTE ANALYSIS POINT(S)

EFFECTIVENESS OPTIONS: TOLERANCE:
1) TIME RAKGE WSTORY (2 AZALVSIS POINTS) 1) STANDARD
3 EARLY LATE ANALYSIS (3 POINTS) 2) CONSERVATIVE
3) BURNTHROUSNH CONTOUR (2 POINTS) J) OFTIONAL DB
4) FORMATION ANALYSIS (1 POINT)

§) TIME RANGE HISTORY FOR SURHTHROUGH CONTOUR
§; $0J SURNTHROUGH CONTOUR (2 POINTS}

SELECT OPTIONS, SHIFT AND ENTER
EFFECTIVNESS TOLERANCE
V1 SRE 04 FORMATICH th__D8

The effects of noise jamming from either support vehicles or on-board jammers can be computed
and displayed utilizing the “Burnthrough’’ concept. The planner may select any radar and request
results for any available jammer configuration. The burnthrough range (radar range capability in
the presence of jamming) is overlayed on the graphic display when the planner selects (1) the
radar of interest, (2) the region over the fiight path of interest and (3) the jamming configuration.

The expanded graphic Display as shown illustrates the polar burnthrough display option. The
computations behind this display encompass variable radar cross section; summation of all indi-
vidual jammer contributions via relative position to the radar boresight axis; three dimensional
antenna patterns for the victim radar and the jammers, and variation of parameters to include the
offects of aircraft turning.
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ECM EFFECTIVENESS
1) LIGHT PER THREAT 2) LIGHT PEN STRIKE ROUTE ANALYS!S POINT!S)

EFFECTIVENESS OPTIONS: TOLERANCE:
1) TINE RANGE HISTORY (2 ANALYSIS POINTS) 1) €TAHDARD
EARLY LAVE ANALYSIE (3 Y01NTS) 2) CONSERVATIVE
3) CUANTHROUGH CONTOUR T POINTS! ) OPTIONAL D&
4) FORMATION ANALYSIS (1 POINT) s

§) TINE RANGE HISTORY FOR SUANTHROUGH CONTOUR-
§) 305 BURNTHROUGH CONTOUN (2 P0INTS)

SELECT GPTIONS, SHIFT ANG ENTER
EFFECTIVNESS TOLERANCE
A1 SRN 94 FORMATION V0

Burrithrough results may also be displayed on expanded scale in the form of a "“time range his-
tory.”” This option is illustrated on the graphic display for a TWS radar containing two separate
beams. The program can display the range capability for up to 6 individual beams. Mission time
is displayed on the horizontal axis. The time and duration of burnthrough are determined by
the intersection (if any) of the aircraft range curve with the respective range capability for each
of the radar beams.
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MISSION LOCATION SUMMARY
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X The final slide represents a plan review and coordination technique referred to as Time Sequence
- Review or TSR. After missions have been planned against all the requirements, the planner may
. bring up a graphic display of all the planned missions on a timed basis. The planner specifies a

starting time and an ending tire, e.g., 0740 t00800. The computer then retrieves from the data
base all missions which will be airborne during thst period.

Heginning at 074U it displays the location of all missions airborne at that time. it then steps
through the spucified time period in selected time increments. The size of the step may also he
varied. 1t continually displays the location of each airborne mission at each time increment until
the Stop Time of 0800 is reached. Whanever threats are encountered they are also displayed. The
stepping is either automatic or manual, as instigated by the planner. Choices are handled via
function buttons.

In paraliel with each change in the graphic display, the A/N display indicates wiich fiights are
airborne, the Lat/Long of each position and its altitude data. Any space/time conflicts between
two missions result in an gutomatic alarm to the operator who can stof: \he process and deter

N mine which mission to change and how to change it. This capability may also be used to evaluate
y the success achleved in coordinating various missions.
; :
N Complete dasign and programming specifications for the Mission Planner Breadboard are available
S in Data Systams Division's Documents Technical Report, B0O3 and Specification 1 34000 14¥),
A respactively.
9
;
§|
4
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4.3 Mission Planner Breadbcard Applications to RPV Planning

Subparagraph 4.1.1,3,3.1 of Contract F30602-71-C-0015, Change C,
6 July 1972, required that a subset of those existing software programs which
satisfy the RPV command and control requirements should be identified as

follows:

a.

b.

C.

e,

Target Characteristic Review: A mission and targets may be
selected for detailed planning. Additional targets can be added
to the current data base which are considered to be more typi-
cal targets for the currently proposed types of RPVs and their
paytoads. Details of the agsumptions for target types and mis-
sions, which were used in the test results of the RPV demon-
stration, are described in Subsection 4.5. Once the RPV mis-
sion and target lists have been input to the data base and a tar-
get (mission) has been selected, the planner may analyze the
previous mission as it is presently done for manned aircraft.
The only critical modification is the addition of the type of
vehicle which flew the earlier mission; e.g., manned aircraft
or RPV.

Aircraft/Ordnance Selection and Assignment: The planner may
select the type of ordnance, the type and number of vehicles,

and assign a resource location for each target. Both data base
changes and minor program mrdifications are required to
accommodate reaource selection and assignment for RPVs,
Specifically, for ordance gelection, naw JMEM tables for the
various vehicles need to be developed, stures in the data base,
and included in the ordnance inventory list, Similarly, data
basz changes must be incorporated to include launch site location
data and data on the availability and numbers of RPVs at the var-
1ous RPV unite and/or launch sites, In the breadboard system, a
ilmit of four different types of manned aircraft are available for
rasource aelection, The uae of the breadboard for RPV planning
requires minor program modification to replace one of the four
mansned aircrait by an RPV,

Call Sign Assighment: The planner can assign call signs to the
RPV (and relay) missions using the technique currently in use.
If squadron numbers and/ox locations are modified, the call sign
data base must be updated, ’

EOB Review: The planner may review the location and effective
area ol any enemy threat in the data base, As with manned air-
craft, this review may be limited to those threats intersecting
the RPV profile, No changec are required.

Semi-automatic Route Selection: The planner may select an
ingress and egress route to the target, ie may also specify a
speed/altitude profile, The planner may also modify the route
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h.

semi-automatically and evaluate the results of these modifica-

tions, Data base changes must be made to reflect the perform-
ance characteristics of an RPV included as one of the vehicles;

€.g., Mach number, altitude, and speed limitations.

Safety Analysis: The selected route may be evaluated to give a
relative safety evaluation based on the threats encountered, A
"Relative Safety' score of the route and the leas:t safe segment
can then be displayed. The route can be altered and the alter-
nate route "'Safety Score' can be computed and compared with
the original route's score. Changes in the route safety analysis
require an update of the data base to reflect new weighting fac-
tors for the various threats to be used in the scoring algorithmas.
Modifications to reflect extremely low terrain following routes
may 2lso be necessary. The relative effoctiveness of each
threat type must be examined as they affect RPVs.

Automatic Route Selection: The program may automatically

select the three best ingress and egreas routes for the target
within a radius of 50 nm using the safety analysis algorithms.

TACS Assignment: Tactical Alr Control System Station Assign-
ments can be periormed on a leg-by-leg basia for the entire
route, '

Effectiveneas Analysis: This ECM effect analysis will consist
of the {vllowing programa: :

1.  Burnthrough and Time-Range History: Self-protect ECM
may be evaluated by calculating and displaying burnthroughs,
contours, and time range historics.

2. Formation Analysis: The cooperative effect of seif-prolect
"ECM may be evaluated for several vehicles flying in
formations.

3. Standoff Jamming (80J) Analysis: It will be possible to
assign and evaluate SOJ vehicles to support RPV missions,
or to assign and evaluate RPV vehicles for standof{ jamming
migsions,

{. Special Support Jamming (SS8J) Analysis: It will be possible
to assign and evaluate RPV vehicles for support jamming
roles.

5. On-Board Jamming (OBJ) Analysia: It will be possible to
evaluate the cifectiveneas of OBJ against & large environ-
ment of SAMs. This function requires only an update of the
dsta base. The initial change is to include a radar cross
section table for the RPVs as a function of azimuth and
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elevation angles. In addition, for formation analysis,
different threat dimensional spacing must be added to the
formation table. If any new on-board jammiag capability

is to be considered, the characteristics of the jamming con-
figuration must be added to the available equipment list,

jo Time-Sequence Review (TSR): TSR allows the planner to review
hie total planning effort, He may view the total planned mis-
sions as a series of time frames. In addition, he may see the
SOJ and SSJ missions as well as the threats that interact with
the missions. No changes ara required for Time Sequence
Review,

4,4 BREADBOARD SYSTEM EXTENSIONS AND MODIFICATIONS TO
ACCOMMODATE ADDITIONAL COMMAND AND CCNTROL FOR
RPVs

There are three general areas in the Comamand and Control of RPVs where
the present Mission Planner Breadboard could be modified and/or extendeld
to accommodate additional functions. These three aresas include additional
pre-planning, misasion monitoring, and near-real time comrmand and control
functions. The following subsections briefly describe some functions in each
of the areas, a2s well as how they might be implemented within the structure
of the present breadboard., Thses functions are either new or require exten-
sive modification to existing MPBS im jlementation,

4.4.1 Additional Preplanning

4,4.1.1 Terrain Following Route Planning

One of the prime tactics presently considered for RPVs is low-level ingress/
egress utilizing "terrain hugging' wherever feasible. The basic building
blocky for the development of an automatic ard/or semiautomatic torrain
following route selection based upon route safety already exists in the Mission
Planner Breadboard System. These building blocks are terrain masking,
route safety analysis, and automatic route selection.

In the present implementation of terrain masking, a set of masking angles and
ranges is stored for each threat, These data are available to evaluate the
route safety score of the strike force to the threats based upon a given route
and altitude., Also, by utilizing the terrain data, one could expand these pro-
grams to determine the route safety score for auy given route based upon the
strike force's flying X numher of feet above terrain. Once thess alyorithma
have bsen developed, a planner could manually select alternate routes until

he is satisfied with the route safety, or the technique could be incorporated

in 2utomatic route selection,

Autoraatic terrain following route determination would take considerable com-

putational timme and require a large amount of storage. Studies are presently
underway to veduce the time and storuge requirements. It is important to
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note, however, that the implementation of the techniques in a straight forward
manner on the Breadboard could be an invaluzble simulation tool to test the
sensitivity of various parameters such as accuracy of navigation data required,
required digital terrain data quantitization, accuracy of threat locations, and
other variables associated with the problem,

4.4,1,2 Fuel Calculations

Changes and additions to the present fuel calculations which are necessary for
RPV planning include design and programming of the following capabilities:

a. Integration of the terrain following mode of operation into the
speed/altitude /fuel consumption calculations will be required,

b. Certain missions (ECM in particular) may require on-station
orbiting or loiter patterns, For these missions, a special tech-
nique is needed wherein the planner can & mply input the pattern
type, on-station position, and time duration, The computer
would then automatically compute the on-station flight path time
history and fuel consumption for this segment. In the case of
reconnaissance and ECM missions, the on-station flight path
dynamics would also be available for evaluation of payload
effectiveness and timing requirements,

4.4.1.3 Dynamic Line of Sight Computation and Display

Long range command, control communication links from fixed sites which
are subject to LOS limitations may be rapidly evaluated using current
Mission Planner terrain masking algorithms together with the capabilxty to
update the mission tracks with status reporta. A desirable expansion of the
present fixed site (CRC/CRP) capability would be to enable terrain interfer-
ence calculations between airborne C&C plarforms and RPVs (or other
vehicles) with arbitrary flight profiles for each element. RPVs on low alti-
tude flightpath segments will be subject to LOS blockage by the terrain and
the anticipation of when, and for how long, these interrupts occur can be vital
to mission success, The preplanning of an airborne command and control to
supervize multiple RPV clements is a3 complex problem itself and any requirs-
menta for rapid real time replanning to include terrain masking calculations
would be an almost impossible task t9 perform manually.

‘This capability uxtension will allow the planner to identify any two flight ele-
ments and request 1LOS calculations between the respective vehicles for any
time period. The intervals of terrain blockage (if any) can be displayed on
the geographics display by interruption (blanking out) of the aifected flight
path segments. The corresponding times of intervupt can be displayed on the
A/N and therefore be available for hard copy print out. All the rerouting
options would be available to the planner sc that he may replan the route/
profile of either vehic!-, if necessary, to achieve tiic desired results.
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4.4.1.4 Data Base Update

There are elements of the current MPS data base which are static predictions
used for preplanning purposes but which assume a dynamic nature when used
for in-flight replanning. Some of the current flight safety and mission suc-
cess factors which warrant input of new data during mission progress include
the following;

a. Weather hazards and cloud layer structure.
b. Changes in SAM and AAA posture.
c. Changes in restricted flight zones.

To facilitate the input and use of these data changes, a ternporary file struc-
ture can be created, The operator would input from the keyboard directly
into these files. Each program using data of this type could be modified to
acceoss the temporary files prior to execution of the required function,

4.4.2 In Flight Replanning

4,4,2.1 Schedule Modification

The MPS was not impiemented to operate with real time inputs, however, with
minor modification, the MPS could be used for execution or simulation of a
wide range of C&C operations type problems. In the present system all flight
position timing is computed forwards and backwards from the input TOT
requirement, Accordingly, when route modifications are introduced during
the planning cycle, schedule times are adjusted as necessary. To best
achieve the real time replanning capability, it is desirable to add the option
of accepting mission progress reports. When such inputs are received the
flight path following program (Time Sequence Review or TSR) would then use
the input time versus position data up to the last received values. Beyond

the last ioput data point, the remainder of the flight path position versus time
sequence would be computed using checkpoints from the plan and the computed
ground speed values. With the input of such data the TSR program may then
be placed in operation, and the operator will sse on the geographics display
the actual and preplanned flight progress versus mission time, In response
to vizual deviations, the planner/controller may wish to redirect the mission
to overcome anticipated problems after assessing factors of flight safety and
potential mission success. The type of assesaments the planner/controller
may wish to make and which can be provided by the MPS breadboard, include
the following:

a. What is the impact of the current position reports on the TOT ?

b. Can the route/profile and speeda be modified to achieve the
desired TOT?

c. If route modifications are made will the route safety he
saverely compromised?




d. If route/speed deviations are made is the fuel adequate ?
Can the flight reach an alternate base?

4.4.2.2 Techniques of Adjustment and Replanning

Given the ability to accept mission progress reports, various assessments
and adjustments can be made with the MPS used in the following manner,

a. Monitoring the impact of flight profile deviation; the TSR pro-
graimn is entered and either manually or automatically stepped
to advance to mission time. In the TSR program a small seg-
ment of each flight path is shown which indicates present posi-
tion and path made good over the last few minutes, By inspec-
tion of the TSR display the operator/controller can immediately
ree divergences between planned and actual flight paths, Mis-
sion time (or simulated real time) iy displayed on the bottom of

e the CRT. Flight path detours or delays can be assessed as to

: their impact on the miesion by merely noting the time differ-

1 ence required for the respective tracks to reach the same posi-

tion (assumes that the deviated mission regains a position on the

planned track and jollows the preplanned check point and speed
sequence).
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b. Assuming that a significant dsviation has occurred, the planner/
controller may elect to follow any one of several courses of

action depending on the mission priority and nature of deviation,
For sxample:

1. The planner/controller may accept the schedule variance
and choose only to verify that fuel requirements are met.
In this case he would activate the FUEL* program and

would receive an alphanumeric summary of the refueling
plans (if any) and a "go' or ""no go" report on fuel adequacy.
If insufficient fuel is available, the geographics display will
mark on the flight path the position of fuel exhaustion.
i 2., The planner/controller may elect to modify the route in
# ég order to conserve fuel or to attempt to achleve the desired

schedule. In this case he would activate the MODIFY ROUTE
; program and would now be able to manually modify both the
b 5 path and/or the speed altitude profile as deemed appro-
- priate. Upon completion of the route modification, he could
| then return either to the TSR or FUEL programs to verify that
his objective has been achieved, Significant changes in the
route profile may adversely affect mission success if the nurn-
ber or type of threats encountered changes, To assess this

E *The current fuel programs include F-4, F-105, A-7, and F-111 aircraft,
i Separate fuel and ordnance loading programs are required for each vehicle
. 4 {1 -
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possibility the ROUTE SAFETY program will provide an
alphanumeric summary and comparison of the preplanned
route with the newly created route. The safety analysis
provides summation figures of merit (relative safety fac-
tors) for the overall mission and for each type of hostile
threat. The graphicz display will indicate the number of
possible lethal encounters for the SAM and AAA sites, If
desired, any of the ECM programs may also ke invoked to
assess the suitability of support and self protect jamming
equipments,

3. There may be a requirement to direct an airborne RPV
mission to a new target. To enable this capability requires
an additional change to the current breadboard system. The
reprogramming needed is simply that which will retain the
established flight track on the geographics display and
enable the recall, display, and selection of an alternate
target. Having selected the new target, the planner/
controller may now proceed to re-route and evaluate the
new misaion using any of the techniques available in the
breadboard, including the Automatic Route Selection pro-
gram. He may also look at other aircraft to be diverted
to the target, if it is high priority.

4.4.3  DMew Missions

The MPBS was dosigned to handle Strike Missions and a subset of the ECM
miesion, Expanding the breadboard to aupport RPV requires extensive acti-
vity in the areas of planaing other ECM missions and the Reconnaissance mis-
sion. including ELINT,

4.4.3,1 EGCM Missions

Th.» degree of modification required to the MPS will depend on the type of
RI'V mission. The simplest modifications will be to enable planning of ECM
support since many of the ECM effectiveness evaluation techriques already
exist in the MPS, Two readily implemented, and effective, ECM mission
typas ave identifiad below as candidates for early tactical use of existing and
forthcomins RPV capabilitiee,

s, ECM MISSION TYPE I - Orbiting RPVs with Noise Jammerasg:
Thase vehicles can be flown to critical areas and put into orbit
in close proximity to radars to achieve either:

i, begndation of the EW/GCI radar net,

2. Degradation of specific terminal threct SAM and
AAA complexes.
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- b. ECM MISSION TYPE II - Chaff Dispersal: At least two basic
chaff missions can be identified:

i, Corridor Chaff dispersal to generate long length screening
paths for manned penetrators, These same corridors may
also serve aas confusion and decoy elements.

2. Pattern Chaff for terminal threats. The patterns may be
of various types such as continuous rings around the emit-
ter, or might consist of spot bundles deployed at various
altitudes and positions., Whereas corridor chaff will be
primarily used for screening, the pattern chaff will also
function to create confusion and aid the track breaking of
SAM and AAA radars.

4.4,3.2 Reconnaissance Missions

This subsection discusses the data base requirements and planning process
for two types of reconnaissance missions, These types are Photo reconnais -
sance and ELINT, The Advanced Development Mission Planning System will
include these mission types while the breadboard does not, Thus, in the
present context they are described as major modification of the breadboard,

4.4.3.2.1 Photo Reconnaissance Missions. Two factors of the photo recon-
naigsance mtssion are discussed in the following paragraphs. These factors
are; the data base requirements, and photo reconnaissance mission planning.

a. Data Base Requirements

The ADMPS data base applicable to the mission-peculiar aspects
of photo-reconnaissance includes technical data on vehicles,
aensors, and targets, as well 25 target-associated history files
and technical analysie files. The sensor/target technical data
must include:

1. Recommended sensor/target combinations.

2. The capabilities of sensor installations to obtain different
kinds of information at different resolutions as a function of
altitude, speed, lighting, direction of view, wvisibility, film,
and exposure or other setting.

3. The ground coverage of sensor installations ag a function
of altitude.

4. The requirementis of the targets for different sensors, sen-
sor modes {e.g., stereo), reasolutions, directions of view,
etc., in order to yleld various different kinds of reconnais-
sance information,
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The target technical data will aleo include constraints on vehicle
altitude, or vehicle approach or viewing direction, such as may
be imposed by terrain or other features in the target vicinity,
Other data on targets as well as vehicle statue, availability, and
performance characteriatics ave similar if not identical to that
for strike aircraft.

b. Photoreconnaissance Planning

It is envisioned that the planner will call up, from the ADMPS
data base, lists of his assigned targets and target areas, their
priorities, TOT requirements (especially important in cases of
pre- and post-strike reconnaissance for bomb assessment pur-
poses, and in cases where lighting conditions or special target
activity is critical), and required reconnaissance information
or required resolution. These will have been generated by
command sources external to the ADMPS. He will also call up
data on the inventory and readiness status of his reconnaissance
vehicles and senzors, and their locations, He may call up
recommended target/sensor combinations, sensor/target tech-
nical data, references to file data on related past reconnais-
sance missions, and references to file data on target character-
istics (activity times, resolutions required for informationyield,
local hazards, etc.), as well as weather/visibility/lighting
forecast data,

Based on this information, the planner selects a apecific target (or target
area, or set of targets whose reconnaissance requirements may be met with
the same sensor installation on the same mission) against which to plan a
mission, He then determines an initial group of candidate vehicle/sensor
combinations (with assoclated estimated over-target altitudes, approach
directions, area sweep patterns, etc.).

This initial group of candidates may be chosen directly from past missions,
or from a data base recommendation for the particular target type and re-
quired rccce information,

The initial group of vehicle sensor candidates may be reduced or modified by
the plannar's estimates of route/profile acceptability, support mission avail-
ability, and poteatial mission effectiveness as in strike mission planning.

The remaining group of vehicle/sensor candidates are subjected to more
detailed reconnaissance mission planning. Owver-the-target altitudes and flight
routes, target arez sweep patterns, and inter-target flight paths are displayed
on the geographic display. In particular; geographic constraints, reconnais-
sance targots, and snemy defenses and defense coverages are displayed on
which the planner can enter and modify any tentative mission route. He may
alao request diaplay of the sensor installation's ground coverage swath

along it.
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Planning continues essentially 2s it does for strike missions., The only
additional mission-peculiar feature of the reconnaissance planning is the need
for TOT coordination with strike missions which the reconnaissance mission
may support. oo

For reconnaissance mission planning, as for strike mission planning, the
ADMPS prototype provides for the counting down of basic and support mis-
sion resources as they are assigned, for the replanning of missions if the
time-sequence review turns up conflicts, and for aid in the translation of
mission plans into Fragmentary Orders for automatic printing and
distribution.

4.4.3.2,2 ELINT Planning, ELINT missions can be identified in two cate-
gories: ''survey' missions, whose objective is to determine the content of the
electromagnetic (E/M) environment over a considerable region, and "specific'
missions, whose aim is to collect certain predetermined types of data about
specific emitters, Each type of mission may‘or may not be harmonized; i, .,
executed in coordination with other types of missions such as strike, armed
reconnaissance, and iron hand missione, Since all recce missions ar= con-
ducted in response to collection requirements, all missions are correlated

to some extent. An ELINT mission may be either an initial or confirming
collection effort. Usuzlly (but not always) the initial collection misaion is

of the survey type while a confirming effort would "usually" be more
specifically targeted,

Becauee the sssence of reconnaiseance is passive observation, such misasions
are frequently coordinated with other missions which serve to stimulate the
overt actions of the eanemy defensive EM environment., Hence, the strike,
etc., missions planned with the ADMPS are the {oil of the ELINT mission.
Therefore, it must be planned to make maximum use of the other missions
while not interfering, nor being interferred with, (by ECM elements for
instance), This set of circunstances is most reasonable since the thruet of
much of the collection effort is to identify threate to strike and other
penetration missions,

In ovder to accomplish coordinated planning of ELINT missions, the planner
must employ the functions and data base information which are also ueed in
strike, photo recce, and ECM support mission planning.

ELINT specific functions are addressed after the general situation has been
established. A preliminary flight route is developed to optimize probability
of detection by correlating range capability of the hostile emitters with the
sensitivity of his appropriate sensors, The planner extracts the capability
data from the data base for given emitter types, and computes the theoretical
renge cupabuuxnudna the ADMPS computation capabilities. Using the loca-
tions provided in the targeting data or in a data base ROB/EOS, the analyst
lots the thaoretical coverage of each enemy emiiter. Before accepting the
theoretical coverage, the planner extiacts any pertinent data from the mis-
elon history file which necessitates modifications to the coverage suck as
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terrain and individual emitter capabilities. The planner then double checks
sensor/target correlation to ensure that the sensor can detect the signal if
the ELINT platform is in range. Finally, a mission flight route is drafted
which places the ELINT vehicle within detection range of his receivers.
Probability of detection is maximized as a function of range, duration of pur-
view and sensitivity. Distance and altitude of sensor, receiver sensitivity,
and target radar capabilities all form inputs to determine this first-cut route.
A time correlation is then achieved to synchronize the mission with the oper-
ating times of the emitter (if these are known). The planner adjusts the flight
route to achieve maxirnum probability of detection based on signal up-time
and duration. Further, the ELINT planners also consider techniques to
entice an emitter into operation so that the signal can be detected and recorded
without jeopardizing mission safety (i.e., '"spoofing" the emitter by deploying
deception drones which simulate strike vehicles).

Upon completing the ELINT planning cycle, the planner begins a threat anal-
ysis process to minimize vulnerability. The threat analysis process, and
the analysis of fuel requirements, are almost identical in procedure to
Strike misaion planning, ELINT missions would be checked against other
missions with which they are coordinated through the Time Sequence Review,
A flow diagram of the planning process is shown in Figure 4.4-1,
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SECTION 5

ADP SUPPORT TO RPV COMMAND AND CONTROL FUNCTIONS

5.1 INTRODUCTION

The Command and Control functions that must be implemented to plan and
execute RPV operations were described in Section 3 and the requirements
for ADP support were addressed for each function, Where ADP support
was required, specific implementation concepts and procedures were des-
cribed, Where applicable, ADP Support was based on the Mission Planner
Breadboard System implementation, In Section 3 the emphasis was on
those functions most affected by the unique characteristics of RPV, Section
4 described the Mission Planner Breadboard System emphasizing its appli-
cation to RPV Command and Control, Functions not specifically identified
in Section 3, which have been implemented in the MPBS and are applicable
to any air operation are included, such as, resource management and TACS
assignments,

o '
&
¢

This sectionintegrates the ADP support requirements whichhave been identified
and develops data on the performance parameters for the elements of the
ground based RPV Command and Control ADPSupport Database and Software.

5,2 APPLICATION PROGRAM REQUIREMENTS

Table V,2-12nd Table V,2-2 tabulate the application programs that support
RPV Cormmmand and Control in Physical Control and Misgion Planning ro-
spectively, Coluinn | identifies each applications program by a short title
with brief description of the program. Column 2 references the section of
this report where the program performance is described, Generally the
referenced text describes the program in terms of why ADP sapport is re-
quired and how the required support can be implemented,
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The programs as listed provide several levels of automated support, Cer-
tain programs are required in all employment situations; other programs
are optional and may not be required to provide effective planning and
rapid response for small {orce operations. This section considers ADP
independent of the frequency or employment situation, The relative im-
portance of various elements of ADP support to RPV Command and Control
is addressed in Section o,

Table V,2-3 tabulates the estimates on the size of the application program
the values expressed as thousands of insgtruction codes (Column 2)

conform to the usual conversion for expressing the size of an application
program. An entry in Column 3 applies to certain programs where program
logic is included in a program data base, Column 4 identifies the opera-
tional data files which are accessed when the program is called,




The final column identifies the basis for the estimates, Where the refer-
ence is to Section 3 of this report, the referenced section describes the pro-
gram and its application. When a program description only is provided, the
estimated size is based on engineering judgement and analogy to MPBS pro-
grams that provide a simdlar type of processing capability, Where the
reference is to MPBS, the program for RPV applications is the same as,

or a slight modification of, the MPBS program implementation,

Table V,2-1 Application Programs: Physical Control Of RPVs

Identification and Description Peference

Navigation Position: This receives LORAN

signal data, and extablishes the RPV position 3.2,3

Message Processing: This processes input 3.2.4. RPYV Status Re-
messages and provides legallty and validity ports A capability sub-
checks, routine logic, and composes and sumed in many sections

addresses outpul messages.

Flight Control Enroute: This is established 3.2.5.2
from planned Flight Profile Position Loca-
tion Planned; Compare to Actual, Flight
Control Adjustemint required 1s calculated,
and if any, control directive and Qutput to
EPV, or to Operator, is prepared,
Sntenna Pointing Angle: This maintains data 3.2.5.3
on communications contacts with each RPV,
If contact ig not made within a preset time
period, it astablishes from the Plan the
planned lccation for the RPV, obtains data
or Relay A/C lacation, and calculates the
pointing angle,

RPV Position for Fixing and Tracking: 3.2.6.2
Target vidvo priority with EQ symbol :
positions ig displayed on video. Weapon
boresight nosition 1s eatablished on the
vidao picture, and weapon Lorasight is
positioned on »idso, This vaes pusition
data, veiacity data, and EQ smsor angles
reported, applying smoothing and pre-
dietion teo apdate,

Weojion Réleaae Envelope: This determines 3.2.6,8
it the RPVElight path 1s within the Weapon
1Ralease envelope, 1t inhibits the weapon
velease envelope, and inhituts weapon re-
leage i not in envelope

T



i $r 3
P2 AN o b

A

rem

TR

coroptiesn

LHLGE T ornay Mooy

rH A A

Table V.2-2 Application Programs: RPV Mission Planning

Identification and Deccription

1

Reference

Route Profile Coding: This is a route pro-
file specified in terms of flight profile seg-
ments identified as standardized flight mode
{e.g. launch) and legs specified in terms of
end-point positions, altitude, power mode
and climb, decend, or cruise, The output
is a set of coded flight control instructions,

3.3.2

Semi Automatic Route Planning: This dis-
plays the mission geometry and threat data,
The capability to use preplanned routes, and/
or historical routes is provided. The opera-
tor may create or modify any route. Auto-
matic checks are provided.

4.1,2

Automatic Route Sclection: Using precoded
threat data, the process finds three lowest
threat routes through a defended area and
a loweast threat route that overilys an oper-
ation designated IP, ' '

Route Safetv Scoring: Using a given route
profile the function scores the route expres-
sing route safely in terms of accumulated
time within threat zones woighted by the type
of threat. The process accumulates scores
by route leg and over the total route, Al-
ternate routes may be compared,

LR

Automatic Route Adjustment: Using a route
profile which 13 input {grossly defined), the
system creates additional route segments,
such that the adjusted route avoids or en-
route threats or minimizes the threats,

73.3.2.4

RPV Communications Line of Sight Masking:
In the route profile planming process, this
program obtains prestored data on LOS

masking to a predetermined relay aircraft

ilight profile from the data base,

3.3.4.3




Table V.2-2 Application Programs: RPV Mission Planning (continued)

Identification and Description

Reference

Relav Aircraft Flight Profile Planning:

Using data generated by the RPV communi-
cations LOS Masking program, the program
plans a Relay A/C flight profile and schedule
such that over time the relay aircraft is
positioned to satisfy operational requirements
for LOS communications and to minimize the
possibility of jamming in an intense jamming
environment.

Relay Aircraft Flight Profile Planning to
Avoid Jamming by Specific Jammers: Using
data on known jamming sites, the program
calculates the communications jam to signal
ratio for several relay aircraft positions.
The data is displayed and the operator sel-
ects the desired position.

Weapon Selection: Using precoded weapon
effects data from the Joint Munitions Effect-
iveness Manual, the pnrogram displays data

on the three best weapons (ordnance, carrier,
and delivery tactic) against the target type. It
calculates a probability of excess Ps if number
of A/C or RPV's are input, or number of A/C
or RPV's required if desired Ps 18 irput

oW
—
N

ECM Mission Flanning: This program cal-
culates the jam to signal ratio using mission
geometry, radar cross section data, and
technical data of emitters and receivers,

o G

Chaff Precursor Mission Planning: This pro-
gram generates a mission profile for a chaff
precursor mission using mission geometry
data, technical data on chaff packages, and
data on variables effecting chaff dispersion
such as atmospheric winds,

Target Review: This program displays data
on the target against which the mission is
being planned and other data supporting the
planning process,

3.3.9.3

4.1,2
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Table V,2-2 Application Programs: Physical Control Of RPVs (continued)

Identification and Description Refcrence l

4 |Plan Review: With data based on planned flight 3.3.10

profiles, this program generates and displays 4,2,1
tracks at rates many times real time, exam- 4.3
ines plans ‘or airspace conflicts and facility,
and operator ovarloads.

L

5.3 DATA BASE AND PROCESSING RATES

The principal operational data which must be in the data base for physical
control are the coded mission profiles generated by the plenning function.
These data are estimated to require 188K bytes of storage for 240 missions
(Ref, Subsection 3,3.2,5), Message formats and address and routing

tables may require another 100 K bytes of storage, The six application
programs required for physical control are relatively small, totaling

3.6 KI's, The first three programs listed above in Table V,2-1 total 3,2 KI's
and are executed periodically each half-second. The antenna pointing angle
program is executed as required when the relay aircraft has lost communi-
cations contact with an RPV mission, The two over-the-target programs
are executed each 0.2 second. Based on these programs and these exe-~
cution rates, it can be estimated that the processing required to execute

the application programe for physical control are approximately 7 KIPS for
enroute control, and one to two KIPS for over-the-target control. These
estimates do not include the processing required to service operator
initiated requests for data nor the processing required to generate and main-
tain displays. Based on TACC and SEEK FLEX simulations of the TACC
Current Operations Functions, the processing required to service operator
requests and provide operator displays are under 5KIPS on the average.

The conclusion is that the processing rates for physical control are not high.
An ADP system in the 50 to 100 Kilo instructions per second {KIPS) range is
indicated,

SRR D T B P R YRR Y

D g,

For force planning, the operational data base is large. Quantitative esti-
mates can be developed at the function level recognizing the similarity in the
data base required for planning RPV missions, ito that required to planned
manned aircraft missions, Thus it is possible to estimate prabable total
data bave reoguirements, Under the SEEK FLEX study, it was estimated
that to plan and monitor combat and combat support missions (airlift mis-
sions excluded) an operatioral data base of about org million bytes was re-
quired. The MPS data base for the Advanced Development Mission Planner
System has been estimated at 7,2 million bytes, In ADMPS two files, pre-
scored automatic route selection tables and terrain masks, account for 3,6
million bytes in the 7,2 million total. Ancther million bytes relate to wea-
pon selection and A/C configuration; 0.5 million bytes are unique to ECM
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and route safety scoring, Considering these data base totals in the light
of specific requirements to plan RPV missions, an operational data base
in the order of 4 to 6 million bytes appears required to implement all
algorithms for RPV mission planning, Data base usage factors are such
that core storage requirements are not excessive,

The application programs supporting mission planning and force monitoring
and replanning are estimated to require 162,6 KI's, Tlese programs are
operator initiated or are called by operator initiated programs., The pro-
cessor requirements expressed in KIPS which are needed to execute these
programs depends upon many factors, Two dominating factors are; 1) the
number of operators simultaneously planning and replanning missions, and
2) the degree to which the operators request amplif ying data. This latter
factor determines the rate at which application programs are calied which in
turn influences processor requirements since applications programs use
more processor time than the review of amplifying data, Based on the
similarity between mission planning and monitoring for RPV and for ranned
missions, plus experience gained from MPBS, the processing rates re-
quired for the RPV force planning and monitoring system are on the order
of 100 to 300 KIPS, depeading in part on how frequently the operators choose
to call programs like terrain masking and automatic route selection,

5.4 QPERATING SYSTEM CONSIDERATIONS

5.4,1 DCE Multiple RPV Control Element

A resident executive function is required to: 1) support the control of 20
drone subscribers, 2) provide operator communications (considering graph-
ical and tabular displays), and 3) provide system scheduling and core al-
location for limited real time environment,

An additional requirement exists for; 1) interrupt handlers and the main
memory map, and 2} /O control and handlers,

A non-resident O/S portion including infrequently used operator communi-
cation~ functions such as keyboard processing, report gencration, and sys-~
tem iunctions such as device and resource allocations is allocated to a pri-
mary mass storage device, These functions can be swapped in and out of
main memory as required, In addition, with a limited main core capacity,
applications programs and data could be allocated on the external device
and be swapped in the same manner,

5.4.2 DCE Wceapon Delivery Control Element

The requirement to provide Video Display control is included in the estimate
for the non-rvesident O/5 system function for the DCF Basic Control element,
This control function is allocated in this manner considering the co-location

of the two clements,

5.8




- 5.4,3 DCF Force Planning Air Monitoring Element

Considering the optimizing of throughput and response requirements in an
interactive real time environment, a resident O/S estimated at approx-
imately 75, 000 bytes is required, Dynaiaic core and device allocation,
diagnostic error processing, program loading, and interactive operator
communication functions are ciousidsared.

Table V,4-1 indicates the estimated (in bytes) size of O/S functions allo-
cated for each element,

Table V,4-1 Estimated O/S Functions

DCF Multiple RPV
DCF Planning Control Element
System Tasks Element Total O/S Resident Exec
Scheduling 400 400 400
Core Allocation 4, 000 800 800
Device Allocation 800 400 400%
Resource Allocation 1, 200 400 400%
Program Loads 4, 000
Swapping Control 3, 600
Task Dispatching 200
Interrupt Handler : 800 800 800 %=
Program Terminator 4, 000 2,000 1, 000
Abnormal End Term, 800 400 400
Generator Comimun., 24, 000 12,000 1, 600
Restart 4, 000 4,000 I, 600
Diagnostic Error Prc. 4, 000 1,200 1,200
Timers - 200 _ 200 200 %=
Program Control Trace 100
| Memory Map 10, 0600 ' 7, 000 7, 000
{1/0 Control Program 10, 000 8, 000 6, 000«
/0O Device Handler 2,400
TCTAL 74, 800 39,200 23, 400
) % Resident in 1/0 control region
lax Resident in memory map region
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RPV COMMAND AND CONTROL SYSTEM CONCEPTS

6.1 INTRODUCTION

Litton's analysis of the RPV command and control system requirements is
documented in Section 3. In the analysis three components of the RPV Sys-
tem; 1) the RPV vehicle, 2) the relay aircraft, and 3) the Command and Con-
trol element(s) were addressed, The analysis, however, centered on the
command and control elements and the requirements to provide effective
Command and Control of RPV operations, e.g., requirements to plan the
missions, to execute operations as planned, and to adjust operations as
required,

Command and Control procedures and implementation concepts were designed
to provide effective Command and Control while concurrently minimizing the
RPV vehicle on-board avionics and the communication required to maintain
control of the airborne RPVs,

Command and Control requirements group into three functional areas whica
are separable in terms of operator skill, automated data processing and dis-
play support, and communications requirements, These three functional
areas ave:

. a. RPV Mission Planning and Force Control.

b, Control of the RPV inflight from launch to recovery except for
.close control of the strike RPV vehicle in the weapon delivery

phase,

c. Control of the strike RPV during weapon delivery and bomb
damage assessinent,

Figure 6.1-1, RPV System Elements, depicts in specification tree format
the elements of the RPV system which have been addressed in this study (bold
outline} and other essential system elements which have been subsumed, The
dached boxes are elements that are or may be external to the RFV system,
This scction addresses specifically the system performance parameters for
the RPV Command and Control Elements of the system. Alternative system

‘configuration for the Command and Control elements are developsd, and the

advantages and disadvantages of each are addressed, A preferred system

- configuration is selected, and alternatives to the preferred configuration are

then presented,
6.2 SYSTEM CONCEPT

Functional areas for RPV Command and Control are identified as follows:
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Figure 6,1-1. RPV System Elements
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DCF, Multiple RPV Control Element: The functional area included in this
element is the physical control of RPV from launch to recovery using status
data reported by the RPV and position data provided by the navigation subsys-
tem, This functional area provides the physical control required for RPV
operations, excepting over-the-target control of RPV strike missions, For
brevity, such control is referred to as the DCF, Multiple RPV Control
Element.

DCF, Weapon Delivery Control Element: The functional area included in
this element is the physical control of RPV using status data reported and
more precise position data which are developed from imagery data obtained
from RPV EO Sensor Subsystem. This functional area provides control of
the RPV strike mission in the weapon delivery phase and for bomb damage
assessment, For brevity, such control is referred to as the DCF, Weapoa
Delivery Control Element,

DCF Plarning and Force Monitoring Element: The functional area included
in this elernent is the RPV planning function, mission replanning, and adjust-
ment. For brevity, such control is referred to in this section as the DCF
Planning Element,

The distinctive features of each of these elements are:

DCF, Multiple RPV Control Element Features: The reguirements for pro-
cessing support are characterized by a system that operates principally on
data provided by the Communications System., From the RPV, the element
obtains data that are used to establish the location of the RPV from launch
to recovery. Data on the status of the RPV are obtained. The reported
condition is compared to the condition that should exist according to plan,
Deviations are detected and appropriate control directives are formulated
and transmitted to the RPV, From the planning elemeat, directives may be
received to redirect missions. Control directives are formulated and trans-
mitted to the RPV inflight, or to the launch control facility, for missions not
yet launched.

The principal operational data required are data on the plans for the RPV
missions as generated by the planning function. Activity is generated in
near real timeo by data received from the Communications System, Emer-
gency conditions excepted, response time requirements are not immediate;
that is, within fractions of minutes, Communications rates are relatively
low.

DCF, Weapon Delivery Control Element Features: In contrast to the DCF
Muitiple RPV Control Element, the Weapon Delivery Control Element is
characterized by near real time requirements {or communications, process-
ing support, and operator actions. Imagery data from the RPV must be
communicated, processed, and displayed., Near real time reporting and
processing of RPV status data are required to provide the capability for
manual contrel, Full time operator action is required. Communications
rates arc relatively high.
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DCF Planning and Force Monitoring Element Features: The distinctive char-
acter of the planning element relates to the ADP support required. A rela-
tively large operational data base is required (friendly force status, enemy
order of battle, geophysical data, commanders guidance, and planning fac-
tors), ADP Support is also characterized by relatively large applications
programs required to support the planning functions. For preplanning,

rapid response is not an absolute requirement., However, since the ADP
System interacts with the operator and the throughput requirements are rela-
tively high, the ADP System must be capable of responding to operator
requests for processing in a few seconds, To satisfy response time require-
ments for mission replanning, a rapid response is required. The ADP Sys-
temn must be capable of simultaneously supporting multiple operators planning
different types of miseions. The communications requirements are relatively
low,

6.3 SYSTEM SYNTHESIS
6.3.1 Introduction
The subsections that follow synthesize the system requirements of the system
elements that have been identified and described in the preceding sectionsg,
The system requirements are expressed in terms of:

¢ Communications interface requirements,

o ADP support requirements,

¢  Operator and operator facility requirements,

Maintenance support requirements are not included,

The quantitative factors presented are based on Sections 3 and 4 as developed
and summarised in Section 5, ADP Support Requirements,

6.3.2  DCF, Multiple RPV Control Element

Communications Interfaces: The principal interface is with the airborne RPV,
The data presented in this aection assumes all communications to the RFPV
inflight are through the relay aircraft, This maximizes the requirements on
the most critical interface links in the RPV gystom. Any direct communica-
tions between the DCF and airborne RPV, within line of sight communications
range of the DCF, would merely reduce the link requirements to the relay
aircraft without concurrently imposing other critical system requirements,

Cther interfacea are with launch and recovery operations and with the DCF
planning element, It is an operaticnal agsumption that interfaces with the
TACS and other external system elements will be through the DCF, RPV
Mission Planning and Force Control Element, Table VI, 3«1, DCF, Multiple
RPV Control Eleiment Communications Interfaces, tabulates quantitative data
on these interfaces, Column { is the interfacing element, Column 2 the type
data exchanged, (I) asigni.lies input to the DCF, Basic Control Element,
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(O) an output, (I/0) signifies a message exchange, e g,, inpuis generating
outputs, and vice versa, The right-hand column is the reference to the sub-
section in the study report where the quantitative factors on message rate

and measage length are addressed. The entry 485L means the data were ob-
tained by analogy to the 485L System and are derived from the 485L System
Specification. The entry (EJ), signifies an ""engineering judgment' factor not
specifically addressed in the study. The message length and the bit rates cal-
culated in Columns 4, 5, and 6 are information bits only.

Further discussaion of the three basic data links illustrated in Table VI, 3-1
are described in paragraphs a., b,, and c. below.

a. DCF/Launch Site and DCF/Recovery Site Link: The average bit
rates are not calculated, The link must be available on demand,
It is assumed that at any launch site there can be only one launch;
similarly, at the recovery gite, only one recovery. A low data
rate link, e.g. 600 BPS, two way simplex, satisfies all re-
quirements,

b, DCF RPV Command Response Link via Relay Aircraft: Total
bit rates tabulated, information bits only, are 107 BPS incom-
ing to the DCYF, eight BPS outgoing. These rates apply to the
DCF to Relay Aircraft Link with 20 RPVs under control. The
Relay A/C to individual RPVs rate is one-~twentieth of this, 5
BPS RPV-to-Relay A/C, 0.4 BPFS to the RPV, These data are
meaningful only to highlight that the average information rate
that must be sustained is low. There are several factors which
now must be considered, There are occasional longer messages
to and from individual RPVs. The system muat be capable of
accommodating such transient peaks. Individual RPV may be
serviced in turn., The overhead requirements of addressing and
synchronization must be satisfied and error control must be ac-
complished. Quantitative factors for these functions cannot be
ceatablished without postulating specific link characteristics, the
gcanning method, and a signal structure,

However, given that; 1) the average information data exchange
rates are low, 2) that exceptions requiring rapid response are
RPV-initiated and that simultaneous exceptions are unlikely,
and 3) that certain longer messages can be chained over several
contacts; there are methods of implementation that can rasult in
relatively low overhead rates, Using a synchronizing signal and
time #lot addressing, on the order of 200 bits per sector scan
are indicated., A factor of two on the information bits returned
for redundancy ie indicated. Assuming 20 sectors acanned to
contact 20 RPVs, such methods yield link capacities like 200
bits per contact on the down link {to the RPV]. On the up link,
150 bits provides a capability to transmit larger messages if
messages can be chained. With contact intervals like 0.5 sec-
onds /with 20 RPVs, 10 sccond contact interval for each RPV),
a 600 BPS full duplex data link is indicated from the RPV to the
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reiay aircraft, Similar engineeving judgment factors yield the
concalusio= that the DCF to Relay A/C Link should also be in the
order of 600 BPS (the information data rate is 107 BPS5 on the
down link.) If the DFC-to-Relay A/C Link has the same char-
acteristics as the Relay A/C-tc-RPV Link, direct corvinanica-
tions betweean the DT and the RPV can bs implement«:i through
assignme: it procedures applying the same method as used to
assign an RPV mission to one or another relay aircraft,

DCYE, Maultiple RPY Control Element/DCF Planning and Force

Mcnzfor’ng_Fleﬁent. Considerations on this link are that the

suf‘f;ainea data rates are relatively low. Relatively long mes-
seyges are occasionally transmitted, Communications are re-
quired on demand. If these two elements are co-located, this
interface is internal to the data processing system, If remoted,
a link like 600 BPS appears adequate {on a 600 BPS link, a 65
spgment route profile could be transmitted in {6 seconds),

Z)fo:; Weapon Delivery Control Element: The fact that Weapan

Dwilvery Control Element has been defined to be separable from
the DCF, Mulnph RPV Control Element dictates an interface

'reqmr ement hebween the two elernents. A system assumption

18, howaver, that these two clements arve colocated and inte-
grated into s single ADP Support system. The interface is
therefore intevnal to the ADP system, The requirement is to
provia- a consele-to-console interface, a capability usually
provided in a multi-operator sysiem of the type being
considered, ' '

ADP Support Qaﬁu:rnmnx\ta* The ADP Suppo-t rﬁqu:rﬂnm s for the Multiple

R¥V Control, teveloped in section V are:

Data Base Reguived: Approximately 101K bytes, oue
: RPV unit of 20 vehicles, 288K
bytes, ‘ar s 3 unit force,

Application Programs #, & Kig {include 1,3 KIs for
‘ A Fiight Profile coding).

Operating Systeni: 39, 2k bytea,

Operaior, Operator Facliiticsr - Tha physical control procedures that nave

Yeen postulated reguire as ararator console providing simultancous graphic
and tabular displays. This s "imy he a dual display, or & split screen approach
may be used. Consals renirel requirements are those typical of Control

14

Congoles such a% rpacified for the 485L System. The number of consoles
required depend upon the number of speratcrs required which, in turn, de-
pends upcn operstor lesding. Table VI, 3-2, DCF, Multiple RPV Control
Elam*-nt Lparalor Leosde, tabulates om-rator load factors. Based on the
factors uugumcd, total aporator time per mission is just over three minutes.
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Total operator time for controlling 20 missions simultaneously for a full

. hour is 71, 3 minutes, Considering that this is the load for a peak activity
period, and that many of the operator actions can be delayed minutes without
any loss in effectiveness, it is judged that two operators can provide the re-
quired control. There is, however, a requirement for a third operator to
monitor the operation of the unit's force. Additionally, third operator sta-
tion provides capability to handle transmit peak loads and a backup capability

to maintain control, should one operator station fail, Therefore, three

: operator stations are proposed.

6.3.3 DCF, Weapon Delivery Control Element

; Communications Interfaces: The requirement to interface with the DCF,

¢ Multiple RPV, Control Element was included in the preceding subsection,
- The only other interface, and the significo-nt one, is with the RPV through
: S the relay aircraft, Table VI, 3-3 tabulates the quantitative data,

The electro optical video data is characterized by a requirement to transmit
from each RPV to the DCF high resolution video data in near real time. A
high data-rate broad-band link is thus inherent in the requirement to control
several RPVs,

K : Data on the control directives, DCF-to-RPV, are extracted from Table I1I,2-1,
g The messages identified as aperiodic are principly once per mission mes-
sages which initiate and terminate the weepon delivery phase, The principal
exception is the sensor zoom mcssage. The RPS estimate is therefore the

g bit rate established by the requirement to repurt at 0,2 second intervals with

£ - the sensor zoorn message superimpos<d on every message. The RPV to DCF
data rates are dominated by the periodic messages that generate 261 BPS,

Given that there is a broad band link established from the RPV to the DCF
through the relay aircraft, the data rates are low :elative to the data re-
quired to transmit the video, It is assumed thai the link is implemented
using the same antennae used for the video link with the digital data multi-
plexed on the video on the up link, Th~ down link, relay aircraft to RPV,
will be implemented by routing thc message to the Relay Aircraft Video link
antenna,

Since the system requirement is to ca.irol four RPV over-the-target simul-

3 ;}v‘
5}. taneouly, the link requirements, DCF to relay aircraft, are four times the
% }5; numbers on the table; that is, aprroximately 1,000 BPS from the Relay A/C
%% g to DCF and 1,600 BFS on the up-link from the DCF to the relay aircraft,
4] gf Considering that these rates are sustained on dedicated links, link capaci-
. &’ ties of 2,400 BFS minimum are indicated,

ADP Support Requirements: The ADP Support for Weapon Delivery Control
developed in Section » presupposed that the Weapon Delivery Control element

6-9
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is colocated with a DCF Multiple RPV Control element. Given this, the addi-
tional ADP support required is:

Data Base: Not significant
Applications Programs: 0.3 Kls

Operating System: Common with the DCF Multiple RPV Con-
trol Element. Additional video display
control requirements are estimated 2 to
4K bytes.

These estimates do not include:

a, The Data base required to store historical video on the target
nor the processing required to display historical video concur-
rently with the real time video picture.

b, Processing required to calculate, at the DCF, a weapon release
point for ""dumb bombs'' and to transmit a release directive to
the strike RPV,

Operator Facilities and Operator Requirements: The console display require-
ment for weapon delivery is to display the EQ Sensor video picture with que-
ing symbols superimposed, An additional capability to concurrently display
queing video, is desirable. Some type of cursor control for steering the EO
sensor is required. Other controls to couple EO sensor steering to the RPV,
to enable or direct weapon release and/or to initiate the escape maneuver,
reattack, divert, or return to base are required. Since implementation is
based on continual operator control in the weapon delivery phase, an opera-
tor and an operator console is required for each target simultaneously en-
gaged, With four simultaneous attacks required, four operators, and four
cparator consoles, are required,

6.3.4 DCYF Force Planning Element

Communications Interface: The interface between the DCF RPV Planning and
Force Monitoring Elemer.t, and other DCF elem=nts, have been described in
preceding subsections, The system concept provides a ground-to-ground data
link between elements that may be remoted, The interface requirement is
easily satisfiad by a low data rate link. If elements are colocated the inter-
face is internal to the ADP Support system and is implemented through a con-
sole data transfer function, Jhe¢ TACS interface is similar,{rom a system's
view, to the 4851 System interface between the TACC and a Data Source term-
inal., Another interface required is for track tell, A data link, TADIL B, is
required to tell the RPV track data to the TACC or the CRC (it is assumed
that distribution within the TACS is provided), A final interface is to the re-
lay aircraft which this e¢lement must control, This interface can be through
the DCF, Multiple RPV Control Element, None of these interfaces impose
any system requirements that cannot be easily satisfied,

6-11 '




ADP Support Requirements: If all applications programs described in Sec-
tions 3 and 4 are implemented to support RPV mission planning the ADP Sup-
port Requirements for the RPV Planning element are:

Data Base Required: 4 to 6 million bytes

Applications Programs: 162.6 |KIs

Operating System: 74. 8K bytes
If the requirement for automated support for weapon selection, automatic
route selection, and terrain masking were eliminated the ADP Support Re-
quirements would be reduced to: ,

Data Base Requirement: Approximately 2 to 3 million bytes

Applications Programs: 132, 8Kls

Operating System: 74, 8K bytes

The principal saving is in the data base which can be maintained in bulk
storage.

If the requirement for automatic support is reduced to a minimum support
level, that is selected to include:

o Route Profils Coding.

o Semi Automatic Route Planning.

o Route Safety Scoring,

o Relay Communication LOS Masking & Flight Profile Planning.
The ADP Support Requirement would reduce to:

Data Base Required: Approximately | million bytes

Applications Programs: 55,9 Kls

Operating System: 50 to 60K bytes
Operator, Operator Facilities: Assuming a 3 unit RPV force with each unit
capable of executing 80 missions per day with 20 RPVs simultaneously air-
borne, the system must provide the capability to plan 240 missions and con-

trol 60 RPV missions simultaneously, The operator loading associated with
this activity depends upon many factors such as:

a, The planning tizie allowed: The assumption is that the planning
response time is comparable to that specified in the 485L sys-
tem., That is RPV Mission Planning, which includes detailed
mission planning, should be completed in four to six hours,

ey
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b. Abort rates, divert rates, and the requirements to plan immed-
iate missions: The assumption is that these factors are com-
parable to those specified for the 485L system,

With these assumptions, and based on the time required to plan a single
mission as developed from SEEK FLEX and TACC simulations and MPS ex-
perience, it is estimated that 4 or 5 planners can plan all missions in six
hours or less, A minimum requirement is four planning consoles, one each
for Strike, EW, and RECCE missions, with the fourth console allocated to
a fourth planner for any mission type as required, For mission monitoring
one operator for each mission type is minimum with one supervisory con-
sole, Based on these assumptions and for a three unit force the minimum
operator requirements are eight operators and eight operator consoles, It
is probable that this minimum also satisfies the operational requirements.

6.4 SYSTEM CONFIGURATION
6.4.1 Introduction

A given RPV Force coansists of a RPV composite group with three RPV units,
1}  An RPV Strike Unit
2) An RPV EW Unit

3) An RPV REECE Unit or
Three Composite Units

Each unit is capable of launching 80 missiors (sorties) per day with 20 mis-
sions simultaneously airborne, The RPV (.ommand and Control System

must be capable of simultanecusly controlling 60 missions with four of these
missions in the weapon delivery phase, The planning element(s) must be-
capable of planning 240 missions per day, To provide the required Cormnmand
and Control there are several ways in which the system elements can be com-
bined. This subsection presents four configurations which are possible and
addresses the advantages and «disadvantages of each,

6.4.2 Centralized Configuration

In this configuration (Figure 6,4-1) all system elements are colocated, Such
a centralized Command and Control facility would most probably be located
at the RPV Composite Group level, It applies to any unit deploymant but may
be most applicable if the deployed uaits are Composite units, The system
components required are three DCF, Multiple RPV Control Elements, one
DCF, Weapon Delivery Control Element, and a DCF RPV Planning and Force
Monitoring Element with redundant components reduced as follows,

Operator Positiong and Operator Consoles: The individual elements as de-

fined include a supervisory position in each DCF Multiple RPV Control Ele-
ment which was sized for unit control., In addition there were three mission
monitoring positions, and one supervisory position in the DCF, RPV Planning
and Force Monitoring Element. This is a total of seven monitoring and super
visory positions, In the Centralized Configuration, 3 monitoring positions

6-13
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and one supervisory position would probably satisfy the requirements, thus
saving three operator positions and three operator consoles,

Communication Requirements: The communication requirements for the
Centralized Configuration are the sum of the communications of the indivi-
dual elements, The implementation of several interfaces are affected how-
ever. Inter-element interfaces can be implemented internal to the ADP
Support Systemn with a corresponding elimination of the need to interface
remoted DCF elements by ground data links. Offsetting this is an increased
requirement to interconnect the centralized facility with all launch and re-
covery sites., The interface to the Relay Aircraft introduces factors on
relay aircraft sizing and relay aircraft control that have not been previously
addressed. Assuming however that; 1) a relay aircraft is sized to communi-
cate with 20 RPVs simultaneously, and 2) the use of multiple relav aircraft
when operational requirements dictate is independent of the RPV Command
and Control system configuration and 3) control of the relay aircraft will be
allocated to the DCF, RPV Planning and Force Control Element; then com-
munications relay interface requirements are independent of the RPV Com-
mand and Control System Configuration. The third primary interface, inter-
face and the TACS, is assumed to be through the DCF, RPV Planning and
Force Control Element in all configurations and is therefore also configura-
tion independent,

ADP Support Requirements: The centralized facility can be supported by

an integrated ADP Support System with the usual cost saving that results
from eliminating the need to duplicate data bases, operating systems, and
applicable program requirementa. The amount of ADP System capacity that
can be saved depends upon the amount of duplication in a distributed system.
For this particular system there is no significant duplication in the data base
requirements of the DCF, Multiple RPV Control Element. The total data
basge required in the centralized system is approximately the sum of the
total data base' requiremnents of the individual elements, The application
programs for the DCF basic control element need not be duplicated saving
storage for 3,6 Kls. The principal saving in the Centralized ADP Support
System as against a distributed system is in the system operational support
software. One operational support system is required, not three, which
indicates an apparent saving of 78.4K bytes storage, Offsetting this however,
is the consideration that the centralized ADP System will require a more
capable, hence somewhat larger, OS system which reduces the apparent
savings in storage and increases somewhat the cost of providing the OS
system, The conclusion from these general considerations is that in this
system the cost savings of a Centralized System as against a distributed
system that will be described is relatively small.

Maintenance Support: The Centralized System concept contains, within itself,
centralized maintenance support, It is normally evident that a centralized
facility can be maintained at a cost significantly less than a decentralized
system, The quantitative savings are dependent on the system maintenance
concepts, failure rates and the degree to which one dispersed element can
back up another,




Considering all factors that impact cost, it is concluded that the Centralized
Configuration for the RPV Command and Control System can be provided at
a cost saving, as against a decentralized system. The cost savings are,
however, relatively small when compared to total system costs.

Operational Concepts: The other factors to consider are the operational
factors, There is no obvious operational advantage in a centralized con-
figuration, The element interfaces are not more effective, There are no
significant person to person interface requirements that are enhanced,

There are a number of operaticnal disadvantages in the centralized con-
figuration, First, any centralized system is inherently more vulnerable to
enemy attack, Secondly, being larger it is less mobile, and set-up time is
longer., Finally, the savings in the centralized system were in part realized
by reducing system redundancy which makes the system more vulnerable
when gystem components fail, The operational advantages of a decentralized
system which is designed to provide element back-up include increased sur-
vivahility, increased capability to function in degraded modes, and increased
mobility which includes the capability to relocate in a leapfrog mode, These
features are all disadvantages of a centralized system.,

Consgidering the fact that the RPV system must be designed to operate in a
mobile tactical environment, disadvantages of the centralized system seem
to far outweigh the advantages.

6.4.3 Decentralized Configuration A:

This configuration is:

a, A DCF, Multiple RPV Control Element at each RPV unit,
(Figure 6,4.2 depicts RPV units as mission unique, but
Com:posite units may be deployed).

b, The DCF, Multiple RPV Control Element at the Strike
RPV unit augmented with the DCF, Weapon Delivery Con-
trol Element,

¢c. A DCF, RPV Planning and Force Control Element colocated
with the Strike RPV Unit DCF,

In this configuration, (Figure 6.4-2) the system elements that provide phy-
sical control of the RPVs and monitoring at the unit level are decentralized,
and the RPV Planning and Force Monitoring functions are centralized as

in the centralized configuration described. The cost factors are the con-
verae of those degcribed for the centralized facility. Three more operator
positions and three more operator consoles are required, These operators
and operator consoles provide, however, increased system redundancy with
the attendant capability to handle transient overloads, or to function with no
loss of operational effectiveness in the event of system failures. The fact
that the DCF Multiple RPV Control Elementa do not significantly require
duplicated data bases and that the application program requirements are
amall, meane that it is the operating system (39, 2K Bytes) that is the only
significant duplicated component. As indicated in the previous subsection,
maintenance costs will be increased.
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All factors considered, it is a subjective conclusion that the advantages of
the Decentralized Configuration A, when compared to increased costs, are
such that configuration A is preferred over the centralized configuration.
This is especially true if the units are mission unique as depicted in the
figure,

6.4.4 Decentralized Configuration B

This configuration (Figure 6,4-3) is identical to Decentralized Configuration
A except that the force planning element is <ollocated with the TACC rather
than at the Strike RPV Unit DCF, It applies to mixed force deployments
only since for & pure RPV Force the DCF Force Planning element functions
as the TACC, The cost factors of Configuration B, as against Configura-
tion A, relate aimost exclusively to how the automated TACC of the 4851
system is designed, the specific capability provided in the RPV Force Flan-
aing Elsment, and/or the degree to which the Air Force deaires to apply
the capability of the RPV Force Planning Eiement to the planaing of manned
system.s. The factor that enters into selecting thia configuration, as against
Configuration A, are primarily of a Command nature,

6.4.5 Decentralized Configuration C

This configuration (Figure 6.4-4) is similar to Decentralized Configuration
A, except that force planning is decentralized to the RPV unit level. The
cost factor is relatively high gince the data base and program requirements
of the individual planning #lements are almost the same as for the central-
ized planning element., Not only are the cost factors high, but there are
opsrational disadvantages in decentralizing planning, including communi-
cations relay planning delegated to the unit level, It is concluded that this
configuration is not compatible w th the operational requirements, and that
the cost is high, Table VI, 4-1 is a sumrnary chart of the four configurations
It preesents data on the comparative manning levels and ADP requirements
for each configuration, The advantages and disadvantages are also sum-
marized,

6.4.6 Airborne QOptions

There are saveral viable airborne options, One is to provide the DCF
Multiple RPV Control Element in an airborne command post. Considering
the system egize, thie im quite feasible, The considerations are primarily
dependent upon a Command selection of an operational mode ard outside the
scope of this study., Another possibility is to provide, over th: target con-
trol, the DCF Weapon Delivery Control Element, on an airborne platform.
If the Weapon Delivery Control Element is stripped to its essertial elements,
a fighter aircraft could be configured to provide Weapon Delivery Control,
By overflying enemy territory communications requirements cculd be con-
siderably reduced, While the latter option has many attractive features
there is one significant operational disadvantage, overflight of enemy terri-
tory is required. As with other options mentioned, the primary considera-
tions in rejecting or purguing this option are operational.
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SECTION 7

SUMMARY OF FACTORS AFFECTING
RPV C&C AND RECOMMENDATIONS

7.1 SUMMARY OF FACTORS AFFECTING RPV COMMAND AND
CONTRCL

Since the RPV System, the RPV Command and Control System, and the
cperational concepts for the use of RPV are evolving concurrently, there

are many areas that can be identified as requiring further study and analysis,
At the highest level there are trade-offs between the total systern capability
and total system rcosts, At lower levels there are trade-offs between the

‘ RPY vehicle system element and its onboard avionics, the communications

and navigation system elements, and the command and control elements,
Within each element many trade-offs exist. Within the total pyramid of
trade-off options, the objective is to achieve an optimum balance between
RPV asystem capability and RPV system costs within a concept of use that
optimally balancds the RPYV weapen system capabilitv and the capability of |

. mannead weapox‘: systeme.

In the :malysia of the RPV Command and Control ‘Wstem whi;b thton con-

o ducted, many arcas were identified where viable aptions exist whch affect

Command and Control Sya%em reqmrements cr where further analyses are
required to-develop the Command and Control eystem roguirsments, Table
VIL. 1-1, Sumarnary, RPV System Factors Affecting RPV C&C, liste the
principle factors that impact the RPV Command and Cantrel System per-
formance parameters. Trese factors, identified as "trade-off," relate to
slternative commuaication approaches that affect Command and Conirol
cornmunications, Those factors identified as, "Baseline Assumptions, "
relate to the capab:lity of elements of the RPV systemn which impact the

‘Commsné wnd Control options. Variations to such a baseline need to be

assessnd w terms of the effecte on the ground based Tommand and Control,
The natation, "further analysis roquired, " indicates that a aiore detailed
analysie is vroquired to eatablish the system requirements for APP Support,
Operator facilities, operator tima required, and the associated communi-
cations roguirements, The 3ection reference is to the Section of this re-
port whers that 3ystem Factor {s dircussed, The consideration in each of
theoe areas are discussed, briefly, in the following peragraphs,

7.1.1 Comumunication Subsystem Characteristics (Ref, Secrion 2.7.1)

Thia section lists some of the characteristics of the communication sub-
system which appear ta be desirable, as well as; comrnunications technology,
RPV syatem ragquirements, and cost effectivonzas parameters considered,
Hzm) alternatives that cxwt are identified in Litton's study and previous
Air Force funded gtudie The principle factors affecting the trade-offs
which ave extornal to the Connmmication Subsystem relate to the capability
of the RPV on-beard avionive, and to the operational requirements for
communication on demand veraua periodic Commounications for the Com-
mand and Response Link(a).
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Table VIL 1-1,

Recommended Study Areas

Recommended Study Areas

Section Reference

3,
10,

11,

Communication Subsystem Characteristics
(Baseline Assumptions),

Use of Command Response link for RPV
range measurements and location (trade-
off).

Use command response link frequency band
and RF hardware to measure terrain clear-
ance (trade-off).

Use HF for a one way command link from
DCF to Abn RPVs, RPV response through
s relay {trade-off),

RPV Avicaics subsystem characterutxca
_ (Euelme asemptmna).

; _Command Regponse Linkl, w capor Delivery

and Foroute Control (Baseling As&mptxone)

Al'lwi.gai;mfn Sabsystemn Characterietics

{Baseiine Assumptions),

RPV Position and Status Ropo:ung
{Baseline assumptions),

Muitipla Veahicle Contxol Proceuure-
{Bsasline assumptions),

-Oparator time required for controi of _
. maitiple RPVs (further analysis requized),

Reguirements for target acquisition and
control of weapon delivery and bomb
damage assessmoent (further analysis
requived),

Automatic Raute Adjustmant implementation
(fuxther analysis requirad),

Procedurs for Relav A/C route profile plan-
ning and immediate replanning (further
mnwo*c required),

2.7.1

2,7.6 and 2,7.9
ZQ7¢6 ;nd 2. 7.9
2,7.9

3,2,1la, b, ahd c

3‘ 31 5.1
3.2,5.4

3.2,6.8

3.3.2.4

303-"’3.3.5
and 3,3.9.4
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Table VII, 1-1, Recommended Study Areas (cont)

Recommended Study Areas Section Reference

14, Develop quantitative parameters for ADP Section 5
support for RPY Command and Control
(software, data base, processor) (further
analysis required),

- b v

7.1.2 Uge Command Response Link For RPV Range Measurement (Ref,
T il.6and 2.7,9)

Given that an airborne relay is required and that communicationa security
~and nJ protection must be provided, it is not techaically difficult, nor
sostly, to add a range measuring capability, With two airborne relays,
location data are easily achieved, providing a completely self contained and
accurat- navigation system for RPVs. The necessity to provide two relay
. alrcraft may increase operating costs during the low activity periods,
There ig, however, the possibility of uaing a low cost relay, designed
specifically for enroute control only, which may reduce relay aircraft costs,
thuy making two airborne relays cost effective. Additionally, several pos-
sioilities of providing adequate position data using one relay aircraft are
available. However, multiple trade-offs are involved.

7.1.3  Use Command Response Link Frequency Band and RF Hardware to

This is an extenaion of item 7.1,2 above. The possibility of low costter-
rain clearsncé capability, using the command response link RF hardware,
is available,

7.1.4 Use HF for One~-Way Command Lhk From DCF To Airborne
RPV‘ (Ref, Z 7.9}

This option has the promise of reducing significantly the link capacity re-
guired of the communications relay aircraft links, thus easing the AJ
problem and providing a possible means of acceptable location dats, using
communications ranging techniques and only one relay aircraft,

7.1.5 RPV Avionics Subsystem Characteristice (Ref, 3.2.1, Sub Para-
' graphs a,, b,, and ¢,)

This section lists some of the capabilities of the RPV avionics subsystems
.which appear to be necessary or desirable in order to provide a multiple
‘RPV Control Capability, Any change in these assumptions cauld signifi-
cantly impact the communications required for RPV Command and the
Coutrol,

7-3
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7.1.6 Command, Response Links, Weapon Delivery Control And Enroute
Control (Ref, 3.2.2)

This section assumes two command response links are provided; one pro-
vides periodic contacts, the other commmunication on demand, The assess-
ment is that this provides thé required operational capability at the lowest
cost, Any change in this assumption could sigmhcantly affect the relay
link capacity requirements,

7.1.7 Navigation Subsystem Characteristics (Ref, 3.2.3)

To minimize the cost of RPV Avionics, it is assumed that calculations
needed to interpret the navigation system signals and calculate RPV posi-
tion is allocated to the ground based processor. Any change in the assump-
tion affects the RPV on<board avionics subsystem and the communication
and control requirements,

7.1.8  RPV Status And Position Reporting (Ref. Section 3.2.4) -

Assumptions are documented on status and position data reported and on
the update rates, Communications and control requirements are dominated
by these assumptions, Any change in assumptions can very significantly
affect commnunication and DCF processing requirements,

7.1.9  Multiple Vehicle Control Procedures (Ref. 3.2,5.1)

The principal options addressed relating to enroute contiol, are; 1) pre-
programmed and preloaded vehicle control instructions with corrective

controls issued as required and, 2) all control instructions initiated by the
DCF as reguired to fly the preplanned profile, ‘The option selected to
assess the DCF perforrmance parameters was 1) above, preprogrammed
Control with Corrective Commands issued as required, Any change in this
assumption may significantly affect communications requzrod and, quite
possibly, operator requirements.

7.1.10 QOperator Time Required For Multiple RPV Control (Ref, 3,2.5.4)

Operator time required for multiple RPV control is dependent on many

. sesumptions regarding operator activities, These assumptions include

operational fuctors such as mission rates, abort, and adjustment rates,
Further analysis, and some type of simulation, is required to establish

- how these variables, coupled with alternatives in control procedures,

affect grade of service,

7.1.11 Reguirementa Eor Target Acguisition And Weapon Delivery And
omb | amage Agsessment ~ «2,0)

The principle trade-offs in this area relate to the transmission of video data

-afid the operator target recognition problem. These trade-off factors are
_interaal to the video data tranamission proceseing and display element and

1.4
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do not asignificantly affect the requirements for the command response data
link nor the number of operators required (operator requirements, one on
one, are assumed), These factors were not analyzed under Litton's study.
The other alternatives that affect the command response data link require-
ments and the rate at which a single operator can accept control of weapon
delivery depend on variables such as requirements for weapon release cal-
culations and operator control required for bomb damage assessments, es-
cape, and reattack. Further analysis and some type of simulation is re-
quired to establish how these variables affect communications requirements
and operator time required per attack,

7.1.12 Automatic Route Adjustment Implementation (Ref, 3.3.2.4)

The size of the data base and the application program required to implement
automatic route adjustment can vary depending upon the specific method
selected for coding threat data, The ADP support requirements presented
in Table V, 2-3 (Section 5) assumed a specific approach. Further analysis
is needed to establish that the specific approach selected is the most econo-
mical,

7.1,13 Procedure For Relay A/C Route Profile Planning And Immediate
Replanning (Ref. 3.3.4, 3.3.5and 3,3.9.4)

The planning for the relay aircraft route profile introduces many new
variable factors in mission planning, To adequately asseas all factors re-

- quires a quite detailed asseasment of the operating environments, opera-

tional procedures, and the diurnal distribution of RPV missions to be con~
trolled, Also, some type of simulation is indicated,

7.1.14 Develop Quantitative Parameters for ADP Support (Ref. Section 5)

The factors identified as software, data base, and processor are inter-
related, The requirement is to develop in more detail the ADP software
requirements to support the ground based comumand and control, the associ-
ated data base requirementa, and to establish the processing capability
required of the computer to provide timely response under load,

7.2 RECOMMENDATIONS

The factors summiarized in the preceding subsection are of two typea, One
relates to the RPV subsystem performance parameters, the communications

‘and navigation subsystems, and RPV on-board avicinics which affect the RPV

Cornmand and Control procedures and the Command and Control subsystem
performance parameters (trade-off {actors and baseline azsumptions). The
other factors relate to the requirement for further analysis to develop
guantitative parameters on the Command and Control system lcads, commu-
nications system loading, processing and display requirements, and operator
loading. The variables affecting the command control syetem load are of
three types; 1) the RPV subsystein periormance parameters which affect
Command and Control, 2) Alternative RPV Command and Control subsystemn

7-5




and, 3) Operational employment concepts and force level factors which im-
pose pérformance requirements on the RPV Command Control system, At
the system level it is important to be able to assess the effect of these
variables, singly and in combination.

Over the past several years, Litton has used a relatively simple, but
powerful simulation model to examine Command and Control aystem para-
meters with emphasis on communications, computer, and operator load
factors, Under the SEEK FLEX study the model wae developed to specifical-
ly analyze ADP support parameters. The ''Load Model" was used to develop
computer loads that were then used to drive a simulation model of vhe SEEK
FLEX computer, Under the TACC study, the model was developed further
to; 1) make it sasier to use, 2) provide more flexibility in its operation,

and 3) provide more useful outputs,

A document, "A User-Oriented Aid For Systemn Load Analysis," prepared
for Litton's internal use, deacribes the simulation model in operational
terms, It ig attached to this report as Appendix B, Since that document
was written, the model has been further developed to incorporate task
priorities and queueing, The model can be used without modification to
simulate the activity of an RPV Commnaand and Control system,

‘Specifically, the model can be used to establish the parametric relationship
between the RPV Command and Control subsystem and factors external to
the Cormnmand and Control subsysiem, The Command and Control subsystem
parametors that can be developed include:

a, Communications link requirements, bits per second by' link,

b, Operaior and operator facility requirements. number required
to achieve a specified grade of service,

¢. Data procesaing requirements, data baae (number of bytes),
scitware program size (numbered instructions), and pro-
cessing rates (kilo instructions executed per second),

'I‘he factors which can be easily varied to assess the quantitative oifecta
of viable options include:

a. RPV system capability factors such as RPV on board avioaics,
" communications, and navigation subsystem perfiormance
parameters,
b, Command Control Subsystem:
@ Functional allocations; man and machine, '

o Implementation of functional processes.

¢ Command and Control procedures,

2.6
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c. Force Size Factors:

e Number of sories per day,

¢ Number of missions per day.

¢ Mission Mix,

¢ Number of simultaneous missiona by type and phase,
d. Operational Factors:

e Ratio of preplanned to immediate missions,

.®  Abort rate and adjustment rate.

o Number of targets per mission planned, and executed.

e Response time requirementa,

The feature of the model which makes it 2 particularly useful tool to assess
system trade-offs, and the effect of aystem trade-oifs on the Command
Control and Comrmunication subsystems, is that once the system model has
been structured the variable parameters are easily changed, Many alterna-
tives can be assessed, singly or in combination, at relatively low cost,
Typically, to assesas the effect of a system variable, a model parameter is
changed and the model is rerun. To exploit the capability of Litton's com-
mand and control system load simulator, it is recommended that the Air
Force consider a study to simulate the RPV C&T systern using Litton's
load Model. The benefits that will be derived will provide insight into the
affccts of System Load trade-offs on RPV Command Control and Communi-
cations and the affects of alternative command and control procedures on
RPV System performance,
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APPENDIX A
RPV PLANNING DEMONSTRATIONS AND RESULTS

INTRODUCTION

On 23 August 1972, a Mission Planning System Breadboard demon-
stration was given at the Litton Computer Facility in Canoga Park,
California, to demonstrate RPV planning. This demonstration
satisfied subparagraphs 4.1.3.3,3 and 4,.1.3.5.4 of Contract
F30602-71-C-0015, Change “C", 6 July 1972. It also satisfied

in part all of paragraph 4.1,1.3.3,

The scope of the present RPV study did not i1tlow for extensive
changes to the NPS breadboard. It was desired to make very few,
if any, coding changes and to minimize changes to the data base,

To this purpose an existing, non-classified North Korea data base
was used., This mesant that the map and the EOB did not have to be
changed, The following paragraphs discuss the changes that were
asde to the data base and programs.,

DATA BASE UPDATE AND PROGRAM HODIFICATIONS

The purpose of this section is to describe the changes smade to
‘the data base of the Mission Planning System Breadboard to satisfy
subparagraph 4.1.1.3.3.2 of the contract. It was also necessary
to nake minor modification to the progtams in order to rua the
system for RPV planning. These minor modifications are also
described in this section. '

The following references wese uaed,

1. Study of Multi-Mission RPV Systems
Pinsl Technical Report, Northrop Corp., S$5-1494

2. An Analysis of Remote Manned Systems for Attacking SAN Site
Rand Corp. $5-1638 '




The following assumptions were made:

. 1. The RPV aircraft has a maximum operating range of approxi-
mately 200 miles and weapon load limits of approximately
2000 1bs.
2. There are only three stations on which weapons can be
carried.
3. AGM-65A (Maverick) type missile is carried in the place
of AMG 12-C (Bullpup B). '
4. No fire bomb or incendiary bomb will be carried.
S. The weapon delivery tactics is as follows:
a. Por AGM.65A:
Dive angle = 30°
Relesse Altitude = 7000
True aiv aspeed = 600 knots
b. Otherwise:
Dive angle = 45 ¢
Relouse Altitude = 3000
True air apeed = 600 knots

. A. Data base modules changoes are listed as follows:

1. 38elect 10 néw targets for the RPY type mission (TGTPILE),
Figures 1 to 10 show detailed information for these new
targets. The majur considerations For the RPV type target
list werer (1) the operating range of RPV aircrafs is
approximately 200 miles, (2) the operating weapon load limit
is approximatelv 2000 1lbs., (3) RPV weapon delivery tactics
{dive angle, air sjpred. leitase altitude) yield higher

|
u
)

effectiveness against point targets such as bridges, bumnkers,
buildings, S5AM or AAA sites.

Y LN Y. b s B b i

These new targets were added to the existing target file
(TGTFILE) in the data base.
2. Create a new nmission requirement file (MSNREQF) such that




3.

4.

the new missions associated with 10 new targesis can be
selected and planned by RPVMPS,

Figuze 11 shows the tabular display of mission number and
target information.

Pigure 12 shows the graphical display of target locations
and airbase locations.

Modifications were made to the airbase (AIRBASE) File to
reassign aircraft types to airbases, particularly, the
F~105D was replaced by the RPVQO! vehicle, and the RPVQO1
vehicle was assigned to the airbase closest to BEBA to

satisfy RPV aircraft operating range.

The Orxdpance Menu (ORDMENU) Pile was modified to include a
new weapon, AGMO5-A (Maverick) air to ground missile for
RPV vehicie. ' '

Pigure 13 shows the various target types included in the

current JMER table, PFigure 14 shows the various ordnance

{weapon) types included in the current JRKEH table. The

ordnance type code is used in'the description of the JMBEM
table,
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MISSION PLANNING SYSTEM
TARGET LIST

|

TARGET CODE TARGET TYPE

P s m——e

1 _ ARBA BARRACKS 280x170M {FIRE OR 50%)

2 1  AREBA MIG-19 11X366M OPEN (KILL)

k] «  AREA MIG-19 91X1220M REVETTED (PTO)
4 .  AREA PERS 300X300M STAND (12HR SUP)
5 ! AREA STACKED AMMO 72X106M (KILL)
6 t  FORWARD AIRSTRIP (KILL)
7 i  AREA 55 GAL POL DRUMS 76X76M (KILL)
8 : CONCRETE DAM 3M THICK (KILL)
9 . CONCRETE RUNWAY 10 THICEK (PTO)

10 © CONVOY 2.STN TRKS 6XSO0M (8HR TRP)
11 {  TUNNEL STEEL OR CONCRETE

12 * QONVOY 7TN TRKS 6XS00M (1.SHR TRP)
13 ' BARTHEN DAM 6X30M ¢KILL)

14 i MASONRY ARCH BRIDGE (DROP ONE SPAN)
15 ¢  MASONRY BLDG 12X12M (PIRE OR 50%)
16 ! . ONE LARGE HANGER (KILL)

17 . ONB POL TANK CM DIAM X 7M HIGH (KILL)
18 ! ONB SMALL HANGER (KILL)

19 i RAIL, SINGLE TRACK {CUT ONE RAIL)

p) 5 SIMPLE GIRDER DRIDGE (DROP 1 SPAN)
1 i TRUSS BRIDGE (DROP ONE SPAN)

- 22 ! ARBA PERS 30X300M FOXHOLE (30S DEF)
23 AREA PERS 30X300M PRONE (S MIN ASLT)
24 LOCOMOTIVE STEAM/DIESEL (XILL)

25 MARSHALING YARD

26 1 ONB BUNKER (RREACH WALL OR CEILING)
27 i ONE MIG-19 OPEN (KILL)

28 ,| ONE PILIBOX (BREACH WALL OR CBIL)
29 i HYDOELECTRIC PLANT.

30 | ONE RADAR VAN AND ANTENNA (FIREPWR)
a . ONB T-54 MEDIUM TANN (KILL)

32 TRAHSFORMER STATION

n ’ ONE 25U 57MM AAA GUN (KILL)

3 , VEHICLE MAIN, DEPOT

38 { ONE 140MM RKT AND LCHR (FIREPOWER)

36 ' ONB 182uM PLD GUN HOW (PRIREPOWER)
- RIVER LOCKS/GATES

PATROL BOAT KOMAR (SINK)

SA-2 MISSILE SITE (FIREPOWER)
$5-3 SHYSTER MSL VERT (FIRCPOWER)

17
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ORDNANCE

TYPE CODE ORDNANCE NAME
1 AGM-~12C Frag Missile (Bullpup B)
2 AGM~12E Cluster Missile (Bullpup B)
3 BLU-1C/B Fire Bomb '
4 BLU-27/B Rire Bomb (Finned)
S BLU-27/B Rire Bomb (Unfinned)
6 BLU-31/B Penetration Bomb
7 CBU-1A/A AP Cluster
8 CBU-2C/A AP Cluster
9 CBU-7/A AP Frag Cluster
10 CUB~24A/B AP/AK Cluster
11 CBU-248/8 AP/AM Cluster
12 - CBU-29A/B AP/AM Cluster
13 : CBU.29B/B AP/AM Cluster
14 : CBU-33/A AVLN Cluster
15 CBUL38/A Frag Cluster
16 CBU-42/A APLH Cluster
17 CBU~406/A AP Ffrag Cluster
18 CBU.-49B/B Prag Cluster
19 LAU-3/A FPAR Pod Launcher
20 . LAU=59/A FFAR Pod Launcher
21 M36B2 Incendiary Cluster
22 © AGM-635A AW Missile (Maverick)
a3 MI17A1 (M131A1) GP Bombd
24 _ HI17R (RAU-91A/8) GP Bomb Retarded
25 Mii8 Denolition Bomb
26 ME2O Mod 2 Rockeye IXI Bomb
27 MKS1 Mod | LDGP Bombd
28 MX82 Mod 1 LDGP Bomd )
29 NKS§2 SB1 (MK1ISHODQ) Snake Dye LDGP Retarded
30 ME3 Mod 4 LDE¥ Bomb
FIGURE 14




el

ORDNANCE
TYPE CODE

31
32
33
34
3

ORDNANCE NAME

MK84 Mod 2 LDGP Bomb

SUU~16/A 20 MM Gun Pod
SUU-23/A 20 M3 Gun Pod

MK82SE (MK15 MOD3) RET GP Domb
ML17A1 (MAU-103A/B) LDGP Bomb

PIGURE 14 (Continued)
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Figures 15-1, 15-2, 15-3 show the current JMEM tables.

Columng 1 and 2 indicate target types. Columns 3, 4, 5, and 6
represent the four major aircraft types currently incorporated
in the Mission Planncr System {F-4D, F-105D, F=1l1A, A-7D)..
There are three subcolumns per aircraft indicating 3 choices of
‘the combination of ordnance type (TY!), wsapon amount (AMT),
one pass probability of desi.ed effect (PD), and the dive angle
for weapon delivery (DIVE).

For the RPV Mission Planner Systems (RPVMPS), the F-~105D was

replaced by the RPVOOl. Column 4 of Pigures 15-1, 15-2, 15-3
were replaced with the corresponding columns of Figures 15-4,
15-5 and 15-6.

It should be noted that JMEM tables are usually constructed
after extensive flight testing. This JMEM table for RPVOOL
has been approximated from the PF-105D JMEM table,

The following cons: lerations were made for the RPVOOl JMEM
table.

1. Maximum weapon load would be approximately 2000 1lbs.

2. Max:asum of three stations where weapons can be carried,

3. AGM65A (Maverirk) missile would be used where appropriate.

4, Pire bomb, incendiary bomb would be replaced with the high
explosive or fragmentary bomb,

5. Weapon delivery tactic would be changed to reflect RPV
véhicle advantages.

6, One pass probability of desired effect (PD) would be
changed to reflect the adv. ~tage or disadvantage of aRPV
aircraft,

b. The Rormation Analysis Table (PBAT) PFile was nodified to ire-
place the E~105D entry with the RPVl1 entry. Updated formations
are listed below:
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TARGET
CODE : TARGET TYPE

1  Area Barracks 280 x 170M
(Fire or 50T)

2 Area MIG-19 11 x 366M Open (Kill) | 2| 29| 42| &

|l e s

3  Area MIG-19 01 x 1220M Revetted 23] 2] 28| 4|3 2
(PT0) 05| as | o8| 45| 03[ 45 ]

4 Ares Pers 300 x 300M Stand 1m] 213 219} 4

(12 hr Sup) T | [ ST 2 4

s Area Stacked Ammo 2| 2| 28| 4] 2
72 x 106M (Kil1) wmla T Tl ws Tl w7

6 Forward Airstrip (Kill) @] 21 2| 4/3] 2

-.n—--_-qr-—--—-irs-—-tp-—--

7 Area 53 Gal POL Drums
76 x 76 (Kill)

8 Conccete Dam 3M Thick | sl 23] 2] 4
9 Concrets Rumway }F_ 6| 2| 23[.2]8] 4
‘ 10 inches thick (PI0) B 55| 7asT 55T 35 [ a5
10 Coavoy 2.3 Tons Trucks . 2_ . 2__ _1”2“__3_ _33'_# _zw
8 x 00 M (% ar trp) " o32] a5 | 29| as| 12| 45
11 Tunnel 3teel of Concrete _ 311 3 _2_ _-..28 4 » 30 2
" oS Tl eST o as™
12 Cosvey 7 Tons Trucks il 21 2] 2128 4
6 x73008 (1.3 he tep) MR AR
15 T TRarthes Dan o x 3M 0 N TN AR N
R . ‘tfﬁ” o . BTl T e a5 | e
$1 . [ Nasonsy Arch Bridge . ....23-*-44«3» Uiu:_ _: ff_ —
E 2] &5 | 02 45] 06| 30

(Drop Gae Span)  Figure 154 |

A2k




Geil) Figure 155

A~23

TARGET APVOOT
CODEB TARGET TYPE vy prss gy pypg o mu
" #D |DivE[ b |DIVE| PD | DIVE
15 Masonry Bldg 12 x 12M __22 __‘_‘ _3L_ _!_ _g_oﬂ_ ._2.'_

, (Pire or 50%) 721 30| 30] as{.nf &

16 One Large Hangar (Kill) 24 21 4122 2
20| 45| 12| as | a0 30 )

17 One POL Tank 9M Diam » 7M 2% 2l 2 4| 30 2
High (Kill) BT o i hevh aity e

18 One Small Hangar (Kill) 30 2l 24 21 22 2
L—--—-—-ﬂ-—- — e asge .
84| 45] 30| 45| 75| 30

19 Rail. Single Track 1wl 2] 29| 42l 2
(Cut One Rail) '_.6'5" -'ZS-L-.;; 75“&8? ?6...

20 Simple Girder Bridge # | 21 2| a4l 4
: (Drop One Span) " or -;S«L = L-.so-. i

21 Truss Bridge 2% 21 2 4|2 4
(Drop One Span) n-—-m--;—g- ----|3 - ;;-—I?i -1--30--

22 Area Pers 30 x 300N 71 2] 0| 2120 | &
Foxhole (308 Def) T w T i

23 Area Pers 30 x 300M 9 4} 2] a3 ] 2
Prone (5 Min Aslt) TN -'-28-»-4;-- T

24 Locomotive Steam/Diesel 2 2] 24 2120 &
(Kiil) TB 0] 2| 0|6

25 Narshalling Yard - % | 21 2] 4131 2
| ~E | ST m| R T w

r One Bunker (Breach Wall or W 21 D] {301 2
| Celling) Enrrakrar

27 Tone MIG-19 Open (Kill) % 4| 2[30] 2

B5 ] 45| 48| 45 (.18 | 45

28 One Pillbox (Breach Wall or U] 2] 4]30] 2
| =TS T &% e




TARGET

) RPVOO1
CODE TARGET TYPR _
o TYP | AMT| TYP | AMT | TYP| AMT
PD_|DIVE| PD | DIVE| PD | DIVE |
29 Hydroelectric Plant 2| 4 24__ 2| 9| 4
121 30 ] .08] .os| 04| 4s
30 One Radar Van and Antenna L?.4 _2 29 4] 28 4 |
(Pirepwr) | 801 451 70 as5| 40| 45
31 One T-54 Medium Tank iﬁ ______4___21 Al
‘ (ki11) 53] 45 | 05| 45| 03| 45
32 Transformer Station 2] 2 r-24 21 ¥
75 30 | 28] 45| .15| 45
33 One ZSU 57MM AAA Gun 26| 4| 24| 2/29| 4
(xi11) Sa1 a5 o9 45| 05| 45
34 Vehicle Maintenance 2 4 2 2|2 4 i
Depot 18 [ 30 | .17 457 .10( 45
35 One 140 MM Rkt and Lchr Lzﬁ 4| 24 21 29 4
(Firepower) 55T 45T a5 a5 10 a5
30 One 152 MM Fid Gun How % | 4| 241 2130 2
| (Firepower) S| B Bl el s
a7 River Lock/Gates 24 21 4129 4
| i R T I IR TR T
- 38 T Patrol Bost Komer (Sink) 24 2 2 2126 4
. 65145 | 85 30|75 45
39 Y SA=2 Missile Site 29| 4| 24 2 »-30 2
| (Pirepower) AR IR AFARSE
—40 S5~3 Shyster Missile #| 2 29| al19] 4
Vert (Pirepower) kAR AraRs
Figure 15-6




B.

FORMATION AIRCRAFT ASSIGNMENT # OF ECN

. CODE TYPE -PODS
01 F-4D STRK !
02 RPV001 - 'STRK 1
03 F~4D STRK 2
04 RPV001 STRK 2
0s F=-4D RECE 1
06 "RPV0OL1, A-4D RECE 2
07 EB66B §8J 1
08 BB66C s8&J 1
09 F-4D STRK 1
10 B-111A STRK 2
11 A-TA STRK 2

7. The Aircraft Radar Cross Section Table (CST) Pile was modified

8.

to replace the F-105D entry with the RPV1 entry, also the
effective cross sections associated with all azimuth, ele-
vation, were reduced to one half of that of F-105D,

The Aircraft Characteristics Table (ACT) File was modified
to replace the F-105D entry with the RPVL,

Computer Program changes are listed as follows:

1.

2.

In the Force allocation subroutine (SRORD) changes were made
to replace the F-105D entry with the RPVOOL.

The changes were made to SRORD to by-pass configuration check,
when this new ordnance AGM=-65A (Maverick) was selected by the
mission planner.

In the Route Safety Analysis Subroutine (SSRTST) changes were
made to calculate threat score within the envelop of the
maximum altitude and minimum altitude of the threat to
reflect the RPV advantages of terrain foliowing.
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C.  Aipré-plunining run on was made on the RPV Mission Plitiner
‘System (RPVMPS) to select the candidate Target Mission (607G),
Command/Control Relay Orbit Mission (602B), and BCN Support
Otbit Mission (606F). These missions were preplanned to establisgh
& general route profile for the subsequence RPV mission plaanner
systén run. These routes can be modified to satisfy the
-ilnion'objectivel. ?igute 16<1 1lists the preplanned route
profile for the F«4D command/control orbit mission (602B) from
T6U. Pigure 16~2 lists the preplanned route profile for RPV
2CH support orbit misaion (608F) fron OSN, Pigure 16-3 lists the
preplanned route profile for RPV target mission (607G) form OSN,

Figure 17 shows the graphical summary of all preplanned missions.
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- 6020 CﬂHHANDfCONTROL URBI RPObSk 39.52N 12¢¢QQE

LOCATION = MODE  ALT  MACH THST WDG OISY
JLe 35.53N/128040E 116 0480 . 328 4T.4
2e 36.33N/128B.09E 20000 0.60 285 180.2
© 3Te19N/124.31E 20000 0.80 343 53.1
e _38. 10"/12‘0. 1£E ) 20000 0080 . 270 29 00
5. 38.10N/123.35€ 20000 0.81 164 .55,1
6. 37.1TN/L23.54E 20000 0.81 L. -89 . 129.4
Te 3T01N/124431E 20000 0.81 = 344 . 55.1
B8 36.10N/)24.12E 20000 ©.81 270 29.0
9 38410N/123.35E . 20000 0«81 = le4 . 55.)
10 37.11N/123.54E 20000 0.61 . 89 9.4
1ls 37.17N/124.31E _20000 0.8) 11} 217l

12. 35.53N/128.406 116 0.00

Pigure 16-1
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figure 16«3
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THE RPV PLANNING DEMONSTRATION SCENARIO

The MPS Breadboard system has the capability for printing out

any alphanugeric'display on the 2260. What follows is a number
of the pertinent alphanumeric displays seen during the RPV
planning demonstration. Unfortunately, the graphic displays on
the 2250 cannot be easily renroduced. Therefoure, only certain
graphic displays are represented in what follows. These graphic
displays are ind;cative of what was seen during the demonstration

1n order to demonstrate the MPS breadboard capability for planning
RPY missions; the following scenario was developed and demonstrated
to the Air Porce. Three missions are shown on the map of Korea,
These represent typical missions that need to be planned in con-

Junction with an RvV operation.

Mission 6U7G restescnté a strike interxdiction mission to be
purformed by the RPV. Riasion 606F represents an BCH support
mission using an RPV in the stand-off jamming role, Mission
0028 represents an F-4D utilized as a communication celay
aitcraft. '

The Wizsion Plonning Systea Breadboasd was descri «d in detail
An Section 4.1 usiag the scenario t chnig.e. What follows will
show the various displays described in 3.1 applied to RPV '

missions,
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MEN NO TarOET TGY NO LOCATION RESUARCES RELUTREMINTS

601 ORANGE HWY LRIDGE XZ10CU 59 elhiN=12L.,37¢ DAYE
TH0Zh COMMAND/ZLONTRU. ORED RFO854 39 .92N 126.04F 12 DEC 71
I UG BAT AJRFIELU WX041L 5b.5aN-125.14E STRIKL TIMt
At ChATO Wl WAU/ZSUB &AS RPZOBU 4G.ION 128,.32E 08002~1000¢

GUEE  DhUkN FaRSHALLING YD TADL4% 41 1ah=128,49E
606F  ECH SUPPORT OREIT RPOLBY 39 .12M 126.50¢
6076 LHINMAM AD SECT hi  KPOOS) 3%.0UN 125.52%
~606R T SINGTON MSL SPT FAL RPZE3B sye1BN 127.24%
6091  FERUIN DAM 141024 5% . YIN-128,42¢
610J  RAFFLES Pul STURALL  LELGVS 23.39N=1c5.07E
$6LIC Y SELECY TOT ENTER MSN NOo Sh1ET/ZENTER,

The first thing thkat the planner investigatea is the target xht.,"thia
shows the planpner which missions need to b('.; planned for the follawing

day. In the breadboard systéem this targget 1list is liwited to io t:n'uta. |
However, new targets may be insested into the dats base using offwline dat'u'_
base update peograms. In the target 1ist shown the three v(}!vjiui.wi we

‘dncludad,

At this poiot, the planner cen exercise various opticus. “&;“m select
each Target oae at & time. He will get a target description and a

r"‘“w“ to a target folder. He ¢an study each target 4o as mucd datall
Vu posaible. He may réview pre-planned sund bistorical coute data and say

poctinest command guidance.

In our eccuario, we will eelect misaicn 8073 fo¢ planning. This is the

Y q'tr:ih uission.
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" TARSET TYPE FOR MISSION ND. 6076 - < - e C e e
T5T wile=  RPCOYL

*IE;-I . CHIKNAM AD SECT HQ T -
YEES= 1 CONCRETE TULNSL/LUNKER AL TYPES~ -
’ & RADAR EQPT ANTENNA - YPES ; :73801
i 3 F-1114
—— 4 A-70

v — -

- amer s 4y v—— e

TARGEY TYPE:1 AND A/C YYPE:zP
N, T OF A(Co# ur GESInEL Cuu?IDFhCE’

o — . s

MSN REWI_ 4/ RESUUKLESS_ URD INVENS_.

After the pianner bas revicwed the target déicr!.pﬂ'en. the to#‘ge't
foider, and any pertinent command ;ni.d&n‘ce. the following display is
pressnted to the planner. At this tise, the piaaner q:i.li ssyign ~s$;cu£t

and ordnance to each target type associsted with ihe missimn.

‘This misaion has two targot types - s goncrete tunnel/bunker snd & zadax

mt_onm. The planner selects tﬁc target type and the type of alraraft

_denred and either the pumber of aircraft or a desiped mt‘iagma lavel,

ta this case, the planter has selected the first target, RPV's, and four'
wmc:lu.

At tm polut, the cmuear getriaves the JUBN table for this type of tacget.

‘fa cthe ”8 hﬁm«rd, ve ituie tm datu bass to the tbtu best entrics.

This davs Lo nmncud feon the 3N tables and 1oaded iuto the data desse

by acsod of so m"&mg progean,
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C~—3MEN TSBLE e e e e m e e
Y6V TyPk~ TUNNEL STERL UR CUNCKETE

M1X74/ ) 025 RP¥OO1 & 45 3000 600 oG4 .15
W HK-82 LDCP 025 RPVOOL 4 45 3000 600 .05 .19
$2 Ax-63 LDCP 025 RPVOOL 4 45 3000 600 U4 .15

TUENTER UKONANCESD UR GRUNANCE KENUS_
__ V6T TYPEI_ MSN REUI_ A/o RESOURCES:. GRD INVENS_

This display shows the planner the three best types of ordnance for the

- selected carrier and target. In our acemsrio, we selected four RPV's.

The computer has tuken the singie pass probadbility of destruction and

- computed the total probability of auccess for esch type of ordnance, If

. ';is hsd specified a e«ircd ccnfl&eace. the computes would' have tszken the

. ..liusle pras prububi.\tty of dutruﬁ%ioa nud couputed the n.mber of nv'

‘ js!.nce tctuu Ji(lll dwta was not availadle for thia thdy. the numbers heu

uqui ged,

uﬁuua& b;nt oothnu baud upoa nﬂou namﬂons. Oae uﬂuuotiou

m tht the uv ewld aot cerry more than 2000 ids. of urduncn. The

uét -of SN dat;"é#u not tepresent s un&uuon on the mission planning
syaten. Tu.a tactical plansing situstion, Jlllu dcu uill be aniuhh

... uﬂntn wu be Ma.

"Z‘I ﬁl present oct_mi.o. the planaer selects the firss type of ordnsuce for

the fizer tarcget. Ki will thea go back, select bis savond target for the

alonion, sed mi_,gu siscraft snd ordmmnce for the second uici_n.

The _ih:nr s the option of discegarding the recoamsnded opdeauce sad

'mmmr sky ocdasace -lu his inventory that is cectifiad for the
sbiccalt. Displaye are provided to show si) ordnaace svailable.
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Oace the planner has selected the number and type of vehicles and the
type of ordnsnce, he may wish to select the sirbase to support the
aission, The next display shows the various airbsses and the type and
number of vehicles available. This atatus gepresents the situation

at the start of the planning cycle. The "goodneas” of the data is a

" function of the reporting mechaniss available and will vepreseat the

best eatimates available to the planner.

In our present sceuario the planner reviews the airbass resources and

. selects OSK since it hae the desired APV'a based there. At this time

‘there sre S4 RPV's svailadle. Oace he has made his assignment, that

auaber will be decremsnted by the anount psevlouuy sssigned in target

) uucunm In this saoner thé oyctc- wul per!au the bookkoep!.ac task

sod will oot nlou tho pxmcr te wu-cwit hs forcu.

At this peint the piinner bis vacious options aveiladle. He might elest

to canign c’tu_-dumA to “the uhic{n that ke has deaiguated. The system

will pressat the viarious uu-:naicui slt._acncd to the selected airbase,

Reon these, the plauner can nnA:n-cuon. The system will keép track

of ths sssigned call-signs and prevent duplicite assignment.
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© RQUTE PROFILE PLANNING MODE " ALT  MACH THST © "RODE '-'&LTA MACH THST
i 1. CLMH 35 0,02 RiL 1l. LRS 20000 0.01

“MSN W0.-6076 ' 2. CLMB 3000 0.82 12. DCND 20000 0.itl
77 NOo~ki0e91 3. (RS 20000 CeEO 13, DCND 100GU 0.81
-4 ~CHINNAH AD SECT HQ 4. DCND 20000 .81 14. DCND 35 0.00
LOC  =37.00N 125.5¢k €. OCND 2000 0.31
“FROM ~~GSAN 6. CkS 1000 0.80
PREPLAN~Z1AUGT2 _ 7. LLHE 1000 0.61 o
ST -RPVOO1  TTTTTTTU T @, DOND 2000 0.81 -
9. CLiE 1000 0.81
" FRESPLANNED ROUTE ~ "~ 10. CLM3 3000 0,80 °

¥ SHIFT/LATER TO EXIT *+ AGR LITE PEN DESIRED RESTRICTED' AREA)

- a——h e . . - . . . PO . e e

In our present scenario, the planner calls up s pre~clenned route for his

preseat mission. It is not necessary to have a pre-planned missicn. 1In

fact this route was planaed from sceatch prior to ‘he breadboard demonstration,
It is thouglg that in an operatiocnsl system, the »lack hours could be used for

9 in«depth plaaning.

In this case, if the planner were Mappy with the route, he could gccept it
a3 is and proceed to the next misaion. Po: cﬁc purpose of our scenario,
- ws will investigate the route further to demonstrate all the capabdilities
of the NP5 breadboard.

Again the plannsr has verious optioss, Ha might ifanvestigate the BOB to
eee how it lateracts with thc misadon. The planner has the capability
to look at the verious threatc ty judividusl type and gud-class. If

RSP

be 00 desires, he ni.pt vish to -qc_h\!y his roule bLised on hia sasessment
0‘ the X0B.
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Ritg1e HAFLTY ANALYSIS

D_SCORE & SCURE L SCORE LM SCORE LA SCORE TOTAL SCOKE /
Ph ‘l.’f‘AK ¥ RIUT L

o CUTEES TTTTITTTER T UTTTYSET TTTTRILT T 681 T T leol
1 ¥oRsY LeEG NUBE ) S 10_ i

Ef S T TS 630 631
SUPPURT KEwUTKEMENTS s2 "~ TERRAIN MASKINGEZ ™ =~ T
-él For the purpose of assessing his route, the planner may invoke Route

lzﬁ Safety Analvsis., This Analysis is based on a weighted exposure time to
éf various threats in the HOB.

. ?j The score is composed of a detection score, an acquisition gcore, and

,%5 lethatity score.

The detection score represents a weighting of the

{; sacunt of time the mission is within the detection range of the EW and GCI
--ih Fadar. The acquisition score represents a weighting of the time the mission
i is within range of the missile and fire camtrol radars.

The lethality
'Ef 8core repreaents s weighting of the time the aission is within range of

&
i

B
=J
R
¢
B

H
K
&

the misailes and AMA,

18 out present scenario the score for the preplanned route is 1601,
This scove is neither good nor dbad., The score is only relative, It

oaly has mesning when compared against scores for other rcutes,
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“AUTUMATIC ROUTE SELECTION
TARGET:  CAINNAM A0 SECT Hu 77 7 TLOCATIOND 7 "7 39.,00N 1254528 ~ ~

INCRESS PAKAMETERS; HADIUS EULUNDRY:300 PRORIBITED POINTS? YESX

ALTsCI0UU  VEL3D.E0° 7T T SELECTED POINTSe DONES_
IP‘ YES‘— e shem  mmr mmpas ———- g - . ——— g m v - ..t b b & v e e @ Aaha . Gsdate s S mr e et ——— — . W tn = -
SELECYED 7T N/ =t
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AL TSOH0LG ~ VELRUGRO

o nm———n s e e Sh e e b oo — b wa - . [ R fa e+ e e g————
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In the next step of our acenarin the planner will us2 automatic Route
Selection to obtain "best" ingress and egreas routes to the target.

Io the display the planner has indicated an ingress and egress altitude of
1000 fi. and & mach of 0.80. He has asked for the analysis to be performed
in a circle of radius 40 N.M. and has asked for prohibited points on the

ciccle.

After entering the prohibited regions on the circlc, the computer
deteranines the three safest ingress and egress routes to the target

within the 40 N.M. circle,

e e WS ML eem e e miwe e seee
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ROUTE SAF&TY ENALYSIS

=T B 3CHURE TR USCORE U TSCORE TUNTSCURE LA CSCORETT YOTAL™ SCORE
PRIMARY RUUTE

_ TES™ &3 L3-Y] 21T Ay -3 : 3 S 11/
vORST LEG NODE 9 TO- L0
. L e e g e T 830 3T T
~ ALTEUNATE ROUTE - - - T A s e e
476 63 38 36 0 619 -
TTRORST E"G'NODE*‘&TD 5
34 34 0 43
" BUPPURT uE(.-umEﬂEHS: ’“‘tekhm*ms«m@s T - T

 rmma v i mAbe 68 R B Va4 e e # TEAATT S WS At © 8 e S e msatap—t v S5 g 8+ LAkt Bt e © A ¥ O Bos Sw  —e w e

After ARS ia completed, the planuer may wodify his route to utilize the

results of ARS. Oace the route has been modified, the planner may return

to Route Safety Analyais to score the new route.

in tie present tconario the score has bHeen zeduced from 1001 to 679,

This indicates that the new route has less exposure to threate than the

ptevious yute. Uniess the planner knows of other tactical considerationa

fe will accept thne new route. ‘The planner might toy aome aliernate routes

plasoing thes manually. Ke will ultdmately accept that route that seems

Best to him, baséd on the ananlyeis tools in the mission planning systea.
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1805 CULRDINATIUN/ASSICPMENT

T/G FulTSUSANT ™ T 0T
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As the £ina) step in the interdiction planning of the present missim,

the plsnner askea the TACS aasaiguments.

TACS units are displayed on the grapbics.

The locations of the various

The planner can zssign the

total route to nne TACS unit or aseign various voute segments to varicus

TACS unita,
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At thie point {n the 3cenario, we go Ysck to the target list and plan »
acw aission, At this tise, the plinnersciects migsion 6028, This

mission will de for a celay aircraft. The sethod of planaing the

siasion is similar to that adown for the ficst miasiocs.

At thie coaclusion of pianning 602H, the vext step io the scemaxvio ia to
g5 to ECH pleoning. At this time, the plovner will perfora S0J (atand-
of ¥ jawmitg) anslyeis. This is i# prepsration ifor plaaniog an RPV SQJ

aission.
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TTTTTRGT LT LR T O TCRTTTYTP T OND T I ¢ Tu 7
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The firat display uhown in S0J apalyais is the SOJ summary. This shows

all of the EW by class. The scores represent the total exposure of the
£fidght path to each type of radar. It is possible to limit the anslysia to
apecific types of radars ou spacific nete. In cur scenario, we will limit
the anslysis to the BW net agsocisted with the missile radavs. 3y jamming

thoae radscs, the effectiveness of the misailes will be greatly decreased.

At thie point, the plenner has sevéral options. He may assign orbits
moually saywhere tiat be wishes, and the syatem will evaluate their
effect. 1t im quite possible that tactics will dictate specific orbit

locations and Jemming configurations,
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In our scenario, the planner will use the Automatic Orbit Selectian (AOS)
option. This allows the plaunner to select five trial orbits snd to

evaluate any or all of his jamming pre-sets in cach orbit position,

In the breadboard system, there are provissons for twelve differcnt
Jamuing pre-sets. By using the data base input program, aany jamaing
configuration may be put into the data base, These Jamaing configurations

will reflect the jamming equipment availadle,

The cesults of the AQS amalyris is a tabdle ahowing the score for each
Jansing pre-aet in each trial orbit, The score represcats an improvement

factor. So the lacger the score the better.

Jo our scenario orbit A with a C4 Jessming configucation, represents the
best isprovement. By using an RPV, it ia posailile to place the jasmiag
vebicle close to the target. Tactice would make this impossible for a

sanped sircealt.

At this point (he planaor say assign pecmanent ordits snd lamaiag

coafiguration from tbe AGS tadle.
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After thc plapner makes an orbit asaignment, hz again has the SOJ summary
displayed. This displsy shows the wet and dry scores for each radar type

under consideration. On the graphics, the planner will sce the penetzation

. : : contour.
2
The plunner uses an iterstive process to obtain the best tactical SOU
' j ' cesignment. It 1s possible to add and delete orbits untii the plapper is
| l sstisfied with the plan.
2t i aow possidle for the plamner to 4o moce detalled BUM anslysis. By
) uedng M ICM effuctiveness option, he can obtain detailed burathrough
cont ours sad tineczange Mlstorier for specific radars. In particular
; e idght uish to look at the effects of the staundoff Jamxing againat
§ spseifie redase.
-
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ECM EFFECTIVi.NESS
T O UTTITUTGHT T PEN TAREAT T 2) CICRTTEEN STRIKE ROUTE ANALYSIS POINI(S)
EFeECTIVINGSS OPTILNSS o
LY TIMETRARGE HISTORY (o PUINISY e

2) eARLY LATE ANALYSIS (3 PGLINIS)
TIY bURNTHRUUGH CunTGLR (2 PUINTS) ,
4) FURMATION ANALYSIS (1 POINT ) L

TTTEYYAME RanGE THISTURY LR bURNTRnOUEH Cumnuk‘ T T T

TTTTTTERRA INTMASKING TUATOUR T (2TFOINTSY
8) MASEING bURNTbPuUbh LUBRPOSITE (2 POINTS)
CFFECTIVERESST6 ~TBRNTZ " FUKMATIUNIOZ™

In our scemsrio, we shuw two supaerimposed burathrough contours. These
contours show the effect of the reduced cross-section of the név.

Because of its smaller cross-section, the burnthrough contour is smaller.
This means that the RPV bas less chance of béing detected especially

when jamning 1e& present.

The uu-é informatioa as shown in the burathrough contouz can de dinpl;yed
48 a timeerange history. fThe timeerange history ;howa the range of the V
vehiclie to the thraat as a function of time, 1t aleo shows the burn.
through range as a function of time. When the buruthrough range is
g:c‘tct than the sircraft range, the tadsr c¢an detect the vehicle in

spite of the jamming.

The plsuner can use bis EGH tools to coms up with the best ECH plan.
When he is satiafied with the plen, he way retura to interdicrion

plasnicg to assign vebicles for the UM support mission.
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The next otep in our scenasio is to plan the BCM orbit mission 606F.
The details of this planning sre the same as outlined before. In this

cate, we w1l use EPV's carrying BUM equipment to orbit inm the target ares,
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As s fioal planning step, the planner my use tine-uequenc§ review (TSR)
to look at what he has planned., In TSR the planuer selects a time period
for consideration, The system looks for all missions planned for the
particulsr time period. Then a series of time slices are presented to

* the planaer showing the time relaticraaip >  he various miscions.

By usdag TSR, the planner can ook for confiicts and cmiasions in

Bis plan. 1If thece are airspace conflicts, the system will automatically

alatp the plapnsg, and he can take appeopeiate action,
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APPENDIX B

A USER-ORIENTED AID FOR
SYSTEM LOAD ANALYSIS

Data Systems Division
Litton Systems. inc.
000 Woodley Avenue
Van Nuys, California 91409
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THE PROBLEM

In the course of executing its business, Data Systems Division of Litton Systems, Inc. is
often required to propose data processing systems to function in support of operations within a
command and coutrol center. The method of operation, the degree of aytomation, and/or the
pasticular allocation of tasks to man or machine for the reconfigured center are frequently to be
developed and presented as supporting documentation for the particular system proposed. A
commonly encountered method of indicating the performance the system must meet is to list the
centier missions, and specify a rate and maximum response time under load, which may not be
excecded, for each major function of each mission. Within this context, the following analysis
problem can be isolated.

Given the mission(s) of a command and control center, perform an analysis to identify
appropriate work allocations and operating procedures and to develop estimates of expected:

¢ system response times,
e  data processing loads, and
e operator loads.

THE SOLUTION

The analysis of large man-machine systems usually involves people of many disciplines and a
large antount of information. Major problems often arise in the integration of information
provided by members of different disciplines, the digestion of the extremely large quantity of data,
and the documentation of the analysis process itself as it pertains to tracing the flow from 3
mission :-quirement to a specific set of system capabilities. The solution is a computer-aided
analysis wiich usss the power of a computer to store and integrate information provided by
analysts to produce the desired rosudts.

The analysis procedwie presented in this paper centers around the use of such a computer
“maoddel. The mods! issell is used as a device for integrating the large amount of data asseirblad to
produce esiimates of response times, processor loads, and operator loads. lts presence has a
strong impact on the whole analysis process. Data requirements of the model serve as guides to
the spocific information which must be produced by analysts.

Analysis processes, howaver. are not “bent” to comply with computer requirements. Quite
the contrary, the modei was Jesigned with inputs in {orms which ave familiar to the particular
activities of the analysts who are responsidlo foi their production. Consistent with this policy,
cach stop of the analysis process 15 aimcd at producing one or more items of data for mode)
exccution. Each oxocutian of the model produces a hist of model inputs which serves as a document
to describe thie carticular copfiguration and its assocated peformance.
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THE FROBLEM

In the course of executing its business, Data Systers Division of Litton Systems, Inc. is
often required to propose data processing systems to function in support of operations within a
command and control center. The method of operation, the degree of aytomation, and/or the
particular all-cation of tasks to man or machine for the reconfigured center are frequently to be
developed and presented as supporting documentation for the particular system proposed. A
commonly encountered method of indicating the performance the system must meet is to list the
center missions, and specify a rate and maximum response time under lecad, which may not be
exceeded, for each major function of each mission. Within this context, the following analysis
problem can be isolated.

Given the mission(s) of a command and control center, perform an analysis to identify
appropriate work allocations and operating procedures and to develop estimates of expecied:

o  system response times,
e data processing loads, and
e operator loads.

THE SOLUTION

The analysis of large man-machine systems usually involves people of many disciplines and a
large amount of information. Major problems often arise in the integration of information
provided by members of different disciplines, the digestion of the extremely large quantity of data,
and the documentation of the analysis process itseif as it pertains to tracing the flow from a
mission requirement to a specific set of system capabilities, The solution is a computer-aided
analysis which uses the power of a computer to store and integrate information provided by
analysts to produce the desired results.

The= analysis procedure presented in this paper centers around the use of such a computer
model. The model itself is used as a device for integrating the large amount of data assembled to
produce estimates of response times, processor loads, and operator ksads. Its presence has a
strong impact on the whole analysis process. Data requirements of the model serve as guides to
the specific information which must be produced by analysts.

Analysis processes, however, are not “bent” to comply with computer requirements. Quite
the ccntrary; the mode!l was designed with inputs in forms which are familiar to the particular
activities of the analysts who are responsible for their production. Consistent with this policy,
¢ach step of the analysis process is aimed at producing one or more items «<f data for model
exccution. Each execution of the model ¢ »duces a list of model inpuis which serves as a document
to describe the particular configuration and its associated performance.
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Figure 1 presents the analysis process in flow chart form. Although there is some horizontal
movement of data across the chart, in general there are three vertical flows corresponding to:

1. specifying the environment;

2. describing the nature and order of the processes necessary to accomplish the system
mission(s);

3. describing in detail the specific tasks performed in these processes, which forim the
system’s capability.

The Task Occurrence History File has been used for post execution analysis and as an
interface to a detailed processor model to specify the processor job stream. The detailed computer
model was described by Herman Fischer in his paper titled *Computer Simulation of an On-Line
Interactive System”. This paper was delivered at the Winter Simulative Conference, held in
New York City on December 8 through 10, 1971, The paper and proceedings were published by
AC.4 and are available from them.

THE DETAILS

The starting point of the analysis is the set of mission requirements and any other require-
ments which have been imposed on the system. From this point, the three primary analyses
separate to join again in the model data set.

Functional flow diagrams are Geveloped for each function., Several levels of diagraims are
developed, with each successive level specifying the required functions at a more detailed level.
The lowest level must be of sufficient detail to identify tasks which can be allocated to system
TOS0UTCes.

In parallel with the production of the Function Flow Diagrams, a system concept is developed.
The concept indicates at the top level the kinds of capabilities the system will have and the degree
of automation to be provided. It will reflect any guidance given by the user with respect to
features desired in the system.

Using the system concept as a guide, the Function Flow Diagrams are analyzed and the specific
task capabilities which the system must have are identified. This includes any action an operator
tray take at the consoles, the software necessary to present guidance and/or setection displays to
operators, the software to process operator requests, and the software necessacy to perform any
fully automatic functions. The identificd tasks are compiled into a Task Dictionary. The
Dictionary consists of one entry for each capability the system will have. Each ot these entries has
a userspecified name of up to 20 characters and nine parameters for use in further deseribing the
task. For example, if one of the tasks was “TYPE", one of the paramcters could L assigned the
number of time steps required to type one character. Then a specific occurrence of the TYPE task
would contain the number of characters to type specified in 3 corresponding variable. During
exccution the parameter and variabic would be combined to produce the time required to execute
the TYPE tusk.
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Information flow diagrams are generated from the lowest level functional flow diagrams,
with consideration given to the identified system tasks and their allocation to man or machine.
These diagrams are a prime input to the model data set.

The system environment is represented only to the extent that it causes the occurrence of
jobs to which the system must respond. F~r example, if the system must maintain a target list,
any part of the environment which could result in information entering the system for update of
the target list would be modeled as a message generator with a periodic or stochastic interarrival

rate.

Specific rules for message genexators are derived from the mission requirements and force
factors which vary with the operating force sizes specified. Different system loads can be generated
by varying the force sizs or the message rates.

The three main inputs to the model are:

1. aset of PROCESS SEQUENCE CHARTS,
2. asoct of PROCESS DESCRIPTIONS, and
3. aset of TASK DESCRIPTIONS.

A PROCESS SEQUENCE CHART (CHART) specifies the logical relationships of the PRO-
CESSes necessary to porform a function, with the specific details of thc PRGCESSes omitted.
CHARTSs are specified in terms of standard box types which are similar to those geaerally used by
operations analysts. Each box of a CHART is described by specifying: a number for reference; a
KEY WORD to indicate which of the standard box types it is; two parameters; and the number of
the next logical bex in the CHART, Table 1 lists the standard box types, their parameters, and
their normal use.

The PROCESS box is used to indicato the occurrence of a PROCESS. All other boxes have as
their function tho specification of the logical and temporal relationships of the PROCESSss within
2 CHART and/or the relationships between CHARTS.

Using the standard box types, it is possible to express almost any type of aperation which can
be depicied on 3 set of information flow diagrams. Any combination of serial operation, parallel
operation, substructuring, {coping, and or stochastic branching, for example, can be exprossed.

The TASK DICTIONARY (DICTIONARY) contains the set of operations which comprise all
actions and/or activisies which the system can perform. Each TASK is given a name of up to
20 characters and up to nine parameter values which apply to every occurrence of the TASK are
specified.

A PROCESS DESCRIPTION is a list of TASKs from the DICTIONARY which, when
perforred, would result in the completion of the PROCESS being described. A PROCESS
DESCRIPTION may contain any number of TASKs. Each DESCRIPTION is giver a nunber and
may be referred to from sy number of CHARTS.

B-§




STANDARD EOX TYPES

Table |

KEYWORD PARAMETER 1 PARAMETER 2 use
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Note that there arc both TASK parameters and TASK variables; TASK parameters sppesr in
the DICTIONARY and TASK varisbles appear in PROCESS DESCRIPTIONs. Variables specified
in a PROCESS DESCRIPTION apply to the specific occurrence of the task, while parameters
specified in the DICTIONARY apply to every occurrence of the task.

The expected content of a given parameter or variable is determined by the user. He estab-
lisies and is responsible for the maintenance of a convention which specifies the significanice of cach
perameter and variable of each TASK. Generally, DICTIONARY parameters are system oriented
and sre used for the specification of items like 1/O rates, typing rates, or the average number of
instructions executed for each occusrence of 2 program. PROCESS DESCRIPTION varisbles are
usually operationally oriented. They are used to specify items like the actual number of a file te
access, how many records to retrieve, or the number of lines in a report. Consider the “TYPE”
example given abovs, A reasonable convention would be to specify the number of characters to
type in variable 1 of the TYPE tasks in PROCESS DESCRIFTION. Then, specifying the number
of time steps required to type 1 chiaracter in parameter 1 of the TYPE task in the DICTIONARY
would result in the cosrsct time durations for TYPE tatks and they would have the form:

TYPE o, whess n is the nunber of characiers to type.
During model execution, when a function is “performed™, the program.

1. sofers to the appropriste PROCESS SEQUENCE CHART,
2. vetricves the vequired PROCESS DESCRIPTIONS,

3, cortbines the TASK pmmctm:ad vasisbis te mmputc the $inte necvsaary to mﬁm
- cach TASK and

4, .«mmh aﬁsxwoumatﬁ;@pmwm

B Tha mmw thng of aty {ask within a OHART is determined by e ocousTence time of the
CHARY, the logic of the CHART, and the exacution times of all TASKs which fagically precede
-t i the CHART. When stochastic branches e included in the CHART, ths occurrence time of 8

T PARK relutive to the accurrence tine of the CEART can vary. Indeed, some FROCESSes may not

sty ol af on any given sccurtenics of the CHART. When TEST boxes are used, the occurrence
¢ timesf s TASK o3a akm be a(fecmt by the pezfomzm: of other CRARTSs wikich are being
Lo mt@ in W ,

- ANEXAMPLE

The most efficint way to demonstrate the growth of detail and inforration present in eack
step of the analysis is £ present a simpie example. The exanipls presented is didactic in purposs
and is not #teaded to Ne complers or exhaustive. With this in mind, Figure 2 prosents a functional
flow disgriin depicting the updsiing of & tisget 1S from combat mission reports. No indication's
giver s to how the steps are to beaceomphﬂwd kow nuch wwkis wbodom o what sys:cm
miuuwc HY pufams the wosk.
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Figure 3 presents the same function expanded to include system concept and task allocation.
Several design and allocation decisions are apparent from the expanded diagram. First, a data pro-
cessor is part of the system. Second, storage of the tagget list and the combat reports have been
allocatad to the data processing subsystern. Third, an operator will be responsible for the review of
combat seports and the decision to update the target file. And fourth, the operator interacts with
the data processing system in real time.

Figure 4 is the function in abstract form. The iogice! relationship of the PROCESSes is
preserved but all details of the PROCESSes have been omitted. 1t is this form that a PROCESS
SEQUENCE CHART szpresents. Figures S and 6 present representations of the functions in
Chart Language. Figure S is a simple version in which it was assumed that 12 messages were to be
examined and there is a probability of 0.95 of a massage resulting in a data base change. Figure 6
is more general. li assumes that the number of messages will be passed to the CHART in register 3*
and that the probability of a message resulting in a data base change will be passed via regisier 4%.
Both CHARTS are to be invoked by some other CHART and will use rogister 1 to control looping.

. Figure 7 presents hypothetical expansions of the PROCESSes required for the example
function. Note eacii PROCESS has been given a number. The title is optional; however, each
PROCESS must have END as its last TASK. For our example, it was assumed that the
DICTIONARY contained the following entries:

TYPE with variable 1 specifying how many characters to type.
THINK with vaziable | specifying the lime duration of the period.
RETRICGVE KEY with variable | specifylng the file number and variable 2 specifying
' how many records. -
UPDATE KEY with varigble | spacifying the file number and variable 2 specifying
how many records.

As an example of the detall level attained using this approach, PROCESS 3 of the example
bias been expanded in flow chart forms. Ut is presanted in Figuse 8.

To date, the snaiysis process hat been used twice; once in embryonic form during 1970 and
in Hs current form in 1972,

s«ml conventions are currently in use for data preparation, snd a special version of the

statistics subcoutine was built to take advantage of these conventions. Before explaining thess
conventions, a work about TASK time computation is in onder.

SNagative parameter values indicate that values are to be obtained from the register specificd by
tha sbsolute vaue of the parametes.
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UPDATE TARGET LIST FROM COMBAT REPORTER
(CHART LANGUAGE — SPECIFIC)

10 CHART UPDATE TARGET FILE FROM MISSION REPORTS
QCUPRENCE  INVOKE
1 PROCESS 1 2 * BUILD WORK FILE
2 SET 1 12 3 SET UP LOQP
3 PROGESS 2 ] * GET & REVIEW REPORY
4 BRANCH 6 850 5 STOCHASTIC BRARICH
5 PROCESS 3 6 * UPDATE TARGET FILE
6 D BRANCH 1 3 7 Loge
7 TERMINATE END CHARY
8 END

@ DATA m\mu. 7 haa
Piguse. §
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UPDATE TARGET FILZ FRGM COMBAT REPORTS

(CHARY LANGSUAGE - GENERAL)

10 CHART UPDATE TARGET FILE FROM MISSION REPORTS

OCCURRENCE  iNVOKE

1 PROCESS i 2 BUILD WORK FILE
2 SET 1 -3 3
3 PROSESS 2 4 GET & REVIEW REPORT
4 BRANCH g -4 8 ' - |
5 PROCESS 3 6 UPDATE TARGET FILE
§ DBRANCH ¢ 3 7
7 TERMINATE - :
8 END
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The time required to perform a TASK is computed using both DICTIONARY parameters
and PROCESS DESCRIPTION variables. The time is computed using

8
t=4, *z AiFj
=l

where: A are DICTIONARY parameters, and
P; are PROCESS DESCRIPTION variables.

Note that if for a given TASK one of the TASK variables is zero, the corresponding
DICTIONARY parameter will not contribute to the time required to perform the TASK.

The convention established was to use two of the DICTIONARY parameters of each task to
store the number of kiloinstructions that would be executed in support of the TASK and the
number of input/output operations required. The corresponding TASK DESCRIPTION variables
were always zero; however, the parameters were tabulated by both TASK and CHART and periodi-
cally output. The result was an estimate of the processor power and input/output rates required to
support the system.

Extensive use has been made of the subchart capability. Figure 9 presents a structure used to
represent the planning operations of a large command and contro! center, Three CHARTS, 31, 61,
and 64, are started at approximately the same iime, All other CHARTS in the flow occur as the
result of CALLs and/or CAUSEs from these CHARTS or their direct descendants. TEST boxes were
used to kecp the processing synchronized at appropriate points. MARK TIME and WRITE TIME
boxes were used to tabulate the time required to perform various portions of the planning cycle.

The basic time increment used for the last exercise was 0.01 second. With this time step, an
execution representing 4.5 hours of system time required 180 CPU seconds and 30 1/O seconds on
an IBM 370/165 Computer.

The current capacity of the modsl is presented in Table 2. These capacities should not be
taken as a limitation, as the modei is in FORTRAN and they can easily be modified by recompiling
the model. The current version of the program requires 2551 bytes of core storage during the
exocution phase.

THE FUTURE

Although use of the analvsis process hias been highly successful, several areas were discovered
where some modifications are in order.

The model automatically produces a listing of the input deck and when comments are included,
this list becomes a document which provides traceability from function to system capability. The
CHART language, however, is not the best medium for presentation. If an automatic “flow charter”
were interfaced with the input processor, a much more readable report would be produced.

~
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SO v
e ”&?“iﬁ%m i)

CURRENT MOREL CAPACITIES

CHARTS ... 250
BOXES ........ovvvvivnnnnn. ....3000
PROCESSES.......ccvvvevvnnnnnn g99
DICTIONARY
v €ENTRIES .........ccvvvnnnnns 250
PARAMETERS PER ENTRY....... 9
TASKS ..o 2000
VARIABLES PER TASK.......... 8
REGISTERS PER CHART............ 5
COUNTERS .......covviiiiiiiinns 100
CLOCKS ..., 100
@M!Alv"lﬂt
Table 2
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. The TEST and associated boxes served the purpose they were intended to; however, they can
S be expanded to give the model more of a capability in the area of queueing and task stacking.

Finally, with the introduction of very powerful real time systems providing direct access to
computers, it appears desirable to change the model to an interactive program, Error checking and
diagnostic messages are already included. The modification would give the analyst a chance to
correct his errors at the console and enter the execution phase without any obvious errors.

} During the execution phase, “‘running diagnostics” could Le routed to the console aliowing the

| analyst the options of attempting a recovery, cancelling the function in trouble, or cancelling the

] execution. An interactive model would most likely reduce system analysis time and expand the

‘ number of alternatives to be considered for the center under study.
i
i
i
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