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Section 1

INTRODUCTION

The strategic mission has become much more complicated due to improvements
in enemy tactics, equipment, and communication. Advancements in air-to-air
and surface-to-air threats require enhanced threat detection and avoidance
capabilities for all airborne platforms. Relocatable targets (RT) of all classes are
increasing in number and mobility, impacting fuel, payload and mission
management requirements. The mobility of targets and threats paired with real-
time intelligence updates constantly redefines the strategic environment.

This changing environment forces aircrews to assess unplanned situations and
perform adaptive planning throughout the mission. The crew must monitor and
interpret incoming information from a variety of sources, monitor system and
mission status, determine vulnerability to threats, and replan the mission. It is
unlikely that the aircrew will be able to perform all of these functions in real-time
without the assistance of expert systems. Therefore, on-board adaptive mission
planning systems are becoming essential to the success of the mission. Mission
planning systems would be responsible for managing intelligence updates, target
status, threat activity, and mission timing and status.

OPERATIONAL REQUIREMENTS

The purpose of on-board mission planning systems is to maximize an aircraft's
mission effectiveness, survivability, and flexibility. Mission planning will be most
valuable when responding to unplanned events. The operational requirements
include: real-time problem solving, real-time processing of incoming intelligence
data, system status monitoring, and route planning.

The mission planning system should have the capability to incorporate incoming
target data and threat data with previously defined data base information. Threat




characteristics from incoming sensors will also be monitored and assessed.
When an event is determined to warrant a change to the current mission plan,
the mission planning system will oversee the change. Mission replanning would
include route adjustments, retargeting, weapon reassignments, and aircraft
configuration changes.

Another requirement of the mission planning system will be to compute changes
based on aircraft constraints, such as timing, fuel, and weapons. The mission
planning system will depend on knowledge-based algorithms to construct route
plans in line with aircraft constraints, in addition to mission data.

MAN-MACHINE INTERFACE

Operational requirements for flight management systems impose unique
challenges for design of crew stations. Welch (1982) and Reuss and Kobarg (1982)
projected trends in operational mission requirements for battle management that
illustrated human engineering needs of crew stations. They noted that the trend
in requirements would call for flight management rather than operation in
mission context. The focus of their concern was function and capability
requirements for offensive and defensive crew stations, respectively. They, in
effect, conceptualized flight management systems and called for "total
integration” of the crew with displays and systems. Kuperman and Wilson (1986)
synopsized the Welch, and Reuss and Kobarg White Papers and suggested
guidelines and design concepts for an engineering research simulator dedicated
to the assessment and refinement of advanced manned bomber crew station
concepts, in light of these new battle management concerns.

Hutchins, Neil, and Lind (1991) tested pilot performance and workload in a
prototype avionics software system, Intelligent Air Attack System (IAAS), to
evaluate the usefulness of artificial intelligence systems in military cockpits. An
F/A - 18 - like aircraft simulator was used in a full-mission, war-at-sea mission
scenario. The results from the study indicated improved performance using the
TAAS system.

However, operator information requirements in an automated decision support
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environment, such as an FM system, remain unclear. There are two primary
issues of concern in the design of an "optimal” man-machine interface (MMI) for
FM: crew situation awareness and workload. These concerns speak to the need
to tailor information displays to the needs of the crew member and to the priorities
of mission phase. What information must be available to the operator at critical
decision points and how that information is most effectively presented are the
overriding questions that must be addressed in the design of FM MMIL.

PURPOSE

The research reported in this document represents a concept definition study
directed to exploring the MMI issues inherent in the development and integration
of a FM avionic subsystem into a manned, penetrating bomber weapons system.
The Flight Controls Branch of the Wright Laboratory (WL) is pursuing the
exploratory development of such a subsystem through a series of contracts with
the Boeing Defense and Space Group, Seattle, Washington. The Crew Station
Integration Branch of the Armstrong Laboratory (DET 1, AL/HED) was requested
to support this effort in the area of MMI. The DET 1, AL was requested to address
four specific FM/MMI requirements. The following requirements define the
overall AL/HED project objectives for FM:

1. Develop and document "optimum"” FM/MMI conceptual display formats.

2. Integrate a laboratory (i.e., non-flyable) software development/

demonstration FM processor into DET 1, AL's Strategic Avionics

Battle-management Evaluation and Research (SABER) advanced conceptual

bomber crew system simulator.

3. Conduct a laboratory, part-mission demonstration of FM avionics

concept in the SABER facility.

4. Provide consultative support to WL during the review and critique of

Boeing Aircraft Company-generated FM/MMI conceptual display

formats.

This report documents the initial (Concept Definition) phase of the design of
"optimum” flight management display formats. The intent is to lay the
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foundation for an Information Requirements Analysis for an FM system and
subsequent design of a conceptual MMI.

CONCEPT DEFINITION PROCESS

The Concept Definition process, as a proposed approach to FM MMI display
development, is shown in Figure 1-1. Figure 1-1 illustrates four major phases in
conceptual design and development of "optimum" prototypical display formats.
The four phases are patterned after Crew-Centered Cockpit Design (CCCD),
formerly named Cockpit Automation Technology (CAT), advanced crew system
design methodology (Aretz, 1984). Information and conceptual background
sources for this effort were: FM System Requirements Specifications, by Boeing
(Ray, 1990); WL program planning materials (Probert, 1990), notes from AL/HED-
WL meetings, Boeing briefing material (Churchman, May 1990) and Wilber (1988,
1989).

The goal of mission management is to provide aircrews with the necessary
airborne management control and decision aids. The highly dynamic mission
environment demands that a mission management system adapt to these
changing conditions. The high volume of information available in this dynamic
environment is continuously being updated and must be rapidly evaluated and
integrated. At the same time, real-time adaptive flight management decisions
must be accomplished utilizing large numbers of changing sometimes fuzzy
decision criteria. Decision aids that embody current doctrine and knowledge rule
bases are needed.

To facilitate this, artificial intelligence techniques have become the major focus of
On-Board Mission Managers (OBMM) and FM systems. Knowledge-based
approaches to route planning (Wilber, 1988, 1989) and threat avoidance (Wilber
and Dryer, 1988) are among efforts to define and develop these systems. FM
systems manage incoming data, current mission status, and in addition,
compute and enact alternate trajectories (Churchman, 1990 and Ray, 1990).

General Dynamics, Convair Division, has recently begun work on a newly
initiated program for Wright Laboratories (WL) that will address the need for an
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intelligent system for real-time targeting and adaptive flight management
planning. This project will focus on “Concept Development” and identification of
system requirements (Storer, 1991). The following paragraphs define a
“strawman” Concept Definition process that is based on these ongoing efforts and
FM MMI concerns.

The first phase of the process, Function Analysis, is the focus of this report and
will provide the foundation for subsequent analytic and design activities.
Graphical descriptions of the concepts, function flow, information/data flow and
prototypical mission event sequences characterize the Function Analysis.

Figure 1-1 is a diagram of the events that may occur during the Concept
Definition phase of FM system development and also notes the steps in the process
with a sequence of activities that addresses current program objectives. The
sequence of suggested events begins with the operational requirements and
terminates with a simulator demonstration of conceptual displays. The events
are briefly outlined in the following paragraphs.

Function Analysis

Operational Requirements are the driving force in the development of flight

management systems. In fact, during the entire Concept Definition process the
emphezsis is the testing of the consistency of these user provided system
requirements with the evolving system. The requirements for FM were
previously defined as respond, in real-time, to unplanned events, monitor and
interpret information from a variety of sources, and replan mission route within
aircraft constraints. Measures of merit are identified, based on these user
requirements.

System Descriptions, for a conceptual system, will be based on requirements of an
FM system, current technological developments, and avionics capability
assumptions.

Mission Context describes a specific application of an FM system. Mission
scenarios and event sequence descriptions were used to illustrate the functionality

5
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of FM. These scenario descriptions and projected sequence of events are
independent of system consiraints, i.e., are technology-free and platform-
independent. Specific unplanned mission events, such as a pop-up threat, RT
search, and deconfliction, address the need for on-board planning capability.

Concept Exploration for this project was achieved with semantic maps that
represent FM system "things”, i.e., objects, attributes of objects and relationships
between objects. Important key concepts are identified and graphically
represented.

Concept Model, the major focus of current effort, is a graphical description of
system activities, information flow and subsystem interdependencies. It was
accomplished with IDEFO (a structured analysis and design technique, developed
to represent systems, and system functions).

Implement F'M Concept is the culmination of the function analysis stage in

concept definition. Operational sequence diagrams (OSDs) represent an overlay of
FM technology concept within mission context. (The OSDs are graphical
representations of the information-decision sequences that occur within a specific
scenario in the context of the FM system.) For example, the assumed FM avionics
system and system capabilities are reflected in the diagrams in terms of system
response to a specific unplanned event, such as a pop-up threat. OSDs serve as an
initial definition of the crew system control inputs and corresponding information
display responses for the conceptual FM subsystem.

Information Analysis

The second phase of a concept definition process, as represented in Figure 1-1,
speaks to the need to identify the information required for successful
accomplishment of mission objectives. A structured analysis s performed to
assure the system developer that all information requirements are identified.

[imeline Analysis is, in effect, an initia! step in a task analvsis. It places mission
events and procedures in context of the operator-in-the-loop. At this point in the
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Information Analysis stage, consideration is given to the operator in the context of
the mission and interaction with the total aircraft system including the FM
subsystem. Operator functions and activities are examined in mission context.
The mission mini-scenario is decomposed and events are represented on a
timeline in terms of operator functions, tasks, and decisions. (The OSDs
developed during FM Function Analysis reflect the unplanned event in mission
context. However, they address only FM system functions. Operator response is
noted but, in general, disregarded as an FM subsystem. At the Information
Analysis stage, modeling the operator in a "strawman" baseline system achieves
a finer-grained level of detail of activity description).

Information Requirements are identified based on the timeline analysis. The

timeline analysis reflects operator tasks and decisions. Information needed to
accomplish those tasks and effect mission decisions can be identified at an usable
level of detail.

Information Characteristics refer to identification of information in terms of
cognitive attributes, stimulus-response compatibility, visual, and spatial
presentation. At this stage in the process, it becomes imperative to begin to
address information requirements in terms of human-engineering requirements
with regard to presentation media, and display attributes.

Information Sources, such as the environment, sensors, external C2, etc., impact
decisions about display requirements and are identified during the Information
Analysis phase.

Function All 10n

Display Requirements include identification of information that needs to be
displayed, the amount of information, the data update requirements, and the
timing of the information presentation.

Develop Display Guidelines for design of the MMI. Specific criteria for display

parameters and configurations are based on a combination of display
requirements and human engineering concepts.
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Design of a Conceptual MMI utilizes the display guidelines specific to FM

functional requirements (which may also be applicable to MMI, in general).
These guidelines impact display configuration and allocation of functions.

Assess MMI. Ongoing and iterative assessment of conceptual design of "optimal”
displays investigates adherence to display guideline requirements and tests for
logical consistency and completeness of the design concept.

! 1m isplay” is the result of the Function Allocation stage of the Concept
Definition process. An "optimal” display is the outcome of the iterative steps that
precede it. The design of conceptual MMI and subsequent assessment of the MMI
in mission context occurs in a feedback loop that results in a "simulator ready”
display configuration that concurs with display design guidelines.

n 1 Desi

Integratign of the display configuration and mission and avionics software into
the Strategic Avionics Battle-Management Evaluation Research (SABER)
(Kuperman and Wilson, 1988; Wilson and Kuperman, 1988) simulation facility
culminates the Concept Definition process and provides the conceptual prototype
for test and evaluation of the logic and consistency of the FM/MMI concept with
user provided requirements.

Concept Demonstratign of the MMI is an application of measures of merit.
Measures that address mission effectiveness, system flexibility, and platform

survivability are the focus of performance testing during Concept Demonstration.
Measures of effectiveness and performance address the user requirements that
have been the focus of the Concept Definition process.

Figure 1-2, Concept Demonstration, reflects a mapping of the tools used in the
process leading to crew station conceptual design and refinement. The scenario
descriptions, timelines, semantic maps, an IDEF0O model of the system and OSDs
illustrate and define the functionahty of FM in which user defined requirements
drive the design and evaluation of FM MMI.

9
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SUMMARY OF REPORT

ECTI 1; Intr ion

The introduction defines the purpose of the report in the context of the overall
AL/HED objectives that were defined by FM project requirements. In addition, the
process proposed for accomplishing those objectives is defined.

ECTI 2: m Description

Section 2 presents a brief overview of proposed FM functional capabilities.
Assumptions regarding those capabilities and the state-of-the-art avionics and
software capabilities needed to fulfill user requirements are addressed.

ECTI . Mission Contex
Section 3 consists of prototype part-mission scenarios representing user
requirements in mini-scenarios in a technology-free context. Mission events are
initially presented graphically without the constraints of being associated with a
particular avionics capability. Event timelines represent the part-mission

scenarios in context of time flow sequence.

SECTION 4: Conceptual System

Section 4 contains a conceptual description of FM subsystem objects, attributes
and relationships, independently represented using a knowledge representation
tool, semantic maps. In addition, the functionality of the FM conceptual system is

graphically represented in Section 4 in an IDEFO model.

SECTION 5: Concept Implementation

Section 5 consists of representations of the mini-scenario in the context of the

conceptual system. OSDs represent the events in the prototypical mini-scenarios

11




as they occur in sequence, and as the events are acted upon by the system and

ancillary subsystems.

SECTION 6: Conclusions and Recommendations

Section 6 reviews project objectives and describes how the products of the current
effort address those objectives. In addition, suggestions for ongoing support of

FM/MMI Concept Definition are addressed.
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Section 2
SYSTEM DESCRIPTION

The goal of mission management is to provide aircrews with the necessary
airborne management control and decision aids. Thke highly dynamic mission
environment demands that a mission management system adapt to the changing
conditions. To facilitate this, artificial intelligence techniques have become the
major focus of On-Board Mission Managers (OBMM) and FM systems.
Knowledge-based approaches to route planning (Wilber, 1988; Wilber, 1989) and
threat avoidance (Wilber and Dryer, 1988) are among efforts to define and develop
these systems. FM systems manage incoming data, current mission status, and
in addition, compute and enact alternate trajectories/flight paths (Churchman,
1990 and Ray, 1990). The following paragraphs present a brief discussion of the
framework used for this Conceptual Definition of FM systems.

FLIGHT MANAGEMENT

A Flight Manager consists of a se. of subsystems designed to perform autonomous
inflight tactical mission planning in response to unplanned events. "The system
will compute and enact an alternate, flyable trajectory within the constraints of
aircraft limitation, time, fuel, weapons effects and survivability” (Churchman,
1990). That is, FM computes new solutions (i.e., reroute an aircraft) to unplanned
events and provides the crew with optimal solution decision-aiding.

In beginning this Concept Definition, it was assumed that the trajectory
replanning capability of FM would not be fully automated. Rather, an optimum
replan would be accomplished in response to an unplanned event or deviation
from the preplanned mission. The recommended plan would be presented to the
crew for acceptance, and if adopted, would result in the generation of flight
control command cues in the flight instrument displays. Safety of flight and
(initial) user acceptance were the reasons underlying this assumed approach for
FM mechanization. In effect, the FM, as currently envisioned, will function as a
real-time decision-support system.

13




It is expected that the FM will make a major contribution to mission effectiveness
and aircraft survivability, even without totally automated mechanization. The FM
will, as a minimum capability, be able to quickly identify in-flight situations

which require adaptive replanning. It will rapidly explore a wide vanety of
possible alternative tactical responses, inform the aircrew of both the triggering
event (including its implications with respect to the objectives of the mission plan)
and the recommended response. 1t will also facilitate the adaption of the crew
decision, provide updates (feedback) of the response tactic effectiveness to the
aircrew, and coordinate multiple subsystems in affecting the response.

The objectives of FM are to maximize mission effectiveness, survivability and
flexibility by responding rapidly and optimally to unplanned events. The
functions required of FM to meet these objectives include situation assessment,
data base updates, threat avoidance, aircraft redirection and trajectory following.
FM will receive information about the unplanned event, analyze its effects cn
mission objectives and aircraft survivability, and compute and present the optimal
solution(s) to the crew. Figure 2-1 (Probert, 1990) illustrates the interactions
among the FM subsystems and provides a brief description of their functionality.
FM subsystems include: Mission Strategist, high speed data bus, Data Bases,
Threat Manager, Trajectory Manager, Trajectory Follower, and Pilot Vehicle
Interface. A brief discussion of these subsystems and their functions will preface

the more in-depth Concept Definition that was the result of this effort.

The Mission Strategist functions as the the system executive in that it controls the

FM subsidiary functions of Threat Manager, Trajectorv Manager, Trajectory
Follower, and the data bases. Furthermore, as situation monitor, the Mission
Strategist performs situation assesament. Situation assessment i1s defined as
real-time monitoring of mission timing (which includes waypoint timing, search
area entry points, time of arrival at missile launch, weapon release points), the
route plan, aircraft position, vulnerability, system status (fuel and weapons) and
aircraft status. In addition, the Mission Strategist assesses damage on targets
and monitors force redirection. Knowledge-based rnles are applied by the Mission

Strategist w impose thresholds and prioritize and execute other M processes.

A high speed Data Bus provides the data flow capabihides between the Mission
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Strategist and ancillary FM subsystems. That is, it is the communication
channel between FM subsystems and data bases, and in addition, provides a
communication link to non-FM systems. Non-FM systems include: electronic
support measures (ESM), radar, controls and aircraft communication systems.
Figure 2-1 (Probert, 1990) illustrates the functionality of the high speed data bus in
relation to the Mission Strategist and the other FM subsystems.

The Threat Manager determines aircraft position and trajectory vulnerability and
provides threat situation updates to the Mission Strategist. In doing so, the
Threat Manager assesses ownship signature and threat parameter data, and
makes comparisons to the threat data base. Based on these calculations, it
controls counter-measures by utilizing ECM and EXCM or issuing threat
avoidance requests to the Mission Strategist. Interface with the threat sensor
data manager, evaluation of raw sensor data and control of countermeasures are
the primary functions of the Threat Manager.

FM Data Bases are continuously refreshed with system and non-FM system data
including aircraft performance (nominal and degraded), mission plan (route,
timing, speeds, aim points, targets, search areas), DTED, VOD, RFPs, threats
(OOB and DOB), timing, deconfliction, geopolitical, ownship signature, weapons,
target, waypoint, and threat. These FM data bases are estimated to contain
approximately 4GB of uncompressed data.

The Trajectory Manager functions to calculate new routes using Strategic Air
Command (SAC) tactics that are based on the mission objectives and tacit
knowledge about how to enhance survivability in an uncertain environment. The

functional requirements for trajectory generation are terrain following/
avoidance, threat avoidance, obstacle avoidance, deconfliction, fuel optimization, \
terrain-referenced navigation,15and navigation updates. New routes based on

these tactical criteria are developed by the Trajectory Manager. Furthermore, the |
Trajectory Manager updates the mission plan and calculates new optimized

routes based on the threat situation. It computes threat avoidance, or threat

minimization, fuel, time, and other deviations, using weighting coefficients that

have been received from the Mission Strategist. Data utilized for generation of

new routes reside in the FM data bases and include: geopolitical, tactical

15
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doctrine, timing (waypoint, tracking), route, DTED, VOD, threat capability
criteria, weapons, targets, mission plan, search areas, recovery bases, and aenal
refueling.

The Trajectory Follower computes flight control commands to provide decision-
aiding to the flight crew. Trajectory following may or may not be auto-coupled.
That is, the Trajectory Follower provides steering cues and/or auto options to the
Pilot Vehicle Interface (PVI). In addition, the Trajectory Follower provides
updates to the data bases. Flight Control System (FCS) commands are based on
aircraft parameters. The FCS utilizes the aircraft model to develop the
commands and tracking functions that are used to identify threshold deviations.

The Pilot-Vehicle Interface, providing crew situation awareness, presents the

flight crew with information for situation assessment and decision-making. In
fact, the PVI subsystem is the major focus of attention for an information
requirements analysis, as the information presented to the flight crew is essential
for system acceptance and effectiveness. Decisions for accepting or not accepting
new solutions (trajectory functions) and flight control reside with the flight crew
and are based on information available to them at the PVI. The PVI receives
information from the FCS (Trajectory Follower), Threat Manager, Trajectory
Manager, and the Mission Strategist.

ASSUMPTIONS

In order to perform concept definition analysis of an automated FM system, the
operational capabilities of the host air vehicle had to be identified. The following
items serve to describe the assumptions regarding implementation dates and
avionics capabilities made in initiating the analysis:

Initial Operational Capability (I0C): An IOC of 1997-2000 was selected. This
decision, together with the implicit assumption of a 1992 technology availability

date, determines the level of avionics maturity to be expected in the host air
vehicle.

Avionics Subsystems: An avionics capability similar to that represented by the B-
17




1B strategic bomber was selected to serve as a model with respect to the types and
general capabilities of the on-board avionics subsystems with which the FM
systein would be expected to operate. Key avionics were felt to include:

Electronic Warfare:

Radar Warning Receiver (RWR) The RWR consists of a set of receiving antennas,

data bases, and signal/data processors that detect, classify/identify and locate the
source of radio frequency emissions. Data bases include both the characteristics
of enemy threat system radars (surface-to-air artillery and missile acquisition
and guidance radars, air-to-air acquisition and guidance radars, early warning
search radars, and ground controlled interception tracking radars) and the
intelligence-derived defensive order of battle (DOB) data base (i.e., threat types and
presumed locations or operating areas). The DOB data base was employed during
ground-based planning. The planned aircraft route was originally established to
avoid significant exposure to the most severe threat systems. During the course of
the mission, the operator monitors the RWR display of active emitters and
attempts to correlate emitters with DOB sources. Inconsistencies (i.e., an emitter
with no correlated DOB site) are potential threats to the aircraft and must be
evaluated in terms of exposure duration, threat lethality, and aircraft
vulnerability. "Pop-up” threats may be negated through some combination of
active countermeasure application (flare or chaff dispensing and jamming) and
aircraft maneuvering (avoidance or evasion).

vigation:

Inertial Navigation m (INS) This subsystem serves to provide the platform
with an inherent capability to estimate current geographic location. The estimate
may be corrected, if in error, or refined by performing a navigation update.
Radar, for example, might be used to image a fixed landmark whose latitude,
longitude, and elevation are known (and stored in the FM aimpoint data base). If
the aircraft's INS-based estimate of current position were perfect (i.e.,
corresponding to the actual location), then the landmark would appear in the
center of the radar image display. If the estimate were in error, then the
landmark would appear off-center. A radar display cursor, which initially
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appears in the center of the display, is used to perform the update. The operator
refines the cursor position so that it overlays the landmark's radar image. He
then designates this position to the navigation computer which adjusts the
estimate of aircraft position.

Muiti-mode Radar: The aircraft radar set is used to image radar fix-taking points
and preplanned targets. Radar modes include real beam and high resolution
synthetic aperture processing.

Piloting:

Pilot Relief Modes The baseline aircraft was to be provided with radar-based,
automated terrain following (TF). An altitude-hold capability was assumed to be
an adjunct of the TF mode. A heading-hold capability was assumed to
automatically control the aircraft's heading with respect to the next preplanned
destination point.

roni¢c Emission Control (EM Terrain avoidance flight without using
radar emitting equipment. DTED data base is utilized.

Avionics Upgrades By the IOC date, it was assumed that certain preplanned
product improvements had been made to the baseline aircraft (independently of
the FM enhancements). These upgrades were assumed to include:

vigation
Emitter Location Subsystem (ELS) An ELS capability was assumed which

would allow the bomber to more rapidly and accurately estimate the position
(bearing and range) of the threat system radars. This capability would provide
threat data of sufficient timeliness, accuracy, and resolution to make FM-
based responses meaningful. The ELS would be a subsystem or submode of
the RWR capability.
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iloting:

Additional Auto-Pilot Modes An automated terrain avoidance (TA) capability
was assumed to have been added to complement the TF mode. An automated
throttle control was assumed which would allow the aircraft to adjust engine
power settings in response to deviations from planned arrival times at route
waypoints.

Other;

Connectivity The Military Strategic Tactical and Relay (MILSTAR)
constellation of communications satellites was expected to be in operation by
the IOC date, and the bomber was expected to have been equipped with a
MILSTAR terminal. MILSTAR would afford a reliable, secure, two-way
communications channel with higher headquarters. MILSTAR would allow
the bomber to receive emergency action messages (execution/termination) and
force direction messages and, also, to transmit strike reports and other
informational messages. In the context of a future FM capability, MILSTAR
might be employed to update the mission plan based on more recent
intelligence estimates and data.

"Glass Cockpit": The aircraft crew station was assumed to have been refined
toward the goal of a "paperless” or "glass” cockpit. Multiple, multifunction
displays provide for increased mission flexibility, improved information
transfer, enhanced crew situational awareness, reduced crew workload, and
eliminate the need for numerous panel-mounted, electromechanical controls.

Data Processing Requirements Projected technology for FM (Churchman, 1990)
for 1995 suggests ADA-based single processor, 30 -100 million instructions per
second (MIPS), mass storage devices, and >50Mb/sec databus. Hardware
evaluation and risk assessment determined from low to medium risk for these
technologies.

One global assumption is that the degrees of freedom available to the FM
20




subsystem are quantified by the current mission planning policy for deconflicting
penetrating bombers. If a bomber achieves each planned waypoint within a
navigational accuracy of a few miles and a timing accuracy of several minutes
then, presumably, it will neither interfere with other strike events/platforms or in
turn be interfered with. Departure from these temporal and geographic
parameters incur an unspecified penalty termed “assumed risk”. With regard to
a future FM system, assumed risk would be reflected by increasing assessed
costs/penalties in a manner proportionate to the magnitude of the deviation from
the deconfliction parameters.
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Section 3
MISSION CONTEXT
MISSION REQUIREMENTS

In order to explore the functional implications of an FM capability, and, hence, to
identify the aircraft integration and MMI requirements, mission requirements
must first be identified. The mission selected for this FM/MMI analysis was that
of a single aircraft performing an RT mission.

An RT is an asset or system which is intended to achieve survivability through
mobility. Mobile intercontinental ballistic missiles (e.g., the Soviet SS-24 and SS-25
systems), mobile command posts, strategic aircraft, and troops out of garrison,
are examples of RTs. The 1990 edition of Soviet Military Power notes that “"the
broad area available for deployment of both the SS-24 and SS-25 mobile systems
and the use of concealment measures would complicate locating these systems in
wartime.” At the October 5, 1990 Strategic Relocatable Target Capability Program
Office Briefing to Industry, the fundamental requirement was to locate and
identify RTs. Sensors are required to support the RT location and identification of
weapon system functions. The system must be capable of searching broad areas
and of identifying concealed targets. This is a much more complex requirement
than striking fixed targets (e.g., missile silos) whose positions are accurately
known. A bomber performing a contrariety mission must, then, be more flexible
than one attacking fixed targets.

Another mission requirement will be defeating enemy air defenses.
Modernization of Soviet air defenses has been significant and may strongly
impact evolving bomber missions. The 1990 edition of Soviet Military Power points
out the rapid introduction of the modern SA-10 surface-to-air missile system (both
fixed site and mobile versions) and the "improving Soviet air defense capabilities
against low-altitude aircraft.” Modern air defenses, including mobile systems
which are deemed to be effective against low-altitude flight profiles, have posed a
challenging problem to the survival of a penetrating bomber. The uncertainty of
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missile site location during mission planning and mission execution are
significant components of this challenge.

Deconfliction to penetrating bombers is a term used in mission planning to refer
to the need to route (in time and/or in space) penetrating bombers away from the
detonations of ballistic and cruise missile warheads or other bomber-delivered
weapons. The bomber must keep within the planned time/space window as it flies
its planned route. Searching for RTs or avoiding mobile air defenses makes
assuring deconfliction more difficult.

STRATEGIC BOMBER MISSION

The exploration and demonstration of an FM concept is in the context of a
strategic bomber. The Strategic Flight Management Concepts for Large Aircraft
Industry Review (January, 1989) states that fifty percent of the strategic targets in
the 1990 time period will be mobile, and only 25 percent of the targets will be hard,
fixed sites. Therefore, the location and targeting of relocatable targets has become
a challenge to mission planners. Target search areas are developed based on RT
deployment probability and bomber capabilities. The bomber's trajectories
through the search areas are optimized to locate and target the maximum
number of RTs.

Currently, bomber force missions are preplanned with turn points, navigation
update points and fixed target locations. Coordination of time of arrival at these
points for individual bombers within the force is critical in order to accommodate
the deconfliction of forces. Mission planners also consider the target sites
assigned to each bomber ensure deconfliction of the force. Therefore, an
individual bomber must remain on course and each bomber must deliver
weapons as scheduled to ensure weapon deconfliction and fratricide avoidance.
In addition, communication within the force is limited, therefore, crews have
minimal accessibility to updated information regarding the existence of threat,
nuclear detonations, and weather.

FM will enhance the strategic bomber mission by increasing survivability,
maintaining deconfliction requirements, and improving mission effectiveness.
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Increasing the survivability of the bomber will include initiating threat avoidance
procedures and insuring deconfliction. Deconfliction is achieved by rerouting a
bomber to avoid nearby nuclear events. FM will assist in deconfliction by issuing
flight commands which will keep the bomber on course and able to strike targets
at the preplanned times. Maintaining the planned route ensures the safety of
both the bomber and of nearby aircraft. FM will employ techniques to keep the
aircraft on the planned route. FM will enhance mission effectiveness by
optimizing the trajectory through a search area when the bomber's entry point
deviates from that which is planned.

MISSION SCENARIOS

Purpose

FM demonstration and evaluation will address three priority issues of a bomber
mission in a nuclear single integrated operations plan (SIOP). These issues are
threat avoidance, deconfliction, and RT search. Scenarios addressing these
issues were selected to illustrate the principle concepts employed by the FM
system. The demonstration will characterize typical system reactions to
unplanned events in the SIOP mission (Ray, 1990). Boeing has suggested three
scenarios: avoidance of a "pop-up” threat, reroute around a nuclear event, and
optimization of a trajectory through an RT search area. These three scenarios
contain aspects of the bomber mission in which FM will play an essential role.

The purpose of these scenarios was to demonstrate FM functions. FM functions
include threat detection and management, situation assessment, trajectory
management (route planning) and following, and route adjustment
management. The scenarios were broken down into events, and the functions of
each subsystem were identified.

The scenario descriptions and functional requirements will be essential for
development of the PVI. Before designing displays, the information required to
perform an activity must be identified. Listing the events of a scenario and the
capabilities of FM is a precursor to defining information requirements. The
designer will examine the incoming and outgoing information for the sequence of
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events. The information needed by the crew at each event to perform their
required activities will be determined.

The following sections include a brief description of each scenario as defined by
Boeing (Ray, 1990). The functionality required of the major FM subsystems
throughout the scenario have been identified. The subsystems are: Threat
Manager, Mission Strategist, Trajectory Manager, PVI, and Trajectory Follower.
The FM system also consists of data bases, that the subsystems call on for mission
and tactical information, and a high speed data bus.

reat Avoidan

A pop-up threat scenario was developed to demonstrate FM functionality to
unexpected threats. In this scenario, one or more unexpected threats have been
detected along the planned flight path. These threats have been classified as
imminent. A threat is defined to be imminent when the aircraft, remaining on
the planned route, will enter the lethal envelope of the threat. A description of the
scenario and FM responses and functions follow.

An unexpected threat or multiple threats are detected in the vicinity of the
planned flight path by the Threat Manager. The Threat Manager identifies the
threat type and location. The Threat Manager then assesses ownship
vulnerability and classifies the danger the threat poses to the current mission
plan. The threat is determined to be imminent and a threat avoidance request is
sent to the Mission Strategist.

The Mission Strategist is responsible for formulating strategies which are used to
determine solution guidelines. Strategies are devised by computing weighting
factors (costs and time) and mission objectives. Solution guidelines are then
forwarded to the Trajectory Manager.

A set of candidate solutions are generated which maximize the survivability of the
bomber by the Trajectory Manager. The bomber can either reroute to avoid the
threat or minimize its exposure to the threat by using evasive techniques, both of
which will require a change in the current bomber route. According to the
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current concept requirements, the optimal solution is presented to the crew
within five seconds of the threat detection, via the PVI. The crew either accepts or
rejects suggested optimal routes while the bomber remains on the planned flight
path. The display is updated every five seconds, until the crew responds.

The crew response is sent to the Mission Strategist, which coordinates the
responses of FM functions. If the proposed route is rejected, the Mission
Strategist will again develop strategies and send them to the Trajectory Manager,
which will proceed to develop and display another optimized route to the crew.
This will continue until the crew accepts a route.

When a route is accepted, the new trajectory information will be updated in the
data bases and sent to the Trajectory Manager. The Trajectory Manager will
generate real-time flight control commands. These commands will be forwarded
to the crew and to the Trajectory Follower. The Trajectory Follower tracks aircraft
variables to meet quantified mission objectives. The Trajectory Follower also
regulates control effector, flight director, or manual pilot commands.

Information is transmitted to the crew, in a form that is dependent on the level of
automation in aircraft control.

Deconfliction

Two types of deconfliction will be addressed in the demonstration: avoidance of
another bomber's targets, that is, avoidance of effects from other Blue Force
delivery systems and timely execution of weapon delivery. Timely execution
requires avoidance of delivering weapons whose detonations will effect other Blue
Force delivery systems. In the first case, replanning is required to avoid nuclear
events along the flight path. Nuclear events could be a result of gravity bombs,
Short Range Attack Missile (SRAM), Air Launched Cruise Missile (ALCM),
Inter-Continental Ballistic Missile (ICBM), or Submarine Launched Ballistic
Missile (SLBM) detonations. Carrying out weapon delivery as scheduled may
require adjustments in routing or timing. The FM system will be responsible for
overseeing these adjustments.

When the bomber is approaching a nuclear event, the Mission Strategist
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determines the threat window and computes weighting factors and mission
objectives. If the threat is imminent, a route change request is delivered to the
Trajectory Manager.

The Trajectory Manager normalizes weighting factors, generates candidate
coarse (approximation) solutions, and selects an optimized trajectory. This
trajectory is presented to the crew via the PVI. The crew evaluates the
information and selects or rejects the proposed reroute. As in the case of the pop-
up threat scenario, the Trajectory Manager updates the displayed route while the
crew is making their decision. The crew response is sent to the Mission Strategist
via the PVL

If the proposed route is rejected, the Mission Strategist will recompute weighting
factors and mission objectives and issue a route change request to the Trajectory
Manager, which will send another route to the crew. This will continue until the
crew accepts a route.

When the Mission Strategist receives a route acceptance from the crew, the
current route is updated and sent to the Trajectory Follower. The same procedure
is then carried out for generating and executing flight commands as described for
the threat avoidanc?: scenario.

For the second type of deconfliction, timely weapon delivery, the Mission Strategist
monitors the bomber route and timing by comparing current status with the
planned route in the data base. When a deviation is discovered, the Mission
Strategist determines the mission objective function and formulates the solution
which will result in timely weapon delivery. The changes needed are then sent to
the Trajectory Manager.

The Trajectory Manager generates the new route and displays the information to
the crew via the PVI. The crew makes a decision to accept or reject the
recommended adjustments. The decision is transmitted to the Mission Strategist,
which updates the data bases with the new information and prompts the
Trajectory Manager to generate the control commands necessary. These
commands are received by the Trajectory Follower and the crew, via the PVI.
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Search for Iielocatable Targets

A preplanned route through RT search areas is structured so the bomber will
pass within sensor coverage of the most probable target locations. However, the
actual entry points and times for entering the search areas may vary because of
route replanning, aircraft drift or navigation error. The FM system will generate
a route based on the actual arrival point to the search area.

When approaching the search area, the Mission Strategist monitors the
upcoming arrival point and compares it with the preplanned arrival time. When
tnere is a deviation from the planned route, the Mission Strategist generates a
prioritized search plan, using information retrieved from the data bases. A route
change request is sent to the Trajectory Manager along with mission objectives
and cost functions generated by the Mission Strategist.

As 1n the previous scenarios, the Trajectory Manager generates candidate
routing solutions and displays the optimized adjustment to the crew. Trajectory
selection by the crew and control command generation are carried out in the
same manner as those discussed in the other scenario descriptions.

EVENT SEQUENCE

Event Sequence diagrams are pictorial illustrations of the narrative scenarios.
They provide graphic representations of mission context. The diagrams depict
possible unplanned events and include the responses of FM and the crew to these
events. These diagrams represent the preplanned route, the adjusted route, and
the activities performed by the FM system and the crew. Descriptions of FM
functions throughout the scenarios are included in Figures 3-1 to 3-4.
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FM monitors the incoming
threat data and detects a
threat in the current flight
path.

FM recommends a route
change to the crew.

The route is continuously
updated and presented to the
crew.

The crew has the final
decision regarding the new

route.

FM generates the flight

control commands for the new

route.

FM monitors the manuever
and continues to monitor
incoming data and events.

FM initiates a turn short
manuever which will regain
time lost from the reroute.

CREW EVALUATES PLAN
CREW ACCEPTANCE ==y

WP 31

= POP-UP THREAT
DETEC.:D
=~ M PERFORMS THREAT
AVOIDANCE REPLAN
= REPLAN PRESENTED TO CREW

FM COMPUTES CONTROL COMMANDS

REPLANNED NEW TURN POINT

Figure 3-1 Pop-up Threat Scenario Event Sequence
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FM monitors the planned
route, current conditions and
weapon delivery times.

FiM determines the needed
aircraft changes to meet the
planned weapon delivery time.
For example, adjust airspeed.
The solution is presented to
crew.

FM continuously monitors

ine current status and updates
the crew display to reflect
any changes.

The crew makes the final
decision regarding the
aircraft control.

FM manages the systems
involved in reconfiguring the
aircraft.

WP 33

FM DETERMINES LATE ARRIVAL TO TARGET
SITE

FM DERIVES AIRCRAFT RECONFIGURATION
TO MEET THE REQUIRED WEAPON DELIVERY
TIME

= RECONFIGURATION PLAN PRESENTED TO CREW
CREW EVALUATES SUGGESTION

CREW DECIDES TO ACCEPT SUGGESTION

= FM CHANGES AIRCRAFT CONFIGURATION TO
MEET THE MISSION OBJECTIVE

WP 34

Figure 3-2 Deconfliction -- Timely Weapon Delivery Event Sequence
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FM continuously monitors
events and data base updates.

When another aircraft releases
a nuclear weapon in the flight
path, FM generates a new
route to avoid the threat area.

FM presents the crew with
the reroute and continuously
updates the display based on
currgnt conditions.

The crew makes the final
routing decision.

FM generates the control
commands needed to fly the
new route and manages the
systems responsible for
carrying out the control
functions.

FM continues to monitor
the events and the reroute.

FM initiates a turn short
manuever which will regain
time lost due to the reroute.

CREW EVALUATES REROUTE

CREWACCEPTS ANEW ROUTE

WP 36
FM IDENTIFIES NUCLEAR THREAT IN
FLIGHT PATH

FM GENERATES A ROUTE TO AVOID
THE THREAT

= ROUTE PRESENTED TO CREW

FMGENERATES CONTROL COMMANDS
FOR THE NEW ROUTE

NUCLEAR
THREAT

FLIGHT PATH OF
SECOND AIRCRAFT

REPLANNED NEW TURN POINT

— NEW FLIGHT PATH

Figure 3-3 Deconfliction -- Avoidance of Nuclear Threat Event Sequence
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FM monitors current location
of the aircraft, the target area,
and the planned route at afl times.

FM determines that the entry
point into the targetl area is not

as planned (e.g. due to wind dnft).

FM generates the optimal route
through the target area based on
target priority.

FM displays the route to the
crew, which is updated while the
aircraft continues to drift.

The crew makes the final routing
decision.

FM is responsible for

generating the control commands
and monitoring the systems which
carry them out.

FM DETERMINES ENTRY POINTS TO
TARGET AREA DIFFER FROM PLANNED

FM REPRIORITIZES TARGETS AND
GENERATES A NEW ROUTE

M PRESENTS THE ROUTE TO THE CREW

FM GENERATES CONTROL COMMANDS
FOR THE NEW ROUTE

» NEW FLIGHT PATH

f «————» SEARCH AREA

\
1]
1
1
]
A
]
1
]
]
[}
I
I
]
1
]
]
1

Figure 3-4 Relocatable Target Search Event Sequence
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Section 4
CONCEPTUAL SYSTEM

OVERVIEW

Specifically, this discussion of the conceptual system will include the process of
identifying: 1) system objects and attributes, 2) system functions, 3) specific
subsystem activities, and 4) data flow through the system. Within the context of
this effort, a "top-down" process was followed. The departure point was the
statement of operational requirements as represented in the mini-scenarios and
event sequence descriptions. The goal was to begin with a "requirements driven"
perspective, rather than artificially impose possible constraints which might be
inherent in a specific embodiment of FM avionics (i.e., a "technology driven"”
approach). This emphasis on "requirements” (rather than "technology") is hoped
to result in a system concept definition which reflects both the needs and
expectations of the eventual end-user. The intent is to lay the ground-work with a
concept exploration of FM avionics and MMI for subsequent information
requirements analysis based on prototypical mini-scenarios.

The goal of this Concept Definition is to provide a clear understanding of the
system functional capabilities, activities and the functional dependencies of
ancillary avionics subsystems, and more specifically, to provide the foundation
with which to design and assess the system MMI. The concept definition is driven
by user requirements and assumptions about avionics capability. This is the
initial step in a process that will provide the basis for subsequent phases of the
Concept Definition process.

The application of mission scenarios to define the functionality of an FM system
facilitates an understanding of the information flow through the system and tests
the logical consistency of the initial "strawman" concept definition. Once the
operational concept is defined, the specific questions about operator information
requirements can be addressed. For example, what are operators supposed to do?
What information do they need to do it? How is that information most effectively
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presented? And what processes should/should not be automated? It is this
Requirements Analysis that provides the foundation for design of optimum
displays.

APPROACH

The initial focus of the FM Concept Definition was to develop a graphic description
of the system, a model, based on the current system concept phase of development.
There are several questions that will be answered using this approach. First, a
definition of the functional characteristics of the system and its ancillary
components will provide a foundation for an Information Requirements Analysis.
Second, the model will illustrate the interaction of subsystems that occurs when
replanning and rerouting the aircraft in response to unplanned events. Third,
the flow of data and information through the system will be observed and the
sources of information will be identified.

The immediate objective is to assist in development and evaluation of FM MMI for
three scenarios: pop-up threat (avoidance), deconfliction (recover mission time
and avoidance of a nuclear event), and relocatable targets (recover search area
entry point). FM functional requirements may or may not differ for each of these
three scenarios. Rather than develop a separate model to illustrate FM functions
in each case, the system model will encompass fur..tionality for all cases,
simultaneously. For example, function requirements for the unplanned event of
pop-up threat will include threat management, which may require activation of
countermeasures. Countermeasures are not included in the scenario for
deconfliction, or recover search entry point. Nevertheless, the model will include
the function for all three cases as though these events occurred at the same time.
This strategy will illustrate FM functional capability in broader perspective.

Function Analysis of FM, with its focus on information components, will be
utilized in the development of optimum display and control configurations for the
PVI. Demonstration of system responses to these unplanned mission events
addresses FM function requirements of survivability, deconfliction, and
effectiveness. Therefore, a scenario-driven, graphic description is the focus of
this preliminary concept definition and will serve to identify FM functional and
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information requirements in order to refine the FM concept.

A dual approach was used to develop a model of FM functionality and information
requirements. First, an overview of the system components, objects and
relationships, took the form of semantic mapping. This consisted of identification
of key ideas that related to system functionality. Based on available
documentation, the objects/things of the system were identified. Attributes,
relationships and actions on these objects were then identified at a very global
level. This graphic description of the system was used as an object-oriented tool to
describe the system in terms of its components (concepts), as well as their
attributes and interrelationships.

Each of the FM subsystems that were identified in Boeing requirements
documentation and WL program planning material was represented as a
superordinate concept on a semantic map. That is, a semantic map was
constructed for each major FM subsystem. Then, concepts subordinate and
related (in some way) to the subsystem in question, were represented as nodes on
the semantic map with relationships between the concepts being represented as
links or connectors between the nodes. Identification of global characteristics of
FM and understanding of the complexity of the FM problem was the major
purpose of this activity.

FM subsystems, Mission Strategist, Threat Manager, Trajectory Manager, PVI
(situation awareness), and Trajectory Follower, were examined independently in
terms of what they do, what they contain, information nceded, and sources of
information. The data bases of an FM were considered as shared data bases
between the subsystems operating as an internal and external data and
information source. A high speed optical data bus is assumed for communication
within FM and is inferred rather than explicitly included in the model. A brief
description and background of semantic mapping i included below.

Semantic Maps

Semantic maps originated with Quillian’s Semantic Networks (1969). They

represent knowledge as a linked structure of objects or events illustrated as nodes.
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These nodes are connected by links or arcs that represent relations between the
objects and facts (Eberts and Brock, 1987). That is, semantic maps are graphic
representations of a knowledge domain in that concepts (key ideas) are
represented as nodes, and the links between those nodes represent relationships
between the concepts. The meaning of a concept is reflected by its associations
with other concepts. Furthermore, the objects (nodes) on the maps are exhibited
in terms of being subordinate or superordinate to related objects. A semantic
network may be seen as an hierarchical representation of the domain in question.
For example, a concept represented on the map may have several related
subordinate concepts that define the superordinate construct. The semantic
network represents a schematic, so to speak, of the structure of the knowledge
domain. A semantic network of the FM system was prepared as an initial step in
the function requirements definition process.

This technique has recently been demonstrated to effectively develop concepts and
understanding of system functionality. For example, McFarren (1987) utilized the
semantic network approach in concept mapping, as an interactive technique, to
aid communication between designers and system users, in order to identify the
key concepts involved in solving a problem and to represent models of problem
domains. Concept mapping was recommended as an effective tool to define the
problem space in developing decision support systems (DSS).

A natural extension of this concept mapping methodology was used most recently
as a knowledge acquisition teol (McNeese, Zaff, Peio, Snyder, Duncan, and
McFarren (1990) to elicit expert knowledge from pilots. Expert pilots were
interviewed in knowledge acquisition sessions and concept maps of several pilot's
views of a target acquisition task were developed. It was found that while
configurations of pilot concept maps differed, as would be expected, the key
concepts and links represented a mental model of the target acquisition task that
could be used for continued information analyses. This interactive development of
concept maps of a tactical combat flight domain resulted in a summary concept
map that incorporated multiple perspectives of expert knowledge.

The objectives for semantic mapping of the FM concept were twofold. First, this
technique was used to understand the problem domain of flight management.
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What was needed was to identify the global characteristics of the FM problem and
solution. The overview of the system by semantic mapping the information
known about system functions and requirements led to a better understanding of
functional and information requirements. (At this time, the maps only represent
concepts derived from existing documentation.) Parallel and subsequent concept
definition was enhanced using this methodology.

The second reason for illustrating FM in semantic maps was that the veridicality
of the FM model may be easily tested in continued interviews with the user
community. Representing the domain in a semantic map was a way of
developing a mental model of the system functionality. Semantic networks or
variations thereof, such as concept mapping, have been used as a knowledge
representation format because of the supposition that this is a reflection of the way
people think. It has been suggested that individuals organize domain knowledge
as concepts and relationships (Quillian, 1968). Therefore, representing the system
as a network of concepts and links between them attempts to stay as close as
vossible to the way knowledge may be represented in memory.

The overall goals of semantic mapping are to identify the global characteristics of
the knowledge domain, and also to understand the overall complexity of that
domain. In addition, with the semantic mapping technique, nuances of the
knowledge domain may be illustrated. That is, the dynamics of the system or
environment can be represented.

Keeping in mind that the goal of the project is to elaborate and contribute to the
FM system concept definition in order to identify the information requirements for
FM MMI, constructing semantic maps allows for continued examination and
revision by the user community as the concept definition evolves. Because the
networks can be readily modified, review of the maps by expert users will result in
finer detail in functional descriptions and also result in corrections or other
modifications to the existing maps. The semantic maps can be further utilized as
a knowledge representation tool to gain richer understanding of information
requirements. By using semantic mapping as a tool to expand and represent
knowledge of an evolving concept definition, incongruities between the initial
concept of the system and mental models of users and system designers can be
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eliminated before the simulation is developed.

The concept definition of FM as reflected in the semantic maps is illustrated in
Figures 4-1 to 4-5. Some of the characteristics of FM revealed in this structure
will be discussed below. The discussion will present more of an overview of the
maps rather than an extensive discussion of the concepts represented on the
maps. It should be kept in mind that this was a preliminary effort at an object-
oriented representation of the system. The semantic maps for this effort are
intended to be utilized as a springboard for discussions and knowledge elicitation
from the user community at a later stage. Nevertheless, developing system
concept maps provides human factors engineers with a way to map the FM
domain in terms of a "strawman” mental model that was based on the available
documentation of the system, and that model aided in the additional graphic
structured analysis of FM activities, IDEFO0, as will be discussed in a later section
of this report.

Concept Map Analysis

The general objective for development of a concept map of an FM subsystem is to
illustrate its global characteristics and complexity. The information available on
a map is observed by identification of the “key” concepts that make up the system
and by noting the attributes and relationships associated with those concepts. The
objects seen on each concept map fall into categories of system “"things" and
attributes, data or information, and events. The connecting links between the
objects, or concepts, consist of actions performed on, or by, related objects.

Identification of “key” concepts has been the focus of FM semantic mapping.
However, the method for identifying a “key” concept is heavily dependent on the
objectives and perspective of the concept mapper (supporting the premise that
user involvement is an important factor in defining conceptual systems). The
specific objective for semantic mapping of the FM system has been to understand
the system functionality as a means to approach identification of information
requirements. Therefore, “key” concepts on the subsystem maps are found to be
those that appear to represent the specific functions of the system. The meaning
and understanding of those concepts is seen by the relationships with other

38




epnout

uoiloe|esep
/U01100|8S MBI

1SID31VHIS NOISSIN - dVN DILNVWIS |-¥ 3HNDIS

uonesuedwod

vonesuedwod

eun20Q
reause |

Bunebie; uoydunjjew 9/e
ueid 14
‘ sepiaoid
eiEp uOISSIW
ezilliond 1P uoiss)
ewl
welsAs
8z |WivIW
B8Y JeAnsurwWw
sieeJyl edeosse
o11oun] &
s [ dors ABeiesis
1q0 uolssiw re@|anu sepn]oul
epn,oul
ddns a
uoiepe.Bep seseq Aieaode) Burwiieny
eouBpIoAR a 8 uod
JBYIEOM BSIBADE 8pryou!
uoiesedo 8pn| o\t 0108185 8ino
jo epow, epn|)
eseq eiep
S01JBUBIS oieioueb W4S »
s8N U sejns ebpejmouy o
1eeuyl
eBewe dn-dod
ssuljeping uonnjos P
selepdn sesn uonnjos
CRIVL-IVLT-) SeSSe sejeioueb elepipUED |BI0] S0I1S1I8IDBIRYT
uoIBIS MBID 8Je
LOISSIWSURI)
seieInw.oy siiod
seiBejens uw_mwum:w UOISSIN S101UOW suode:
Py A —»/ oieis
suonoun 1senbe, eesul
spuodse. IS @JUBPIOAR JB6.U)
0880 s10d8.
Joexe welsAs sessepse o
oz sofuow P si10de H
8eztltiou
18w - 36719265 Si1008d uer
udm g jen) Seindexe 4
] s8nss|
Ly luer jied
sessed0id uoneniis
1senbe, zuou
\ S101UOW Bus einos
LY
1
18MO|[04
Aioideley uoNdI}U0de!
L 1 siuiodAem * swiod P °
|8p N Hu
yaune| pue yssees S8AILD
{eALe  Bwn sniels
$8:NSLOLLIBUNOD peBueys
Aioioefes) . $8%0AUI ep/peppe
§ ee.
BOIL )% swiodAem




HIOVNVIN LV3HHL - VN JILNVYINIS 2-¥ 3HNDIA

e|qewwe|

eleipew

e8Iyl ou

%6i0)8
snie}s

uoliesl)isses

:_on!

ejqewwel jou
Saljslieldeleyd
e|qewwef eie
leaiy) i€ $6/NSEOWIOIUNDD
|
1eBeuew
Aiojoeles)
uonoe g
SBY einjeubrs ol
8AIsusjep
eseq elep
Aljiqessu|na $19npuo?
diysumo
o iwes
pue
1284j8 ssasse
eiEp 10SUBS umioto,u
sdujnw 1ebeuepy
eauy )
4( isenbe;
Eopnious seiepd spues ©UBDIOAR 18Iy
uoHiep  1eesyl 0}
uonouny
eAoelqo
01 s$8ienb UOISSIW
aseg piep 1eesyl
9epnioul

uesind

Kioelen

18:18e12.18
uompy

aseq ejep

sepnidu!

N3 \

SiuBre

1eeJy!
dr-doc




HIOVNYN AHOLOIrYHL - dVIN DLLNVINSS € 34NOtd

syepdn
ueid 1HS

send
|jeuseixe

ul sinses

$o11S1I819RIBYD
ore

pepnjout st

pepnjoul

UO01121ju0Jep

pepniauL

@JUBpIOAR  leBsUl

ajeis '1822¥
/1ea/uotiisod

Kioyoelen
meu [ewndo

t
©3ndwoo e
reeiyy
dn-dod
. yied

1802 -1SE6|

uonebiaeu
j81 weuey

10

ut synses

0} wes
SOXOAUI

$10}08)
BunyBiem

se
y Aio100fR)
e 30]

wuylioBre
yosees  dusuney

) $589C. d
uen Aioyoelesy ‘ pesn

seul)ep

ol uses

41

uolouny

somonoy fes) ®>;om50
‘.o.woo._‘mh LY wiyiioBie 8100
. F 4 ® 9 dCQ 93520 BUHBBEQ
m @ < 9
gse1e)0ueb
iabeuenN swrodhem peseq e n;
seje.oueb >LO~Q®,—N‘_._.
SpueWWOD
jollu0d
swl}-jeel seulwieiep e
indu

S6UIWI918P
ETORLAL-1)

UoIssSH

19enbe
8y> MinD;

8U011N|0S

uonduny
igo uoIssStW

- ==

eseq Ai9A0d6.

Buyeniel
U7

81 ddns

uien @)
rsdew

SUIBIISUOD

uoneindwod
enos 1€qoB

aseq
IED Wi

800'800

siuiodAEMm

einos Buiwn
VU000 IBINDB L é

1818ejei1g
uOIBIN

kio100e )
peuueid-eid W8N

lesi peuueid
-gid wesnd

Jesnjodoed




IAd - dVIN DILNVW3S v-¥ 34NOId

guodesm

siefdiel

gepntaut

8P1IIBAD
lenuew

38PN

Buinew
uoISI2ep

1104
youd
@110l

guoi1do-0ine
sepN|du

oq Aew

WS3 PEOQ40
eseq RIEP

ol
|igeHEAE
woddns
se1epdn
22

sepn(oul

42

u01108}8sep
/u01100(8S MBID

seide

s\e

SWiIOU
Wwioul
S i0jul
Yl BN snieis
SUOISII8P LONBWIOU) RIINEN $BUILIe1BD 5@ NEREWiNIUN0D
1044
18U10 ¢
swioyu $8nss:
swiojui
SONOAR
18MO110 4 gpuIWIBIeP
SSQUAIEME ‘ | N
joiyeles senbe. eesul dn dod
feuQilenis 1eBeuey i u? L2218} o
5 einos
fioyoefes] u Kieuie)
wioju! senss! g
aueb
joieAB®
saro
i8ppny
0} wes swi woisAs Buiseeis
;
S04
5rding
sucJe|e
enoi8)
8:e

SIUBAE

DUTAR

1s:Beresls oSS

RL0AR




129|858p
/198|185 M8JD

sepoap

she|dsip
die

(%)

{(peedsie)

se jgions

seno
Buieels

opbejuesesd

0}

$S8IppY

8jliouyl

eie

suoie|ie

HIMOTIO4 AHOLO3rvdL

Buipre
-uoIsioep

epiaoid

mmn_>7

sxoeJ)

peoedsire
epnlijje
Buipeey

101d-0ine

- dVYW DILNVIN3S S-¥ 3HNOIS

0enp )

eq Aew

Aew

ANE
epow

Aq
joiiuoa by

pe|dnod

epn|oul
elje
epn|aui
mo§, Ba
selepdn 658
eleQ
esn
lemojjo4Ai0100les)
oona epnidu s8pn|
ag

L3I BIED 8(DI46A

0ie
selou SUIBIISUOD ol
S8|QeliBA O/
Buiwn  weishs
10108lel) -
$e10u ’
Mmeu
e
e d s S
SepIaAc) sepin0Id PwW Jj0JIUOD
..;uoe swiojul soues

e

1siBeleng uoissipy

1B Kioioeles |

swyiiioBe

opnyou

43

|8pow /e




concepts and connecting links to those key concepts. The maps are in a format
that can be readily modified to accommodate additions or other modifications.
The following paragraphs present a brief overview of the content of each
subsystem map.

Mission Strategist
What information does the map contain?

Examples of the objects that are seen on the Mission Strategist Concept Map,
Figure 4-1, that represent system “things” and attributes, data and information
are system executive, situation, solution guidelines, knowledge rules and mission
objectives. Also, links connecting concepts represent relationships between
concepts, for example, the knowledge rules include the strategy rule base or
deconfliction is an event. Furthermore, it is illustrated by the concept map that
these key concepts contribute to definition of the functionality of the Mission
Strategist. That is, the Mission Strategist functions as the system executive, it
monitors the situation, generates mission objectives, and formulates strategies
which are solution guidelines. In addition, information and decision criteria are
identified at a global level. For example, the concept of threat avoidance request is
shown to be related to the Mission Strategist in terms of input for Mission
Strategist response. Information that is included in the threat avoidance request
and available to the Mission Strategist is also illustrated in the concept map and
seen as a subordinate concept to the Mission Strategist. Examples of such actions
are: the Mission Strategist formulates strategies or the Mission Strategist uses
knowledge rules.

Threat Manager

The objects shown on the Threat Manager Concept Map, Figure 4-2, that
represent system "things” or objects and appear as key concepts are threat, threat
characteristics, ownship vulnerability, and defensive actions. Attributes of these
objects are also represented on the map. For example, threat has the attribute of
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location, and threat characteristics has attributes such as transmission
frequency, type, classification, etc. The connecting links between the objects on
the map represent the relationships between the objects (key concepts). For
example, the threat has threat characteristics; a defensive action is based on
threat.

The map also shows that the threat, ownship vulnerability and threat
characteristics are the objects (things and information) that lead to a key concept
of defensive action. The interconnectedness of these concepts indicate the
functional requirements of the Threat Manager to assess ownship vulnerability
and conduct defensive action based on threat. Communication links between
other subsystems are also indicated. For example, threat definition, and threat
avoidance request information are both presented to the PVI for crew situation
assessment as well as to the Trajectory Manager for rerouting, if required. The
rest of the concept map of the Threat Manager consists of data and information
utilized in the function of threat management.

Another way of viewing concept maps and their contents is to note the number of
related or subordinate concepts that are connected to a particular concept. The
concept of threat characteristics has more arcs or links connecting it to
subordinate concepts and other key concepts, such as defensive action. At this
stage in the concept mapping process, the dimension of number of links may
reflect the fact that threat characteristics is a concept that impacts and drives the
overall function of threat management. This information should be reflected in
subsequent models of the threat manager and further impact scenario
development and information requirements analysis.

Keeping in mind that this stage of the concept definition was to describe the
subsystems at a global level, it can be noted that subordinate concepts on this map
address only a level or two down in the hierarchy. For example, the concept of
mission objectives that originates with the Mission Strategist provides the Threat
Manager the constraints that lead to defensive actions. Defensive actions are
shown to have two directly subordinate concepts of countermeasures and threat
avoidance requests with countermeasures being ECM and EXCM. If this map
were to continue down the hierarchy to address finer-grained detail, perhaps it
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would address rules or heuristics for utilization of countermeasures. As it is, the
global description of the subsystem provides an overview of the Threat Manager
characteristics and functions.

Trajectory Manager

The concept map for the Trajectory Manager, Figure 4-3, has two major
emphases. They are the functional requirements of the Trajectory Manager and
the data utilized to effect those functions. For example, the key concept of optimal
new trajectory is illustrated as the result of the trajectory generation process.
Also, there are three connections between the Trajectory Manager and other
ancillary systems in FM. One, the Mission Strategist, is seen as the control to the
Trajectory Manager in that solutions, changed mission objectives and those
mission objectives evoke the trajectory management process. It is also
illustrated on the map that the Mission Strategist produces cost functions that
constrain the Trajectory Manager. The connections to two other subsystems by
the Trajectory Manager are represented in terms of the Manager's output to the
Trajectory Follower and information to SA (PVI). The FM data bases have not
been included in the model as an ancillary system due to their role as an
information source and a communicaticn link between subsystems. However, it
is seen on the Trajectory Manager concept map that generating new trajectories
in response to Mission Strategist requests is highly reliant on the multiple FM
data bases for input. These data bases include: target prioritization data, map
data, terrain elevation data, recovery base data, weapon data, fleet target data
(offensive order of battle), mission waypoints, mission targets, and known threats
(defensive order of battle data).

The major concept of trajectory management, trajectory generation process, is
shown with a subordinate concept of has functions. Theze functions, of course,
are related to the optimal new trgjectory in that the functions will define the new
trajectory.

Once again, it should be noted that these discussions of FM subsystems as defined
in the concept maps, are only a cursory review and not inclusive of the map
definition. A more in-depth review of the maps will be the focus of user
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involvement in the concept definition process.
Pilot Vehicle Interface (PVI)

There are several significant concepts illustrated on the concept map for the PVI,
Figure 4-4, and they are displays, controls, decision-aiding, situation awareness,
and pilot. The term PVI is used interchangeably with the situation awareness
(SA) process. That is, the function of the PVI is to support the establishment and
maintenance of situation awareness to the crew and to assist with critical
situation recognition and decision-making.

The PVI interfaces with all the other FM subsystems, as seen on the map. In
most cases, the relationships take the form of the PVI being the recipient of
information from the other systems. An examination of the arcs (or links)
between the concepts reveals that in most cases, the relationships pertain to
informing or supporting, for example decision-aiding. Therefore, it can be
assumed that the interchange of information for purposes of pilot.’ rew response
is the major function of the PVI.

A noteworthy, dimension of the PVI concept map is the paucity of subordinate and
related concepts to the already noted key concepts. Herein lies the focus of an
Information Requirements Analysis. It is the information that needs to be
presented on the displays to provide the pilot or crew knowledge with which to
effect selection/ deselection and other route decisions that is missing from the
current map. The output of all other subsystems is potential input to the PVI, as
seen on the map. What remains to be determined is how that information should
be presented at the PVI level of FM. The information available to the crew
impacts the level of situation awareness. What is needed is knowledge regarding
the parameters of the information required and an understanding of what "good"
situation awareness is.

Trajectory Follower

The concept map for the Trajectory Follower, Figure 4-5, reveals a key concept of
flight control system (FCS) commands. These FCS commands provide decision-
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aiding such as steering cues to the PVI for management of aircraft controls and
options of flight control mode which could be manual, coupled auto-pilot, or flight
director. The functions of the Trajectory Follower are seen in the concepts of
tracks aircraft variables and notes aircraft deviations. Another concept of tracks
trajectory that was calculated by the Trajectory Manager confirms the
functionality of the Trajectory Follower. Indirect links between the Trajectory
Follower and other ancillary FM systems, such as the Trajectory Manager and
the PVI are notable in the concept map, as well.

IDEFO

The above description of preliminary concept mapping of the FM system provides
a foundation for continued analyses and definition of the functional requirements
of the system, both by knowledge acquisition and a structured analysis and design
technique. Throughout the next step (IDEF0 modeling) repeated references were
made to the maps. The maps not only provided information about the global
concepts of the subsystems, but also provided a test of the model’s completeness
and consistency.

The second part of our dual approach and the major focus of activity in defining
the FM, was a description of the system in terms of a data management and
information flow process. The vehicle for doing this was an IDEF0 model of the
system. This modeling technique, Integrated Computer-Aided Manufacturing
(ICAM) Definition (IDEFO0) is an object-oriented system descriptive tool used
primarily in the military and aerospace industry. A recent application of IDEF0
analysis was accomplished as part of the (CCCD) methodology (formerly Cockpit
Automation Technology (CAT)) (Anderson, Ever, Green, and Wallace, 1990). The
CCCD IDEFO0 modeled the weapons system development process as it pertained to
crew station design.

While semantic mapping provided a graphic global overview of the system in
terms of its objects, attributes, relationships and functions, the IDEFO, represents
a model of the system activities and data low. An IDEFO0 system description will
allow an examination of information as a sequential process. FM, viewed as an
information flow process, performs a sequence of activities with information
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used, managed, and output by those activities. Therefore, an attribute of the
IDEFO0 model is the ability to focus specific attention on information.

IDEFO, the military version of Structured Analysis and Design Technique (SADT)
that was developed by SofTech during the early 1970s (Marca and McGowan,
1988), is a decomposition of the functional and informational components of the
system from the top down. To be specific, the IDEF0O modeling process describes
the system in terms of system and subsystem activities.

The IDEFO model is a coordinated set of diagrams which illustrates FM from the
point of view of human factors engineering. The diagrams illustrate FM system
activities and interactions and data flow between subsystems. The model is a
description of boundaries, behaviors and substance of FM. The boundaries of the
model are defined by a single top-level box that is decomposed with subsequent
decomposition continuing until all activities are identified in a hierarchical
fashion. The IDEF0 analysis method was used to analyze FM in order to effect a
functional and informational analysis of the system from the viewpoint of
simulation planning and design of optimal displays and controls. The objective of
the FM IDEFO diagrams is to answer specific questions about what the system is
supposed to do.

An IDEFO0 analysis was developed subsequent to the initial concept maps
described above. However, due to the complimentary nature of these techniques,
several iterations of semantic maps occurred in parallel with the IDEF0
modeling. Each technique supported the other. FM IDEFO provided a structured
look at the system from the point of view of functionality, data flow, and
interdependencies between functions. Semantic maps were not constrained by
the structure imposed on IDEF0 system description, but instead allowed for the
functionality to be represented without inferences about temporal considerations,
data flow, or sequence of events.

Each IDEFO0 diagram defines one specific topic. For example, diagram Node AO,

Figure 4-7, defines the FM system at a top level. Each subsystem activity is

defined with its information input, output, constraining factors and mechanisms.
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Each box on AO will subsequently be defined at a finer level of detail. In other
words, the hierarchical relationships are illustrative of parent/child diagrams.
The parent functions are decomposed into 3-6 child functions or tasks. The level
of detail and decomposition that occurs is determined by the initial declaration of
the purpose of the model. The process continues until the questions about the
svstem are explained in enough detail to accomplish the purpose of the model.

The IDEFO model includes two graphic descriptors: boxes that represent
activities, i.e., tasks that are performed by the system, and arrows that depict
"things" of the system. The things of the system may be information, products of
activities, or rules, etc. These arrows, in addition to representing system things,
operate as connectors between activities. They illustrate the interdependencies,
represent feedback loops between activities, and provide coherence of information
flow through the system. The configuration of arrews to the boxes is a significant
factor in understanding the IDEFO diagram.

Arrows that enter the box from the left are input arrows. Input arrows represent
things the activity will use or transform in the course of effecting the task under
consideration. Activity constraints are represented with ¢ontrol arrows entering
the box from the top. These constraints may be the rules or data that define the
boundaries under which each particular activity occurs. Figure 4-6 provides an
example of an IDEFO0 box (adapted from Marca and McGowan, 1988).

According to IDEFO0 protocol (Marca and McGowan, 1988), all activity boxes in the
IDEFO0 diagram must have at least cne control arrow. However, it is not required
to have input arrows for all activities. If there is doubt whether or not an arrow
operates as input or a constraining factor, the decision 1s made to use the arrow
as a control. Two other kinds of arrows are important in IDEF0O modeling, they
are mechanism arrows and output arrows. The mechanism arrows enter the
box from the bottom and define who is doing the activity or by what means the

activity is getting done.

Not only do boxes have decompositions, arrows may also include several
components, and those components may branch or join other arrows as input,

output or mechanisms for activity boxes. Throughout the FM model, the
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mechanism for flight management is the FM System. Included within the FM
System mechanism arrow and branching from that arrow are the subsystems.
For example, Diagram A0, Figure 4-7, shows branches from M1 (Flight Manager)
of Mission Strategist to determine mission strategy, Threat Manager is the
mechanism for threat management, the Trajectory Manager is the mechanism
for trajectory management, etc. Output arrows exit the box from the right and
define the product of the activity. These output arrows will typically depict the
source of input, control, or even a mechanism to subsequent activities or feedback
loops to previous activities, thereby illustrating the interdependencies of activities
within the system. In addition, the output arrow may represent a system output
and be illustrated on the diagram as an output arrow (Ox).

The following collection of IDEF0 diagrams and narratives describe the
conceptual FM system for three levels of decomposition.

52




( This page left intentionally blank)

53




saseq

218p NJ Y3 03Ul 3ouq P3) 948 sajepdn uoljeWIOjUL [BNUIUOY PUB
‘paIndwod st 3ynos mau Yy ‘sAedsip 11dx200 U0 M3LD Y} ) paptaoad

SI SS2UIIEMB UOIIENIS "MaLI 3Y) 03 SPUBWLIOI 1072343 [013U0D
sAeidsip pug SaULWIIEP W W3ISAs 3y} Aq PaulIdIap SE J8AIY)
JUAUIWIWE pUE BIP3W U 0] asuodsas WaIsAs yu? 318 SIINSBIWIIIUNO])
‘KJ1A1198 W JO SINS3J 12331 }8Y) SM0418 IndIno dAl 31e 3I3Y ],

wasLs W4 24} SIALP 18Y] JU1B1ISU0D BUIPLLIIAC AYY St (mOLiR
{043U02) AULIJIOP [BANPE], "(MOLIB WSIUBYIIW) SINIDO juawadeuew
WA Yorym AQq WSIUBYI3W 3Y) B [apow ay) ut pajesisn||t st waIsAs
WA YL "ued 1ySig-a1d ay) ul djqe[iRAR J0U BIEpP 3IUT||AIUL

13Y3j0 pue uoijBULIOjUT 3BpdnN 12318]) pue }1B3JY] "UoljBULIOjU

SNJE}S YEIIIE ‘$105UdS Woly ejep Julwiodul PUB ‘SHULj UOIEIIUNWIWOD
‘e1ep uoisstw pauue|d Ipn|dutl pinod saseq eIep 4§ woiy Induj

saaraalqo

notssuw ystdwodde [[1m jey) sawdajests aeudoidde Yitm sjuaad
pauueidun 03 puodsai 01 ST yatym jo 3a1133(qo ay) ‘washs uruuw)d
uolsSIW piroquo ue se pajadap sty s133utdua s10101) UBWINY

30 aa3dadsiad ayy wody paquIdsap st WY ‘sAejdstp wnwndo jo
juauido]aaap Juanbasqns pue sishjeuy SJUdWANNbaY uoRWIOJU]
[IWIA 40§ uonjepunoy € apiacad {im (apowl 9y3 “UONppe uj W

Jo uoniuap (ENn3daduod ¥ AENSN| 01 ST [papow Y Y ¢ wodand ayg,

INSWIOVNVI LI DI'ld 0V

54




THAGWNN £-¥34NOH - Eul 0V FAON|
| _
ssaubUg IR UewnH Wsodmain
ubE\G N4
. ‘siskfeue sjuswiaInbal
! UOIBULIOJ {NIN 4O} UOIILKBD
Waouoo Asojesodxa ajesny| asoding
soppdn aseg epq <« J _
Aiopafes) ‘verd ‘ainoy €———— ov
fexdsq vs < g saseg €1EQ)
saInseall SN0 €— ]
PO o \
JOP3YH auo)
auupo(q rexoe |
T ] Nowvorand - OF 6 8 L 9 ¢ t ¢ T | ‘SHION
dIANTWWODTA
vauwed Ty 14via ‘AdN wawabeue Wy a08IBIIS |1 )10 ¥d
: 0 ‘0Rd :
XAINOD | 3Lva ¥aavad ONINIOM 1670 3Lva ) PIOWELD O9d HOHLNY 1v a3sn

L. —_ _—

55




‘1amojjod A1032a(8i], ‘wsAsqns ay) Aq padeusw s1 ApA1PE SIY],
‘1998uBpy K10993(84], 3y) Aq pauyap yjed ayy Ay 03 ‘yo(idojne io

(enusw ‘spuswiwod K8|dsip A1030a11p Y31y ay) apiroud 03 sjuawalinbas
13mo|jog K1032afBa], 3y} s103jau (GV xog) L10303fe1y moj[og

"pa1d3y)a aie sasuodsas pue sjudwalinbas uoljBUIICUL MBID
ay) 18y} W 3Y) JO [2A3] S1Y] 1B St | 'SAALIE [Ad 10) WSIUBYIIW
ay) se pajuasaidal st ss3d04d yg§ ay], Juswadsusw Jydiy 3978138

JO sjudwaiinbal §53201d SSAUIIBMB [BUOIIBNYIS Y} SJuasaLdal

11 puB by xoq wiea3v1p Juaied W4 Y} Ul pARBIST{L AJALE YN0

3y} st 3dvpajui 3I1YaA jo[1d Jo JuawadeuB "AIA1308 S1Y) 10)
a|qisuodsal wajsAsqns Y3 st ‘wAsAs ‘mours T Y3 jo Youeuq 1a3suB
K10y03fea], 3y, "9s4n0d payndwos 3y} Juo[B YBIIIIE Y] [013U0I 03
13moj|od A10793fB.1], 3y} AQ 3sN 10§ SPUBUIWIOD [04JUOD YBIILIB WY -[BAL
sa1843uad pue sau0}09fe1] |RwIjdo pus 351BOI §31B[NOIBI (LY XO()
juawadeupw A1003fal], “1EaIy) 3Y) 0) Isuodsal Ul EUOIIIB IAISUIJIP
7292 pue ‘uotjesado Jo apow 1BaIY) ‘ssajdweLed 18aLY) UO paseq
‘§1)S1191081BYD 1BILY) SAUIWAIAP ‘moLiB WAISAS N Y} Jo yousviq ®
‘1adeuBly 1831y, 24} £q payst{dwodds (Zy xog) judwadeusur 1BIIY],

56

'y xo0q £31A1308

ydnouy) 1y xoq £)A1308 woly $59201d ay) Inoy3noryy snonuijuod

218 sBpdn aseq BB (UOISSIUL B YIIM PIIBII0SSE saijjsuad pue
yoKud paatadsad ay) 48 sUOIIOUNY ISAY]L) ‘juawadeusw K10j03leu)
pue JudwadvuBW }BIIY] 0} ${013UOD §B PIZI|IIN 318 O5[8 ‘duwit)

pus 1503 ‘suctjouny 3a1333(qo uoisst ‘weideip ay) uo pajuasaidaz
318 J8Y) $3559004d 13470 [[8 03 [043UOD saptaoud 1y wodj ‘dwn
waysks ynding jaw 1 63AIqo J3yj0 pus Suiwry jBY) 2INSSB 03
13p4o ut $3553304d 13Y10 SIINIAXI JBY) IANNIAXI wNshs Wi Y3 s8
SUOIIUNy ‘[ MOLIB WISIUBYIIW JO Youviq B £q pauasaidas “)s13318419
uoISSIy Y], () A1019ale1y mojjoy pue (V) IAd 2Y) 33BuBW ‘(EY)
juawadeusw K10j22le1) (ZV) Juawadeusul 18aIY) Y(TV X0q) A3a184)8
uotsstw dutwidjap :3utuue|d vorssiw PIBOQUO IWI}-[BIL UL PIA[OAUL
suotjouny JofBwr 3AYy aie a1ay], ‘sjuduodwod waysAsqns dyrdads

3y} Jo S3INQIINIB [BUONIIUN) 3Y) S8 PAUYIP v SIAYAIPIE W4

Wd OV




HTANNN 8- ¥ 3HNOl w4 AL ov ‘3AON
N B wasAS pH
Mmoo Liopsles | d,_ sbeueyy ﬁmzv. SEORIS :QmmEJ.
I S T TN )
gé o o g (%L.\' - I i - bogahh
sopay3 o) | | v R ) -
80
o o Kaoalel], N Lomarsap
MO[[04 - AIOOAIS NBKD N
7'y v ] )sanbai abuerp aina
4 _ﬁ = ) 3o oo !
oo ‘ ~
Aedsg vs 1 IAd Y el
R% B —~  adeueiy = a0
uones , - ﬁ’i; . ——
eundos A H Aidioofes wauno
uognyos | ] tv € — L L sas5eq ele(g
fewgdo o g ¢ 8‘ j j a
uauraseueiy €—
o< d Sinou £ fi ¢—
Aiopsfen)'ued ‘aioy - o109lel], - « } \
05 WX a % a % bau saupprone j2ai
85&_ aseg €rqQ p sEs WO
e N T 1T 1T EuEuma:uZ Y,
o< o B B eany L aa
SaINSEa JOLNOY) Jsarbay B
*’ 00 _ v )
s L m@um T w uw....u! Adaeng 94—
N I I N O A S - UOISSTA o
> UBURISAS N g U] |-
1500 %992238:8&: i 0
L | N
O SuaA]
I I o . suupoq eae | T L o e
NOLLYOI'T8Nd Ol 6 8 L 9 § + ¢t T | :SHION
AIANTNWNOIFY
= uesdy 14via ‘AYY wawbeue O8I 03RIS - [ H31()ud
SLXALINOYD 41vda YIAvaId ONIIAOM ] /71 -Hva o - RIOMESD ‘a8d  “HOHLNV ‘ 1V adsn

57



(SO) s1sanbau
aduByd aIn0Y 'ssad04d uoryBzijioud styj 0} [043U0d s 3jBIado
‘(1) 2ULI320p [BII1IB] SB [|9M S8 ‘[ [y X0q WOoLy Jndino uotpuny
1502 puB 9A1103(q0 UOISSIY "UOI}BWIOJUL SIY) UO PISBq PayoA Ul

18 ‘wasAsqns 3yl ut apisaz Yarym ‘swyjriod|e uonyezijrioid
29nealS puB 351331BIIG UOISSI Y] 07 UOIIBLLIOJUL apiaotd

sajepdn aseq B1B(] 19W 318 WIISAS Ay Jo saA1algo Surwny ayy

18Y) 34NSSW 0] 19p10 UL $UNII0 uorBzZIIoLd "$3ssadosd Ausjjidus

A JO uoINOaX3 W) B34 SW4oyIad 1513971841G UCISSIA AY) ‘3A1INIAXI
wANsAs W Yl SV AJ1AL108 10 x0Q paryy 2y) s8 weidvip 0 Jq(11 Y]
JOo [y 3poN uo paddap st (g1y) s3ssadosd 3INIdXI puv AzijLioL g

20 moure ndino ‘aseq BIBP W Y3 0} s3jepdn

s8 paptaoad £[snonurjuod 3ie sa13aje1)S pur $3A133(qo UOISsIW yjog
‘ug|d uotssiw ayj 303 3 ABW 1BY) JU3A3 pauur|dun 3y} 03 asuodsal
ut suotynjos June1auad oy saulfapingd aa[oaut pajeIdU.T suoyn(os
pue §31831843s ay], "I51391811G UOISSI|A] Y] AQ PISSISSB alB

A3 s8 sua42 pauue|dun 0) SUOIIN|0S puB $3139)B1JS JO ULIIB|NLLIOY
d0§ yndul 3seq BIBP |BUOI)IPPE 348 B)BP J0SU3s p 18 A10323le.)

[8qo(d Juauind pauuejd-aid 3y) ‘Bj8p uoissiw ‘sajns a3pamouy]

(€1V) sassadoad jJo uoniaxa

pue Juizijuond pug (Z1Vy) suornjos pus s318a1B1JS JO UOIIB[NWIOJ
JO s3NLA11IB 3Y) 10j [0JJU0D s® pajudsatdas st moasw Jndino sy}
‘uonippy up juawadguswl £10303f81) puv JUaWSBUBLY IBIIY]
40§ M0J1® [017U0D B §B [3POW 3Y] Ul Pa3IL s1 ‘(F()) ‘UotPuny
3A133(qo uoissiw ‘AJIA1198 UOHIBNYS J0jtuoWw ayy jo jndino ayy,

'$U0130UNy 15139781)1G UOISSI JO UOITBIHIUL 10} }SA|818I

B §B 9A43S [|IM JU3A3 dyrdads B j8Y) §1 wsideIp ayy uo pajBIIpu! St
184Mm puB uoIssIw ayj jnoyadnosy) ssad04d SNONUIIUOI B §1 UCLIBNIIS Y]
Juuojtuow 18y} PIIOU 3q P(NOYS I ‘19AaMOf 'ss3304d 39310S1p

8 aq ABw uonpenyts ayj Suwiojtuow IBY) s1sa33ns 1513938418 UOISSI
WJ 343 jo [apow 0 J (] @YJ, SUONIUTY 15FNBIIG UOISSIN 3Y) puw
WA 238131ut 0 snjaduit 3y) apiaoid ‘11 Indur ‘sjusaa ‘uolippse

U] "¥jep l10suas pus ‘L1033(81] [BQO[3 JUaLIND ‘BIBP UOISSIW

‘sa[n1 93pamouy ;sapn(oul xoq AJ1A13oR s1y) 03 Indut Iseq BlE(]

‘AIUBPIOAB 13)BIM ISIIAPE pus

suolyBzntionud 193487 ‘UoljBZIWIULW 1831YY ‘uonyBziwildo ‘dduBl 9Ny
J4oddns 07 suoinauny £10303(81) pur 1BaIY] 10) $3A1393[Q0 UOLSSIW
21813U33 07 pu” $IUIAI padradxaun 03 anp uoissiw pauusidasd ay)
W04 SUOIIBLAID SSISSB PUB 10U 0} uotouny I5KdIBING UOISSIAL 9Y)
$393Qad ‘uonBNIS 10YUOW [V X0f AJIIE1S UOISSIW FUIULIIYAP

07 [apow ay) ut pajuasaidal 31 SaNjiA10w I3uY ] SISB] BIBP W4

Woldy BIBP PajBpdn puB S1UIAI UOISSIW 0} spuodsat 18Y} waisks Jaadxa
W1 PUB 3A1INIAXA WAISAS AY) S8 SUOIDUN ([ A]) 1513918115 UOISSI Y],

DALVHLS NOISSIIW INTIWHIALIA 1V

58




6- v 3HN:

A8aeng vorssipy outuudaq ‘4 LLLL

4IAWNN
o ‘ T " SOORIS UOSSIN
W
e _ ;f
sanbay ﬁ
abuerp anau v
D4 —{ $3ssa%014 |4 .
awn washs aIndaxyg ad
AHL pue aznuoud
D
7 S
Y
uyv
Loh am ~sanes | suounios
Su.Y08 . /s31351en8
ﬁ Jrenuuog
sapepdn aseg eeq
Ot
(o) N
UOIoUNy BATDBIQO UOISSAL
N N
J
|
9]
_ R e _suuog jeae]
o NOLLVOI'I8Nd L
O
CJ - AFANINWOITY
0 - uauwady LAviad ATY
IXAINOD  |3lva NELEL ONIHOM | ter/1 HLVA

—————

lLB

v ‘9AON

Aiopofen
reqaib uauno 'eep
U XSS ERP JOSUdS
~4 1
_N sased eieg

v

v

uonenig
J0NUON

L=

5

bas souepioae IE3R|)

oL 6 8 L 9 ¢ ¢ t

N~ a
ua
NOOABS MAD

a
153nbas abueyp anas

I SHLON

SRRIONE!
oOMEID '08d T HOH.LNY

AV aash

59




‘uolyBsuaduwiod UoIPPUNJ{BW JjB1LIIR pUB

sjute1Isuod awty ‘ueld 3ydiyj pue 19318) ‘92UBPIOAR 19Y)BIM ISIBAPE
‘uonjeziyuolud 333187 ‘UonBZIWIUIW J8BALIY) ‘uonjeZiusjdo

3duei3ny jio0ddns 03 suoKIUNY AAA(Go uoisstw urjeaauald

JO 1BY] Is13a98.11G UOISSI]A 3Y) jo Juawaambal uo1duNy Jofew

8 53s$31ppe ‘uolien)is Jojtuowl ‘I1y 3poN uo xoq KILAN0B pity) ay],

‘M310 Y] Aq JAd 2Y) I8 Pajeniul ale 1BY)

s3sanbas sdueyd 2jnos pue 133BuBy JBAIY], 3Y) WOLS PI 13334 Jsanbads
3dUBPI0AB Jealy) a1e A3y) pus uolyBNYIS ay] SurpieSa. uol)BULIOJUL
jeuoniippe apiaoad 18Y) ZITV Xoq 03 smoue Indu: 310w oM} aig

319y, (ZI1V) JUWISSISSE® UOIIBNS Ul }5LIFFBAIG UOILSIp] Y] SIAIIS
uonjejardidjut BIEP UOISSIW 3Y) UO PISBQ UOITRWIOJUT 14BYNSAL IY,

1$139)e.11G UoIssI Ayl Aq pazijin aie A10)0alesy jeqod juaino

oY) pue sa|na adpajmouy ‘eIep 3sayy 131d1ajul 03 13p10 Ut ‘uCpppe
U] "3111Bq JO 13PL0 IAISUILO 10§ e8P 19848} 333} pue vIBp uodeam
‘818p 958(Q 1940334 ‘B8P UIBLLI) ‘g18p dew ‘BIBP uol}BZIjLOLId
1984e1 jo ApuBwiud 31Stsu0d |(im 3sBQ BIBP AL Y7 Wouy

I1daje0)G uoISSI 3y} 01 Indut eiep uoIsSIp (E£11V) $3A1323fqo
uolsS1W 371BI3Uad pue (ZT1V) uUolIENIS $SIsse (J11V) BI1BD uoIsSsiw
194dudjul 3s13ajea}g uotssijy ayl Aq uoyyenyis ayj Jutiojuow ypm
P3jeId0sSe SIYALIOR 231y] S[BIA3L [y X0q JO uorjisodwodap tayunyg

NOILVALIS HOLINOW 11V

60



“zmmEDZ_[

Ot - ¥ 1Ol

uonenig Jonuop “J4LLIL 11y ‘3AON

KO3RS UOSSIN
W

A

UaIRUNy SNP3AO LOSSL v
nd—— uonoun,j
24023[q0

——

AeIIUID

DE— J | uonenig
sappdn aseg eieg SSasSy
e
(9]
auRaQ exoe |
] wouvorand| |
O - AIANTWNODT Y
- ueuLady ldvid ‘AY
LXZINOD  |3lva J3aviay ONINAOM e/t y/1-31va

Aiopafes) eqoid wauno
'safru abpaywoLD| ‘BEp UOISSIL
»

. 9
[ @

Y

‘bas souepioae jeang

1senbay abueyd sinay

\ m

A 4
v
e 3
> ———— i —————— #
OQBLLIW UOISSIA -
191dadug
o - uo
MODNIS MID
0L 6 8 L 9 € ¢ t T | ‘SALON

1.03M0¥a
popmes) aad (JOHLCY

1V a3asn

61




‘uonynjos ueld ajnos ayj Juiyepdn 1oj sauyapind uornjos djelauadd 0}
151337811 UOISSI]N 3Y7 JO AINALIIE 3Y) SII0U (YZTV) SOLIBUIIS
9je13uad ‘Z1y IPON U0 paquIdsap xoq AL Yunoj ay,

‘saAtd3lgo

uoissiw 3y) 03 Buipaodds ‘sdunydtem Jjo-apea) Isay) jo NSl € sB
paulwiajap aie suonnjos [Bwldo 3y, 'SU0ISLIP jjo-aped)

3y} JO INSAL B SB SINII0 (£Z1V) $10308) Junydiam andwo))

‘suotjauny 3andalqo pue
1503 puUE BJEP UCISSIW JUILIND U0 PIseq St ‘s1djawuted
UOISSIW U3IMII(Q S}JO-IPBLI 3JBN|BAS 'ZZ 1Y X0q ANAIPY

(1D) uotjauny 3a1323[qo uoisstw
3y} Jo JuiBL SU0d Y3} Japun uodn pajoe 21 (F]) s1uaad utolduo pue
‘(£]) UO1103[aSAP/UOIIB[IS MALD ‘IAd 2Y1 (Z]) 1s9nbad adueyd ajnod

1a8euepy Kiopdalel], ay)y ‘(11) 15anbas aouepioae je3sy) ‘1adeue |y
j834Yy ], 9yl woiy sasuodsal ‘ajdwexa 104 “damo[jo] L10323(el], ay)
pue ‘[Ad ‘49dvuepy Ar01d3led ], ‘asdeuBy 1BAIY], Y] (1Z1V) suonduny
WA 13430 Jo sasuodsal s31BUIPI06) 151391B1IS UOISSIY 3Y)

‘satdajel)s ajgnuiiog 0, aseq BIBP WA Y Aq 1513938135 U0ISSIY

ay) 03 papiaoid aie L103sa(e [eqo(d JUaLIND 3Y) pue BIBD UOISSIW
‘sa|nua adpagmouy] Juawadeuew jeasyy pue judwadeuvw A103aafey soj
saurpapind uonnjos Juidojaasp jo Juswaainbai uorouny WIS
UOISSTJA 9y} 31BIIPUL JEY) Z1V 2PON U0 UMOYS 1B S3aXCQ AJATPE Unoy

SNOLLIYTOS/SHTOALVILLS HLVHIINHOAS TV

62



) - P 3HNOLH
AIIWNN suyonnjos /sardaeng aenuuog ‘4 LLLL Z1v ‘9AON
1LIRRUS VOSSN - ‘ B
A0S AR 4
HAvtlir|| i St o — e
SOLIRU2S o elep uassty ‘Aopofel &0
ﬂ 31e13U30) 4 S
v
SO . S A
S101084 ePp LOISSLU ‘BIPP JOSUIS 'S3YU a0pamouy
g unydopm
anduio)
A A W
ot— T ¥ Ty
saje xin aseg e ﬁ’ — e
I R S . SJIO-3pri]
Aen[eAs]
A A jsanbay abueyo anau
o - : a
v - R
ﬁ asuodsoy - - A3
N S N : . T T,
sinsa uotdung o a
ARUIPIOO)) - L0GOAASIP
\_ ) A AIOBIS MBI
4 0 i
BULOOC 1BPE | uapuny aNpH .y bas souepioAe 1eanyl
- NOILLVOI'Ig(1d B Ol 6 R ( 9 ¢ ¢t ¢ ¢ 1 -STION
- AHANTININODTY
[ ueuadmy ldvaal Al SIORI[S}:R!
LXAINOD 1lvd JyIAVvIY CZ_.{_xC}»— 1y o/t Lva PIOMELD) ‘08 MO LY IV 4380

63




s1adguspy L10303(B1], pus 1BALY ], Y] uI0A3 10) §8320sd |013U0D B §8
Sunyeiado uoijouny 3A1303(qo UOISSIW Y] JO IIUISAIC 4Y) $3}BIIPUL
(1D) MOLIB [04JU0]) 'UOIJBULIOJUL SNYB]S WISAS YIM Mb10 3y) apuoad
01 wNsAs (EL1V) 1Ad 2Y3 3unsepdn ‘Ajuanbasqns pur (zc1y) s3nod
mau Jurjeiauald ‘(1¢1V) 1831y} BuiBBUBW 10) SWRISA3( NS A1B|[1oUB

3yl 30A3 0] 3|04 535132181715 UOISSIY ay; 03 s)Bads g1y APON

SASSIAD0Ud JLNDIAXI ANV JZILIHOIYd €1V

64




AAYINON ¢k~ ¥ 3Nod $35523014 MN30xq pue aznuony -J1LLL m_< umooﬂ_

o 2 e BOSRIIG UOSSI

4]

g WworsAs
OA<\ s

. A LTINS
1438 I
L 3ruew 4
..... 1 Kooolesy, o T T T T T T T Y
%oAg TN
- A A
sorbi ._1:%
sbuep e - , 1a3euBiA L a0
8‘ o - o T T ~ :;D.—F— o I
Iy a
) (RN |
Y
9]
@ LIOROUN BNBIQO LAWY
BUUIOOQ) IENDE |
| NOLLYOI'gd O 6 8 L 9§ £ t T 1 S3ION
- g ﬁ JIANTNNOOTY
o uawady Livia AHY . 1H10Y¥d
— . 0 g _
AXAINOD | 3Lva J3avay ONIXHOM tvey/1Alvad IOWEID 08d  wominy v a3sn

65




(20) 3seq

7Bp 2yl 0} sajgpdn 03 uollppe ul (1)) ‘Mal1d Yy AQ 1UIWISSISEY
uonBnyIs 10§ Ad 0% pajuasauad st snygys WOH pus WOXH 133suBpy
18314, Aq ‘9jBradoidde uaym ‘pazijin i §3INSBIWIIIUNOD IIUOI)II)D
pue saunseaw1ajunod sjqepuadxy -juswadgusw §3INSBIWIIIUNG)

s Jadwuepy 1831y ], 3Y) 40j §|01IU0I sB 3B1ado (Z)) Fwn)

wajsAs pue (1)) $341123(qo uoisstw (g))) 2ULIDOP [BIPOB], "Jadeuny
18314, 3y} Aq panssi aq Kews (g) 1sanbaa adouBPIOAB }183IY) B ‘S NS3L
uo11BIYISSBII JBaIY) 3Y) uo 3urpuadaq -jBaIY) JBY) AJIsse|d

01 pu®B SIS1X3 1B3IY} B 18Y) JUILLLIIIBD YI0Q 0} JIPI0 Ul PI}BN|BAI
stJndut sty], ‘®18p 10SUIS pus '(183LIY) jo Julivaq

pus apow ‘[aaa| ‘2amod ‘Kruanbaty) INI'IA ‘183141 sapnjoul (11)

aseq B18p W 24} wouj Indut ‘s213511392818YD 1831Y) JUILLIIIIP 0] 13PIO
Ul (E£ZV) $2INSBIWIIUNGD sadeuvuwl puB ‘(ZV) A1|1qBaauna diysumo
sassasse 3831y} dn-dod ayy sayyissBd ([ TV) S21514379818YD

183JY} SAUIWIAP (] ‘MouIB wsiuBydaw) 1338uRpy 1834y Y] 'saxoq
KI1A1108 331Y) SMOYS (ZV) JuawadsuBpy 1831y 10j [3pow QA Y.L

LNFWHDOVNVIN LVIUHL 2V

66




£y 3-NOd

AIAGNNN wowddewey yeary ] -4 1LLL v ‘4AON
o R A
W
e u N
ﬁ -
‘bay souepione eaay) v _
n< ———1 awodeue|y [E— - e S e s \
| somseaw | g SUOHPUCO WALND EsIY)
‘/
Jauno))
STeY: NO3
Sh aneuds ‘e
B 2N S BED
v ) U JOSU3S learfl  INIM3
t uarasssep Lmquadunp . T ﬂ\ N H
V\z:\lisi pueeary | T T I saseg eEQ
Apssery 7 )
sajepdn aseq eleq
D€ n T SUSURERO 4
B AN
1TV
\_ ausudeIRy) ¢
) ol
radL ™~ Asopales wauno
AUTUUAA(| 4f
2
8]
am |
9] ™,
UOoUNY SAAAQO LOISSKU auulO(] (B E |
0 NOLLVOIdNd Ol 6 8 (9 ¢ t ¢ T | SIION
! 0 AIANTWIWODHY
n 0 usuadmy 14vya ‘AdY IREIRL R
LXAINOD JLvda yIavIy ONINHOM | teor /1 A va Eo_z@w,gm& z::__%,r H_ v asn|

67




‘waysAs INITH Pue YmMY

wouj Jndut eiep Juisn 0s $I0p pue PeIdIIe 3Y] 0] UONIB[AL UL (F1TV)
JeaLY) $31820| 133euRy 1B3IY], Y] ‘Ajjeuly '3Iseq BIBP BYj Wolj
19deuey jea4Y], aY) 03 Indut aie vyep 3saY], (sa(y 19j3weied INNWI
ayy aJe myep LNITH) wasss LNITH Y3 A4 pa1danap eiep ¢1sadiajm
193vuny 18aIY], 94l (E1ZV) 1B31Y) AJ1Iuapt 0} 13pao uf I|qiwiwel

10U 10 jqewwiel 318 s[RUSIS 3Y) 13YId3YMm pue saUINbIL uoINSTUSURL)
‘39ue1 ‘ad£) 10SUIS 10 JEAIY] JO SWII) UI (ZIZV) SI8aLY)

saziiodajed 1adeuey 1834y ], Yl ‘patdaI3P St doudsald 3831y 3Y) AdUQ
“Je1IIte 3AISUILO 21397.1}S AQ SN Ul SWISAS BIBP 10SUIS 13Yj0

pue YMY 2a1ssed Aq paidalap aq ued jey; SUCISSIWD 18a1Y) ja1dinut
01 Aprqudes 1advurpy 1BALY ], Y3 S109J3L (11 TV) 183141 39313(]

SHLLSIMALOVEVHD) LVHIYHL INTWYELIA 12V

68




L.

YHAWNN vi-¥ 30O MSUTIEIRY,) WAL, uruuna(] A LLLL ~ 1zv 'HAON]
T T T T T T - I hgmiﬁg T T T T
W
o o e~ e
Aiopotes) wauno
- - i
ey . B T =
2804 INMB ¥
Y
€1V
- T T T — S S S B Q) brs e
- jearyy, w._EE._ ep
Ajnuap| INB J05U3s "B INIT3
S Y e 2
Y
v
SNSUBPRIELD e
OAt]\L T T o T T EU.—L:F B
szuodae)
ey
fv aauasaxd way
1PN
0
L . o . __awpogqerpe] o ‘ L
o B NOLLYOI'19Nd Or 6 8 L 9 ¢ ¢ ¢ ¢ 1 SALON
) RETNE LI ORED
] — ‘ A 13108
ewed ™y LAVHO ‘Add _
- - - LV A RIOMESD) OBd  yOH.LNY 1v a3sn
UXAINOD  [3lva d3aviy ONINAOM | lo/pe/1 L o

69




(¥TTV)

$SIUIIBMB UOIJBNIIS MaId 10j JAJ Y} PUB aseq &18p 3Y) yanoay)
151897841G UOISSI|Y 3Y) 0} DIAB[3L §1 UOIIBULIOJUT S1Y] ‘PIUIWIIIP

318 SUOIIBIYISSB[D 18AIY) Y} 3dU() "UOIIUYIP pUB UOITBILISSB|I
7831y} 10j UOIIBUWLIOJUL 131Ny s3pIAoad (£3ZV) AYijigeBiauina

diySuMO JO JUBUISSISSE (BUOIIIPPY "YIUDB[ 10 *}IBA] ‘YdIBIS 13q Kew
uorei3do jo apows 1834y} Y], ‘BIEp Indut awes ayj Julsn pauIwWINIP
S1(ZZTV) 2powl 1834y} ‘UOIIPPE U] (panurjuod st L103d3le.)

panaalord ayy jt adofaAaua (BY3I3| 3yl 1aud [{im diysumo uaym juautwt
st 9] 183143 3yl jo ado|AAud [BYII[ Y] 1)UI 0] INOQB 40 ‘UIYUM

st diysumo Jt 1831y MBIPIWWIL UR S11BAIYI V) (3jqewiwel) j8a1y)

OU 10 ‘JUBUIWIWL ‘IJVPAW WL ‘St JBY) ‘92.13Ap JO SWII Ut PIYISSBP
a1e s1@a1y], 1a3vuBpy 1831Y], ay) AQ (12ZV) 18344} JO UONIBIYISSBII
M0|[8 184} UOIJBUWIOJUT JO §324NO0S Y] 318 Isu(Y BIBD W Y} Wwolj
ainjeudis diysumo pue '81Bp 105Uds "ENITH $211SUIBIBYI 183IY],

ALVHHVHANTNA ANV LVIHHL AJISSV L) @2V

70




i 38N
&52:2_ 3N A
e e
W
\ﬁ:i»f[ - S TN
Y I
IAd I
/ lop uonwyaqg ("
1e2IY | puds
A
. A
£V S _ _
Anpquiauinp I -
sers Angeourn | AIUSUMO. -
SS3SSY
wv
UONEDYSSETD apall PO
183l
O‘!lk»'\i:il\.l S _ ~ . »ilil~ YL
QUNUN(]
- N e -
UOIBXYSSED
\ . .
A
0
3UUO(] [EXRR |
| NovOrisng ‘
tl - T ] aHaNIWINOD
(] ) uLedTy | LAV A
AXALINOD  [ALva JFAvRi|  ONIYHOM e/ vas

ol

Aopales) wauno
———— a
e e
aeubg eiep
J05U3s AR INIT3
S o S Y
_ . Ba)
— ™
. A
1TV INY
Y
- wany, ﬁ '
Lpssep) SNSUIDRIUS
6B L Y sty O SHIENN
LorOdd
owesD 08y HOH LY

Anpgeaoum p pue ey g Apissey ) “4LLLL

v CHAON

IV s

71




‘3seq elep WJ 941 ul pajepdn £jjenujuos pue JAd Y ] JUas Sl
UONBWIOJUL S3I0)S DX PUB snjels WHH weidep 3y) uo mosie
§oeqpasy A1tA1303439 3y S Uaas st se ‘sysanbai saueploae jeay)
3uinssi 10§ 1ndut se paziiIn st A31A13994)2 18a1Y) JO UOIIBWIOJUL

3yJ], "1Baty) Yy Jo (pEgy) SNIpud (|13 Y3 JO SWi3) Ul PAULWII}AP

st ANA184J9 1BAIY ], (£ETV) (INDXH) seinseawrtajunod ajqepuadxa
JIVAIIOR 0] PUB (ZEZV) (D) S24NSBIWIIIUNOD I1U0IIII|I JBALOR
0} a1e suojdo piy) pus puodas I1sdIILAIG UOISSI[Y 24T 03 ({£ZV)
15anbal 30uBPIOAY ULy} B INSSI 07 S13U() "VIBP 1¥aIY) 01 Isuodsal
ut 30343 L8 133Uy 1831Y ], aY1 1eY) suoljdo aasy} a1e auay],

INAWHDVNVIN SHINSVIWHILNO) £2V

72




]

LY a3asn

B EL| 2:2? S 36N wowoddeuryy saunsedw 1uno) - LLLL
T T o N o 13oeuey eany | - T
W
Aynaye- Y S . ﬁi
wcagncootw:a.ﬂ&ﬂ
snipey (11
QUILLIZL
ULIR1(] swEs o
 woa N
1| wWoxd T N _
JleANDY _
SaIs WOX3 q ey
STE WO T o I
O‘I’. e~ Al\llll’lll.\l\l S — Erum
AeAndY
e f
ey
bas souepoAe 23U 1s3nbay f -
H%. oo T o B DUEPIOAY
1BIY | ANsS| _A
. 4 H
0 Y H
auj
uaIUrNy 3N3KQO LOKSSIU O 8uupoQ [eMpe |
- NOLLYOI'Id(d OF 6 8 L 9 ¢ ¢ ¢ T 1 'SILON
) JIANTWNOITH
(i veuadny ) 14vad . A LO310¥d
AXAINOD  3Lvad NELEL ONINAOM lo/rg/1 ALvYd AIOMESD 0Rd - JOHLITY

73



‘wNshs ayy Aq asn 1o0j pajepdn

318 saseq BIBP aYy) ‘swIsAsqns W AQ paIeLauad uonBwLIO UL MIU (B
Y sY TAd Y1 JO [9A3] Y] 1B uoistdap 303fa1 4o 1dadrde ue uo
juadunjuod st ssadold Juawadeusw £10333(81) ay) J8BY) pawInNsse S1 I|
‘ajnoa jewnydo mau ay) uo paseq ‘(gEy) pareiauad are spusBwIwod
{o13u0) ‘3sanbai 33uvya 3nos B 0} asuodsaa ut ISIIIIBLIG UOISSIY
ayj Aq 1a3eumpy A10703(81], 3Y) 03 paptaoad aig suoIINjOS AIBPIPUBD
[820} ‘uorjippe u] ‘paepdn A|snonurjuod Julaq st 18Y) JUIWIUOILAUD
|BWI3)X3 3Y} PUB $IISLIFPOVIBYD YRIIIIE JO BIBP [BUOIIPPB UO Paseq
st anou yewnydo sty], (Zey) A403safesy jswirydo ue 3ndwod 03 st
weiJuip ssasoad Juswadvusw £10103(81) IY) U0 UMOYS AJIAIIOB IX3U Y],

"9IN0L ISIBOD

mau 8 10§ 193suBy A10303lBa] 2y} Aq paziiin Byep 3y) sapiaoid ‘ejep
uoisstw puB ‘A10303(847 pauuw|d-aid sapnjout 18Y) Saseq BIBP WJ
wouy nduj ueyd Jydiy-a1d ay) Jo Hed 3aq Aew pus 1BILY] SIZIWUIW
18y} yovoadde d1sunay pus paseq-3jnd 8 st Juawadeusw £10323813 jo
[3A3] S1Y) 18 pajeiauad anos ay, 'ssa2049 uoljeIIU3T IIN0L 3SIBOD
3y} 10§ sjuIBIISUOD 3ptacad ‘(1)) 3w} WIsAs S8 [[am s (g)) puw

Z0) 151831811G uoIssijy 3Y3 AQ pajevaauald suorjdauny 3500 pus aaNdalqo
uotssipy ‘sisanbai adueyd 9)noi 0} asuodsas ul pAyBIPUL SI (1Y)
uotyB13uad ajnod 3s180) ‘sjuswainbal asoyy £js13es 03 1apLo uj
‘u011831ABU PAdIUIIFJIL UIBLIA] PuB ‘uonBZILIIdO 3Ny ‘UONANJudAp
‘32UBPIOAB 2]IBISYO 'IDUBPLOAE JBILIY) 'IFUVPIOAB/FUIMO[|0) UIH1IAN

: 31y jJuswadsusw 107030817 W JO suawambal [BUOIOUN) Y],

LINAWIDVNVIN AHOLOUPVHIL £V

74




YHIGNNON ot-v3d wawddeuepy Aoafer] A LLLL v CJAON
[ i e
W Kopefer
NN .
lh' |
_ e BPAW QU0
£EV ] - o
tHodt—- Spuewiwo)
Sness - -~
‘SPUBLLALIC ) QQUAD ——— [onuoy STUETS SOI3A
ﬂ J1eIdUIN)
A A
Aopaled
‘ueid ‘9
Logr10s ed ‘aina ) 4 saseg eleQ
ado NN I 4 4 B
JeuLl Ko19(es T © wawuas alka ‘Sousua ) a
D« ey, L _ BwLIaSAUS [ewsa) ISUBIRMPYO 08
D ——-—— [rwndg
Awopafeq wauro |~ — - 1 gindwo)) T .
— S
oGNS
Al o
saepd aseg eleq 91800 W
o€ A | e L. Aiopates) wauno
e il S A et uoNBIAUIN) 'E1BP UOISSAL
JMNO
SR N S SR . | omoy o
. _ 38IR0))
ued ‘ana : e ‘
N I - Ww sanbay
N % . o N oo a6 r Yo 3Ny
T Uiy oo 2
v 0 o) o
U0 [eME | AL WIISAS 500 UQIDUNY BNEIGO LSS
B T - :\L@:..‘«u‘_‘._m:m_ B o 0 6 8 ¢ 9 ¢ t ¢ T 1 SHION
O AAANTNWODA
= B T Uawwedy TAVad AN LOHION
JLXGLINOD | ALva Aqavay CONDRHOM || loty/1 Hiva RIOMEID ‘03d - HOHI NV ARERAY
L - e —— - — b - e e — e e

75




(P1EV) S9a1303{qo uoissiw padusyd uo pasuq sawi0}»3lva)

sun{dal puB SUOIIIPUOY [BIHIUL SAUIW3P 1adBuB g A10%3lka ]

3yl ‘uoppe u] ‘sjjo-apul) J13jeweied uoissiw ayl Jutuiwisp

J0 )|nsal 8 s8 1513NWIIG UOISSI YT £Q PAUTLLLIAIAP 1am 1BYT (C1E)
$10108) Junydiam sSazI[BWLOU J1 PUB (Z[ V) 1SENVIIG UOISSIA 3Y]
Aq paurw 1913p $3A1123(qo uoissiw 0] asuodsas Ul uotuNy IALIAlGo
£1072a(B11 B8 sjonuIsuod 13deuspy A10333(B1] Ayl "AUl-UO PAUIULIIBP
3q 1SNW 3IN0J ISIBOI MIU B 10 3JNO0L JUIISLY Y] 3( {[IM 3IN0J

as1g03 pauus|d-aid B 13ylaym Ladvurpy £10103f81 ], ayl £q uoistdap
ay) 0} $43jaJ ‘UL3110 IJNOL ISIBOI IUIWIANAP '[[ LV X0f U01)BIIUAT
3Ines Juunp 1ndae 18Y] $311141398 153330 18Y) [y WrAIRID U0 UMOYS
218 $IX0( N0 JWI}-[BAL Ut Jull-uo pajnduwed aq 1ou Lew 10 ABLI
‘310J313Y} ‘PUB ISRQ BIED W AY) Ul IPISAL pUB AdUBADY ul panduwcd
AQ ABW $IBIIY) UMOUY PUNOIE PUB §133181 umouy 0} $31407109(B4) 35180))

NOLLVHANID JLI0YH ASHVOY eV

76




}

L1 -¥3HNOI

HIHIWAON uoONEISUIL) IN0Y osseo) ALLLL o _~< m.:OW_
el U
W Aopales |
I, N .
i - I
anQy \il‘h‘i
38eq0 pigV B
O¢——————| puo) [ehy] - S
| sumwdaQg
ue uejda
[ [y A
ﬁ A rJppdle) wauno
siopel? [ erev ) "EeP uUaISSW
titv \
$10108:] e e - - - a
| SunyZom @)
SZI[BULION
/ ity )
NuA_ — uousun,j - —
» PP EEa I D P fqo el B
10NNSV0)
.
1tV
utduq)
[ ) -
2 - S aQI 9SIPO0 ANOY Q) 0
(@] AUIULIDI(] senbai
1SQ0 )
auulo( [expe | 3 w abuewp anal
UOIOUNY 3AISIQO UOISSILL
0 ;
- o - L >
AU LUBISAS
8 —
o T NOLLYDI'TENd o Ol 6 8 L 9 § r t ¢ 1 SHLON
e JIANTWINODT Y
t - LAvyd A LOH10d¥d
L - 1Nv 1% A4S
J3ZIINOD [ 3lva Jaaviy ONINIOM Cerypdlva - HOMLAY | -1¥ ddSh)

77



‘s9nod Js9) payndwodard pue ‘duiuueyd anos wasLs

1-adxa tarepdn yaawas 1YS (J( @) Jutmweadosd d1wruAp [CIIUILGNP
(V) Wwyitaod|y yoaeas ,y Ipnpaut eyl sat039lesy pandwoeaasd
puw sajnu ‘suryyiod|e 318 s9s$3204d uonigaauad L10palr 1],

HOISSIUL AY]} JO HOIINIAXG Y} Fuunp sui) jual uonjos AepIpuwd
1820} ¥ pue '£1032a(R1) 3jqedy v 91843UAH 0] 19pI0 UL (LTLV)

sossado1d a1 dunjeande puwr (Zzey) sassadoad ssoyy duizyemu
(1zey) $9ssaroad uoninaguad L1038funy aquiadosdde oy Juynpayos
sapnpout sadeury Luoafea ] oyl £q uonetouald L10palay jrwnd()

JHOLOAIVHL TVINLLJO dLNdINC. 28V

78




8l - ¥ 54O

2tV AAdON

YIINNN Aoodlesy rwndg andwo) ' LLLL
sabeuen
W Lopoleg
A e
Ksopelesy wauno
D
1 X4 4
© o TN
(59)s59001(
Aropatel) A 42
‘ued ‘s &
sasey eeqg
raa%'4
N < . ‘
7 a
(53)5$23001(
(" Jzieniu]
11
salepdy aseg eleg
o< < A arpaps Yy
o
— §53001d 'Uan
\_____ e Aowalery, [V ) anu
3[Npayos o 85800
..... |4|‘ ‘ ’
N [ N | ”
m D WS
- h U0GILINY ANPSKI0 LOSSRL
(o) ~ .
I oo U BNRe L S
) NOLLVOI'ldnNd O 6 8 L 9§ £ ¢ T | SILON
8| - AIANTINNOOTY
] 1dvda ‘AN LHIOPd
CLXALINOD Lvda J3avad ONTHIOM 1&/p7/1 -A1va zC:,:_,‘M LV aasn

79



(£eeV) d1amojjog Kiojdales],

ay) pue ‘saseq Blep ‘[Ad Y4} 03 IndIN0 UIY) 3B SNIBYS PUB SPUBLLIWIOD
{017U02 3SaYJ, "UOISSIUI Y] JO UOIINIIS01d Suunp doams 3uim pue
3oy % ‘aj3ue yueq pus ‘apdue yad ‘paadsaie ‘3jel pue apnjtyje
‘3701 puB Surpeay Mmau jo JUIWYSHGEISI 1adeur]y Kioysalea |, sajedtput
(ZEEV) SPUBLIIOD JWI-[BIL JO UOIIEIAUSN) "WBLIBIP 3Y) U pajenIsn{|!
s118Y) £JA1398 951y 3y) s1 pajdnod-oIne 1o [gnuew ‘1032311p

3yd1y 19YN3 ((1EEV) SNIBIS IPOW [043U0D JO UOIBIYLIUIP]

‘spuewwod {013u0) 3ul1813ud3 Jo uonIUTY 133euspy K103d3lea ],

ay) $$24ppe JBY) Sax0q AANIE 3314) SBY LV wedeip 0JJ ] YL

SANVININOD TOHLNO)) JLVHANID £EV

80




HHIINAN 61 - 3HNOH spuewWo)) [0AU0D Nesduasy ‘I LLLL fgv ‘3AON
- » beuey
Al Kiopates|
A
/
Snes
‘SPUBLLILLICO {JILA0 CEEV
8‘ EEaE— m_‘ZSw\mUEU SIEIS JOYBA a
| ronuo) I
- ndinp T
[4%3 4
SpUBLILIO)) r
[}
Wi -[edy
[ J1RI2UIN) Arogoates)
‘ved ‘apnau
7 Y
saiepdn aseg ered
o A 1£EV
_ T Haw R
< vy | STITIG PO
T T — Ajuuap]
o - (5]
f‘ o r 4\ 3IPOW QIO
« oEUoM epe
. uRuwosks | aRagEREL Ll I
NOLLYDITdNd 0l 6 8 L 9 & ¢+ € T 1 SILON
- 0] A3aNTINNODTY
(] L4vya ‘A 1.0310dd
| AXIINOD 3Lva REELED DONINYOM h.t lo/ry/1 -va L - AHOHLNOY ALV a3sn

81



judwadsusw

IAd Wwouj uorjeuiojut payepdn 53413231 os|8 aseq BI18P W 24L (IW)
8s9201d §63UIIBME UOIIBNYIS 3y} A pasinbai £)1A1E [BUY B3

s8 pajuasaidal a1e (YPV) I51339B11G UOISSIN Y3 0F s3j8pdn vorjenyts
|3U0IIPPY ‘WA ‘OV 3poN wedsip ay) uo doo| }oBqpady B SE UIIS SI JBYM
ut 1518338.)G UOISSI @Y} 07 Juas A[juanbasqns s1 18Y) UOISIIIP M3LD
ay) 5393ya4 g mos Jndino Ay ‘walsks W Y3 JO [3A3] 1Y) I8
jndino ue s8 panposjutl sl asuodsal mald ay] (EYV) Uo0t329]3sap
/uo133|3s ayy adsuvw jo A8 [Ad 3Y) 0} ndui s8 aeI1ado
suondo [04)u0d 353yl ‘JAd Y3 Jo 1ed [B13ajul uB 318 (ZpY) suorjdo
[043u0d 3utptaoid ‘maid Yy 03 uoljBULIOjUL 3uiptaocid 07 uonyippe uj

"AIQHALAINS puUB

A1A0aya ‘Aypiqixay jo saA13fqo W4 1ioddns 18y} £,uawaiinbai
I 3Y? jo HBd 218 B8P 3UIPIB-UOISIIP PUB STEIS UOISSIW

asay], (559001d §S3UIIBMB UOIBNNS) A 3Y) O) papuroad (e

218 ®1BP 10SUIS PUB BIBP 19318) ‘SNIB]S SAINSBIWIIIUNOI puB ‘parepdn
a1e sjsanbai a3usyd 3Inoa ‘pAuasasd 318 sdeuwl JUBAI|AL 'OSIY
‘uorjuuLIojut pastnbas 318 €8P A10303ler) pus ‘uoIBULIO UL FBIIY)
‘awy) wayskg sAevidsip 1dY203 UO M3ILI Y] 0) paiuasaid uonvuLiojut
ay) [{e sjudsaidas ‘Keidsip uonjBULIOjUl ‘[pY Xof ANAPy Ml

1ydiy ayy 03 pauasasd uotjBWLIOjUL 3Y) puE sAgjdsip 71dy200 jo
JuaWeFBUBW SAPN|IUI SSIUILIBMEB UOITBNYIS 10} 3|qisuodsal s53201d Y],

FOVAYALNI dTOIH3A LOTId ADVNVI ¥V

82




AFIWNN

02 - ¥ 34N

IAd 9Seuviy ‘HLLLL

tv “wQOZ;

W sssoadvs

k sjeay) ‘siebue) ‘erp stoyaa
— 7 ~ SRR ‘BlEp UoISSIL 'Aiopales) usumno
—-— - —t—- - —— - - AN
Aedsq vs v Aedsp vs
ﬁ 144
D¢ ssaudremy [— - ~
44—
1sonba SEUELP Oy uonEnis g
4 arepdn
A
Y
u 1944 _ .
— - —1  199]3s9p N
D4 IS
193138
Jeuepy )
|%v’ hsthoes mm Soseg eeq
wv 1 q
o b 2 suondQ A
Wmaa.d aseg eeg —— —O.SCOU " STEs 4|
R apiaoid TN : U
DE¢E— A
apow (JICO . A %
itV — '
. R —
uolneuyoju ued ‘9
ndino Aedsp cords . - ed a1
_Auesia SaKIs WOX3
o \_ ) ) . aﬂmﬁwm
Y ST g
0 uognos
g WIEAS rewugdo
|ID| I | Nowvoriand| - ‘:_1 a\ m B 9 w v ¢ ¢ 1 SALON
- O AIANTNINODIY
0O - ey ldvia ‘A3Y 11031044
SIXHINGD q1va yaavad DNIIOM le/vy1 -3lva PO '0Rd HOHLNY 1V a3isn

83



‘sjuawatnbal uoijBULIOJUL PUB UOLIDUNY [A 4 Y] JO

JuipuBisiapun JuaIYNS B 19943 03 paimnbai aq pinom uorjisodwodrap
8 ‘TN 243 Jo uStsap 10j y3noyy(y "awe} s1y) Je [18I9p JO [243]

13uy B 07 pasodwioIap jou AIdm FhY PuR ‘CHY ‘ZEV Sax0oq £}AIPY

V/IN
NOILVALIS 31vddNn #vv
V/N

LOITIASHA/LOTTIS IOVNVIN €vV

84

V/N

SNOILJO TOHLNOD JATAQHd 2¢vV

‘B1BP UOISSIW puB ‘A1032381) JUaLIND

‘sdeui 's310)s IWOXJ ‘SMIeIs WOF ‘snyels suodaam ‘awit) wajsks sapnjout
(P1PV) ASH Aejdsip asuajep 3y, "awn) waysks pue ‘Suipeay ‘ajSus
yueq ‘A1100|3A [B211134 ‘3PN ‘Paadsiie ‘moyy |any ‘paads punoud
sapnpoul (g1py) Ae|dsIp sNwS YBIJIIB UY 'BIBD 3[IUYIA 130

pue snjeys (any pue autdua jo yndut uoneuLIojU SAPN[OUL (ZTHY)
Agldsip smieis 301yaa y (uo13isod YBIdIIE JUILIND puk sja8ie)
sjutodAem) £1070ale 4y Jualind pue ‘auwny wIIsAs ‘ug|d aynod ‘(11)
A10308fv13/u0nIngos (rwndo sapnput ndul (11vy) Ae(dsip dew ay],
31d¥d0d ayy ut ajquiteas AjjBijuajod sAedsip juapuadaput 1noj ayj
J0 9ANIBIUASBIdAT A4r “)D9Y3 Ul ‘YIIYM SaxX0Q AJIAIIIB 1N0J Y} Ul
(19393J31 3q ud Av|dsip uonBWIOUL 3Y) JO UoiNSoduIoddIP pantIIuo))

NOLLVWHO NI AVIJSIO itV




k2-¥3-UNOld

HIdWNN uoneunojuj Aeydsiq ‘ALLLL 1vv ‘HAON
SS800Ud VS sieaay) ‘sjebie; ‘elep spiyaa
W "BIEP UOISIILL ‘Auopakes} Juouno
ﬁ ﬂ ~ ™~ saiois NOX3
SIER W03
14844 ¢ a
dSH < ~
( Aeidsiq |«
asud < *
jod aa. N
i v
ued ‘ainu
13047
smelg ﬂ 2N g
\ eIy "
feidsig [ *a. ﬁ CPVS
| '
ndino rAtay
E&b\ & NOLAINEE | o
o< S ANPA g r o o g
Keidsig sgwj_? |
v
N - I
N depy
Aeidsi(q T uaKYs
reundo
NN R \
|
e
AL WOBAS
O B - ~ NOLLYOI'lnd Oh 6 81 9 S ¥ ¢ T 1 SALON
0 RERINEINATOREL]
O - 14vidda ‘ADY 110310 dd
IXAINOD  E1vd ¥y3avay ONINIOM lo/$e/1 -31va “HOHLNV 1LV aasn

85




‘sa|qBIIBA YRIDIIE JO 3ul}IBJ) pUB |013U0D JO apow juawadsusw Y3y

J0 §3G32U0D JO UOIUYIP PUB UOHBULLIBXD {BUOT)IPPE 3PN{AUL |[IM SIUIWAINDAL
[BUOISUTY J3MO{04] K10303(84], Jo UOIHUYAPp Jdauod 9791dw0d 8 'I3AIMOY] "HOJa SIY]
10§ [1BJAP JO [2A3] PX3U 3Y} 0 pasodwiodap jou sem ‘K1030alel ], mo|[) ] ‘QV apoN

snay)
puB ‘13ppnd ‘SUCLI|(B ‘SPUBUIOI I0IBAJ[I :apn{oUl SPUBUIWIOD 1070343 {047U0])
“(10) 3seq Bjep ay) 03 s3j3epdn pus (Z0) SpuBWIWOY 10733}

[023u0> 348 weadeIp O JAA] SV Yl U0 pajuasaidal aie jBY) SIANIALDE

s 1amoyjog A10palel], ayj jo yndinQ Yedde ay Jo paads

pue ‘apmnj[e ‘3uipeay 3yj d1e SI|qBLIBA asay], ‘A40703fet] pauue(d

a3y} Woly SUOIBIAIp S3J0U PUB (ZQV) SI[qBIIBA PeIddie 3y) Syoen]

osje 1amofjog £10103(81], Y], ‘KA1308 (041002 1Y31y) Y1 01 (Z[)

andut a1e aseq B1BP N 3Y) Wolj BIBp 3IIY3A “198euBy K10723(84 ],

Y] Wolj 13mo(|oy Aioyoafva], oy 0) papiaoad 3ie (]]) SNIEIS

pue spuewwod {oaue) (18V) 1a8euepy K1opalea], auyy Aq pauyap yied

ays Ay 01 ‘I Y1 jo 3pow Y3 uo Sutpuadap ‘spurwwod jordoine

pa|dnod 10 ‘puBLIWO) (ENUBW ‘spuguiwod Aedsip 1033941p 3431y apisoad

0} SU(TIN) 1amoljof K1010aleL], Y1 10) juawalinbay (guoOUNY Y,

AYOLOAVHL MOTT10d SV

T ]

86




HAEWNN e ¥3uNou Kaoafes], mojjod AL - oV 1FACN
semuyo4 Aopstes |
W o
- N
Y
salepdn aseg Eleq «wv < - &
5|
o< N SIAQRLEA | N EED 334
J/V Youed],
A A
\ 4
SEUBLLLOYD
I
J0POYT [QIIOD \~ — mwgz K ~ uogos
-1 T fewndo
© SpueuIUO)) \_ "
\ - apiaoig
HE— 7 -
Souewwco ‘sam Buuaals SRS
/: ~ B S o o "'SPUBLALICO jaILICO
0
aun 2
auuoQ [eNe |
o . L . 4
- NOLLYOI'TENd Ol 6 8 L9 S v € T 1 SALON
O a3aNIWW0oD3Y
O - uewadmy ldvia ‘A9Y . 1L0310yd
AXZINOD  |3lva d3avay ONINYOM 16/;2,1 ALvd PIOMEI] ‘ORd :JOHLNY LV 4asn

87




(This page left intentionally blank)

88




Section 5

OPERATIONAL SEQUENCE DIAGRAMS

OSDs are used to represent the flow of information-decision sequences through a
system. They can be used to: 1. establish sequence-of-operations requirements
between subsystem interfaces, 2. depict the logical result of several decision-action
sequences, and 3. evaluate panel layout and work-space designs (Kurke, 1961).
OSDs graphically depict the flow of events and information in any type of system.

OSDs are used by the human factors community to determine possible system
problems during the conceptual design phase. The diagrams represent the flow
of events through a system, including the actions/processes, decision points, and
information requirements. Examining the OSDs informs the system designer of
processes or operator decisions to be performed with limited information
available. Therefore, an OSD can be a useful tool in determining the
requirements of the man-machine system.

0OSDs have been developed to combine the FM system description with the four
scenarios previously defined: pop-up threat, deconfliction (avoidance and
delivery), and acquiring relocatable targets. Placing the mission scenario in
context of the conceptual technology provides the environment for an Information
Requirements Analysis, i.e., determine the needs of the PVI. The synthesis of the
FM system descrintion with each scenario was done by applying the scenario
descriptions to the IDEFO0 charts. The OSDs include actions, sensed information,
received information, stored information, and operator decisions. When the
detailed FM mechanization has been developed (controls and displays) the OSD
process can be extended to the control activation level. This will assure functional
completeness of the mechanization.

The symbology used for the OSDs is shown in Figure 5-1. Figures 5-2 - 5-3

present the OSDs for the scenarios. A description of each diagram was also
prepared, including the specific type of data required for each process.
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Process or action to be performed by the FM system.
Text in the box indicates the action that needs to be carried out.

Breakdown Box indicates that a more detailed OSD has been
developed and should be referred to.

SEE BREAKDOWN

Feedback Loop is used to foop back to a previous box.
The number at the bottom of the box is the number of the box
to be returned to so that the activity can be repeated.

FEEDBACK LOCP 3.0

Operator Decision.

Displayed Information to the crew.

Information received by the FM system from a sensor.

MISSION DATA Current data and previously stored data used by the Force
Management system are extended from the Process Box.
EVENTS

Figure 5-1 OSD Symbols

D0




"AND" gate is drawn with vertical

A 2% = :
U connection lines and is used to show

events which are parrallel to
each other.

"OR" gate is drawn with slanted
connection lines and is used to
show a condition where one path
or another will be foliowed.

Figure 5-1 OSD Symbols (Continued)
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1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

POP-UP THREAT

Detect Threat -- A threat emission is sensed by the radar warning
receiver (RWR) and received by the Threat Manager.

Correlate Threat Data -- The Threat Manager will have the capability to
correlate threat data from multiple sensor sources (RWR, Elint).

Update Threat Data Base -- The Threat Manager will update the threat
data base with any new information.

Display Threat Definition to Crew -- The new threat data will be added
to the data base and the threat information will be displayed to the

crew. This information will include the threat type, location, and
kill radius.

Monitor Situation -- The Mission Strategist will continuously monitor
updated information in all data bases as well as the current flight
conditions.

Interpret Updated Mission Data -- The Mission Strategist will
incorporate information from the crew, the mission, the current
trajectory, the events, and tactics. The impact of this information
on mission success will be interpreted.

Classify Threat -- The Threat Manager will assess the vulnerability of
the aircraft based on the threat characteristics, the aircraft
location, and countermeasure status. The threat will be classified
as immediate, imminent, or non-threat.

Determine Method to Combat Threat -- The classification of the threat
will determine the method used to combat the threat. The Threat
Manager will select countermeasures and/or threat avoidance.

Perform Countermeasures -- If the aircraft is within the lethal zone of
the threat, then the Threat Manager may activate expendable
countermeasures (EXCM) or electronic countermeasures (ECM).

Issue Threat Avoidance Request -- If the bomber will enter the lethal
envelope of the threat without changing its course then the Threat
Manager will issue a threat avoidance request to the Mission
Strategist. The data included in the threat avoidance request
include: threat type, transmission characteristics, vertical and
horizontal profiles, and threat state.
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1.0

RWR
DETECT
THREAT
2.0
\ RAR CORRELATE L THREAT DATA BASE
THREAT
e | AIRCRAFT POSITION
e | COUNTERMEASURES STATUS
SEE BREAKDOWN
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3.0 U
oepLay N THREAT TYPE
UPDATE THREAT THREAT TO THREAT LOCATION
DATA BASE
CREW —— THREAT KILL RADIUS
@
40 6.0
EVENTS | CURRENT
TRAJECTORY
MONITOR - SFM DATA BASES CLASSIFY 10
SITUATION (THREAT) THREAT __ THREAT DATA BASE
(CONTINUQUSLY) | ci)RRENT TRAJECTORY L COUNTERMEASURES
STATUS
5.0 7.0
| SFM DATA BASES
INTERPRET UPDATED |—— CURRENT TRAJECTORY | DETERMINEMETHOD |— THREAT
MISSION DATA TO COMBAT THREAT CLASSIFICATION
| EVENTS
L TACTICS

e

e

8.0 9.0 \
PERFOR “RODANGE
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COUNTERMEASURES REQUEST

|

I
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Figure 5-2 OSD: Pop-up Threat




10.0 Assess Situation -- After receiving the threat avoidance request, the Mission
Strategist will combine information interpreted from the threat data base
with knowledge rules to identify sources of the threat problem.

11.0 Generate Mission Objective Function -- The mission objective function
supports fuel and range optimization, threat minimization, target
prioritization, target and flight plan time constraints, aircraft
malfunction compensation and adverse weather avoidance. The
Mission Strategist will combine mission data, current global
trajectory data, threat data, target data, and sources of the current
threat problem with knowledge rules to generate a mission objective
function. The mission data base will contain map data, terrain
data and fleet target data (offensive order of battle). The current
global trajectory data base includes waypoints, targets, and known
threats. Knowledge rules will be derived from strategy, fuel and
timing, and escape maneuver rule bases.

12.0 Formulate Strategies -- The Mission Strategist will coordinate the
responses of the FM functions to generate a local candidate solution
for dealing with the threat situation.

13.0 Issue Route Change Request -- The Mission Strategist will issue a
route change request to the Trajectory Manager.

14.0 Establish Coarse Routes -- The Trajectory Manager will derive a
coarse route based on heuristic and rule based approaches that
minimize threats and maintain mission objectives.

15.0 Compute Optimal Trajectory -- The Trajectory Manager will fine tune

the coarse route by addressing aircraft performance characteristics
and the external environment for the optimal route generation.
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10.0

ASSESS THREAT DATA BASE
SITUATION L KNOWLEDGE RULES
11.0
MISSION DATA
GENERATE MISSION
OBJECTIVE CURRENT TRAJECTORY DATA
FUNCTION
[ KNOWLEDGE RULES
12.0
MISSION DATA
FORMULATE MISSION OBJECTIVE FUNCTION
STRATEGIES TACTICAL DOCTRINE
L KNOWLEDGE RULES
SEE BREAKDOWN
13.0
ISSUE ROUTE
CHANGE REQUEST
14.0
MISSION DATA
ESTABLISH MISSION OBJECTIVE FUNCTION
COARSE ROUTES
L KNOWLEDGE RULES
SEE BREAKDOWN
15.0
- COARSE ROUTE
COMPUTE OPTIMAL
TAESTORY AIRCRAFT CHARACTERISTICS
EXTERNAL CONDITIONS
SEE BREAKDOWN

Figure 5-2 OSD: Pop-up Threat (Continued)
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Display Optimized Route to Crew -- After computing the optimal
trajectory, the Trajectory Manager will display the route to the crew,
via the PVI. The “and” loop shows that the optimal trajectory is
continuously updated while the crew makes a decision.

Crew Decision Regarding Route -- The crew will decide to accept or
reject the proposed route. The response will be interpreted by the
Mission Strategist.

16.0 Interpret Mission Data -- The Mission Strategist, which is
continuously monitoring incoming data, will receive the crew's
decision to accept or reject the recommended route change.

17.0 Assess Situation -- The Mission Strategist will then determine the
impact of the crew decision and the processes which must follow.

18.0 Update Data Bases -- The Mission Strategist will update the
appropriate data bases with the appropriate route information.

19.0 Generate Another Route -- If the crew rejects the optimized route
displayed then another route will be generated starting the process
with box 11.0.

20.0 Prioritize and Execute Processes -- If the route is accepted by the crew,
then the Mission Strategist, acting as the system =xecutive, will
prioritize and oversee the functions to be carried out by the FM
functions for the route to be updated.

Control Mode -- Some time throughout the mission the crew will select
the command control mode (manual, auto-coupled, or flight
director). This decision will be interpreted by the Trajectory
Manager.

21.0 Generate Control Commands -- The Mission Strategist will evoke the
Trajectory Manager to generate real-time control commands for the
new route. The Trajectory Manager will generate real-time aircraft
position, velocity, and acceleration state commands that will be used
by the Trajectory Follower to control the aircraft along the computed
course.

22.0 Provide Commands by Control Mode -- The Trajectory Follower will
provide control commands depending on the mode of operation
(manual, auto-coupled or flight director). The selected mode,
system time, vehicle data, and control commands are data required
by the Trajectory Follower. Control effecter commands (ailerons,
rudder, thrust) and steering cues will be displayed to the crew.
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DISPLAY
OPTIMIZED
ROUTETO
CREW

CREW
DECISION
REGARDING
ROUTE
16.0
INTERPRET CREW INPUT
MISSION DATA DATA BASE UPDATES
17.0
ASSESS
oy KNOWLEDGE RULES
18.0
UPDATE
DATA BASE
19.0 20.0
FM SYSTEM
PRIORITIZE AND STATUS
COMPUTE EXECUTE
ANOTHER ROUTE PROCESSES ~ —— ROUTE INFORMATION

FEEDBACK LOOP 11.0

Figure 5-2 OSD: Pop-up Threat (Continued)
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23.0 Track Aircraft Variables -- The Trajectory Follower will monitor
vehicle data and track aircraft variables to meet objectives of the
mission segments.

Display Control Commands -- The PVI will receive the appropriate
control commands from the Trajectory Follower. The flight control
commands displayed to the crew will be dependent on the control
mode selected.
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MODE
21.0
NEW CURRENT
GENERATE TRAJECTORY
CONTROL AIRCRAFT
COMMANDS CHARACTERISTICS
MISSION DATA
SEE BREAKDOWN
22.0
PROVIDE _ CONTROL MODE
COMMANDS BY SYSTEM TIME
CONTROL MODE
VEHICLE DATA
O/
23.0
| VEHICLE DATA — CONTROL EFFECTOR
TRACK AIRCRAFT DISPLAY COMMANDS
VARIABLES L MISSION DATA CONTROL
COMMANDS /___ STEERING CUES

Figure 5-2 OSD: Pop-up Threat (Continued)
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Correlate Threat Data Breakdown

2.1 Categorize Threat -- Threat transmission characteristics sensed by
RWR and electronic intelligence (Elint) will be received and
processed by the Threat Manager. The threat type, range, and
transmission frequencies will be determined, with additional data
from the threat database. Threat data from the FM Elint data base
will include: Frequency of the source, power level, mode (search,
track, or launch), and bearing.

2.2 llentify Threat -- Emission data collected by Elint will enable the Threat
Manager to identify the type of threat that has been encountered by
comparing the data with information from the threat data base.
The threat data base offers threat characteristic data such as the
threat/sensor type, range, transmission frequencies, and whether
or not the threat is jammable.

2.3 Locate Threat -- Data provided by the passive RWR will allow the Threat
Manager to locate the threat in relation to the location of the
bomber. The threat manager will receive the current aircraft
position via updates from the Trajectory Manager.

2.4 Determine the Kill Radius of the Threat -- The Threat Manager will
determine the kill radius of the threat based on threat database
information and the current countermeasure conditions.
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2.0 BREAKDOWN

ELINT

ELINT

ELINT

1999 9

CORRELATE
THREAT
DATA
2.1
CATEGORIZE THREAT DATA BASE
THREAT
2.2
DENTIEY THREAT DATA BASE
THREAT
2.3
CURRENT TRAJECTORY
LOCATE
THREAT
2.4
DETERMINE THREAT | THREAT DATA BASE
KILL RADIUS CURRENT TRAJECTORY
{——— COUNTERMEASURES
STATUS

Figure 5-2 OSD: Pop-up Threat (Continued)

101




Formulate Strategies Breakdown

12.1 Coordinate Responses of FM Functions -- The Mission Strategist,
acting as the mission executive, will interpret the current status of
the FM functions and determine how they may affect the mission
objective.

12.2 Evaluate Tradeoffs Between Mission Parameters -- The Mission
Strategist will use knowledge rules, obtained from the strategy rule
base, to evaluate the mission objective function with information
from the current mission data. The mission parameters will be
evaluated in terms of their cost functions to meeting mission
objectives.

12.3 Compute Weighting Factors -- The weighting factors assigned to the
mission parameters will be prioritized based on the trade-off
evaluation.

12.4 Generate Scenarios -- Using the mission objective function, the
weighting factors, tactical doctrine, and knowledge rules obtained
from the strategy, and route selection rule bases, possible coarse
route adjustments will be generated.
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12.0 BREAKDOWN

FORMULATE
STRATEGIES
12.1
COORDINATE MISSION OBJECTIVE
RESPONSES OF DATA BASE UPDATES
FMFUNCTIONS FM SYSTEM STATUS
12.2
EVALUATE  KNOWLEDGE RULES
TRADE-OFFS MISSION OBJECTIVE
BETWEEN MISSION
PARAMETERS MISSION DATA
12.3
COMPUTE COST FUNCTIONS
WEIGHTING
FACTORS MISSION DATA
12.4
MISSION OBJECTIVE
S%ENEEATE WEIGHTING FACTORS
ENARIOS TACTICAL DOCTRINE
L KNOWLEDGE RULES

Figure 5-2 OSD: Pop-up Threat (Continued)
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Establish Coarse* Routes Breakdown

14.1 Preplanned Route Selection -- Coarse trajectories may be computed in
advance and stored in the mission data base. The Trajectory
Manager will select an appropriate coarse route.

14.2 Generate Coarse Routes -- Coarse trajectories may be generated by the
Trajectory Manager. Information from the global trajectory data
bases will be combined with the mission objective function and
solutions received from the Mission Strategist. The coarse route
generation will output waypoints and targets to be added, deleted, or
changed.

14.3 Construct Trajectory Objective Function -- This function combines
mission goals and vehicle performance optimization objectives.
The Trajectory Manager will call upon the coarse route, mission
objective function, mission data, and current global trajectory.

14.4 Normalize Weighting Factors -- The Trajectory Manager will
normalize the weighting factors generated by the Mission
Strategist.

14.5 Plan New Trajectory -- The Trajectory Manager will determine the
mission waypoints and targets for the reroute situation. The route

will be based on tactical doctrine, mission objectives, and current
global trajectory.

* Approximations of optimal trajectories
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14.0 BREAKDOWN

ESTABLISH
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MISSION
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Figure 5-2 OSD: Pop-up Threat (Continued)
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Compute Optimal Trajectory Breakdown

15.1 Schedule appropriate trajectory generation process -- A set of
algorithmic processes have been established which generate a
flyable, real-time trajectory. The Trajectory Manager will choose
one or more of the processes depending on the situation. The data
used will include the coarse route, mission objectives, tactical
doctrine, aircraft characteristics and solution guidelines.

15.2 Initialize Trajectory Generation Process -- The Trajectory Manager
will provide the selected process with the data needed to carry out
that process.

15.3 Activate Trajectory Generation Process -- After the process has been
initialized, it will be activated. The optimal solution will be
generated and displayed to the crew via the PVI. The crew will
make a decision to accept or reject the suggested solution.

The optimal trajectory generation process will repeat and display
updated routes to the crew until it has been accepted or rejected.
Updates are required as the aircraft continues enroute changing
the current conditions, which may effect the optimized route, while
the crew makes a decision.
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OSD: Pop-up Threat (Continued)
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Generate Control Commands Breakdown

21.1 Identify Control Mode -- The crew will select the control mode to be
either manual, coupled autopilot, or flight director. The Trajectory
Manager will receive this information via the PVI.

21.2 Generate Real-time Commands -- The Trajectory Manager will need

the following information: route plan and trajectory, vehicle status,
and system time.

21.3 Output Control Commands and Status -- The following information
will be forwarded to the Trajectory Follower and to the crew:
heading and rate commands, altitude and rate commands,
Mach/true airspeed, pitch angle and rate, bank angle and rate,
throttle setting, and wing sweep.
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OSD: Pop-up Threat (Continued)
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DECONFLICTION: TIMELY WEAPON DELIVERY

1.0 Monitor Situation -- The Mission Strategist will continually monitor the
ongoing activity of the FM functions and the updated data bases.

2.0 Discover Timing Deviation -- The Mission Strategist will determine the
type of deviation and inform the crew of the problem.

Inform Crew of Deviation -- The PVI will display information
regarding mission timing, received from the Mission Strategist.

3.0 Generate Mission Objective Function -- The time deviation, mission
data, and the current trajectory are combined with knowledge rules
derived from the strategy and fuel and timing rule bases by the
Mission Strategist to generate a mission objective to restore weapon
delivery timing.

4.0 Formulate Solutions -- The Mission Strategist will coordinate the

responses of the FM functions to generate a local candidate solution
that will permit timely weapon delivery.
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5.0 Generate Airplane Configuration Change Request -- The Mission

Strategist will issue an airplane configuration change request that
will evoke the Trajectory Manager. The change request will send
mission data, the mission objective function, and the solution
guidelines to the Trajectory Manager.

6.0 Compute Optimal Solution -- The Trajectory Manager will use the

7.0

information provided by the Mission Strategist to develop the best
solution for permitting timely weapon delivery. The Trajectory

Manager will address the aircraft performance characteristics and
the external environment.

The computation of the optimal solution process will repeat and
update the displayed solution continuously until the crew makes a
decision. Updates are necessary because changes in aircraft
position or the external environment will occur while the crew is
making a decision, and they must be aware of these changes.

Display Solution to Crew -- The optimal solution for solving the

deviation problem will be presented to the crew from the Mission
Strategist, via the PVI.

Crew Decision Regarding Solution -- The crew will decide to accept or

reject the proposed solution. The PVI will deliver the response to
the Mission Strategist for interpretation.

Interpret Mission Data -- The Mission Strategist will receive and

interpret the crew decision along with other mission data and
status information.

8.0 Assess Situation -- The Mission Strategist will then determine the data

bases to be updated, based on the crew decision.
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9.0 Update Data Bases -- Data bases will be update based on the Mission
Strategist’s assessment. These data bases include the aircraft
characteristic and the mission data base.

10.0 Recompute Solution -- If the crew rejects the suggestion then another
solution will be generated. This process will start with Process box
3.0 where the Mission Strategist generates the mission objective
function.

11.0 Prioritize and Execute Processes -- If the crew accepts the suggestion
then the Mission Strategist will prioritize and oversee the functions
to be carried out by the FM functions to execute the solution.

Select Control Mode -- The crew, at sometime during the mission, will
detect the desired control mode (manual, coupled autopilot, or flight

director). This response will be sent to the Trajectory Manager, via
the PVL

12.0 Generate Control Commands -- The Mission Strategist will evoke the
Trajectory Manager to generate real-time aircraft position, velocity,
and acceleration state commands that will be used by the Trajectory
Follower to control the aircraft along the computed course.

13.0 Provide Command by Control Mode -- The Trajectory Follower will
provide control commands based on the mode of operation (manual,
coupled autopilot, or flight director). The selected mode, system
time, vehicle data, and control commands are the data required by
the Trajectory Follower.

Control effecter commands (ailerons, rudder, and thrust) and
steering cues will be displayed to the crew.

14.0 Track Aircraft Variables -- The Trajectory Follower will monitor
vehicle data and track aircraft variables to meet objectives of the
mission segments.

Display Control Commands -- The PVI will receive the flight control
commands needed by the crew, as determined from the selected
control mode. The PVI will then present the commands to the
crew.
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Monitor Situation Breakdown

1.1 Interpret Mission Data -- The Mission Strategist will Incorporate
information from the crew, the mission, the current trajectory, the
events, and tactics. The impact of this information on mission
success will be interpreted.

1.2 Assess Situation -- The Mission Strategist will apply knowledge rules to
the mission data to identify any discrepancies to the planned route.
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Formulate Solutions Breakdown

4.1 Coordinate Responses of FM Functions --The influence of the current
status of FM systems and data base updates on the mission objective
will be analyzed.

4.2 Evaluate Tradeoffs Between Mission Parameters --Knowledge rules,
derived from the fuel and timing and strategy rule bases, will be
used to compare the effects of aircraft/flight characteristics and
mission parameters (targets, route, timing) on the mission
objective. Cost functions for the parameters will be generated.

4.3 Compute Weighting Factors -- Using the cost functions from the trade-
off evaluation, the mission parameters will be prioritized and
assigned weighting factors.

4 .4 Generate Scenarios -- Using the mission objective function and the
weighting factors, possible route adjustments will be generated.
The fuel and timing rule base and tactical doctrine will direct the
adjustments.
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Compute Optimal Solution Breakdown

6.1 Schedule Appropriate Trajectory Generation Process -- One or more of
the algorithmic approaches will be chosen to generate a flyable,
real-time trajectory. The data required for this process include
solution guidelines, mission objective function, and tactical
doctrine.

6.2 Initialize Trajectory Generation Process -- The selected algorithmic
processes will be provided with the needed data for them to be
carried out. The aircraft/flight characteristics, current mission
data, external environment conditions, mission objective function,
and tactical doctrine will all be needed.

6.3 Activate Trajectory Generation Process -- Following initialization of the
processes, they will be activated and generate the optimal solution.
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Generate Control Commands

12.1 Identify Control Mode -- The crew will select the control mode to be
either manual, coupled autopilot, or flight director. The Trajectory
Manager will receive this information via the PVI. The crew
decision regarding the control mode could occur at any time
throughout the scenario.

12.2 Generate Real-time Commands -- To perform this function the
Trajectory Manager will need the route plan and trajectory, aircraft
characteristics, vehicle status, and system time.

12.3 Output Control Commands and Status -- The following information
will be forwarded to the Trajectory Follower and to the crew:
heading and rate commands, altitude and rate commands,
Mach/true airspeed, pitch angle and rate, back angle and rate,
throttle percentage, and wing sweep.

The display presentation of this information to the crew will depend
on the selected control mode.

122




12.0 BREAKDOWN
GENERATE
CONTROL
COMMANDS
A ——
12.1 12.2 ~I
L AIRCRAFT
IDENTIFY FEW GENERATE CHARACTERISTICS
SPONSE COMMANDS SYSTEM TIME
— VEHICLE STATUS
12.3
OUTPUT CONTROL
COMMANDS

Figure 5-3 OSD: Deconfliction -- Timely Weapon Delivery (Continued)

123




DECONFLICTION: AVOIDANCE OF NUCLEAR EVENT

1.0 Monitor Situation -- The Mission Strategist will continuously monitor
incoming mission data anu events concerning deconfliction.

2.0 Determine Nuclear Threat Window -- The Mission Strategist will derive
the area of coverage of the nuclear weapons effects with respect to
the bomber's trajectory.

Display Threat to Crew -- The nuclear threat information will be
presented to the crew.

3.0 Update Mission Data Base -- The Mission Strategist will also be
responsible for updating the data bases with the nuclear threat
information.

4.0 Generate Mission Objective Function -- The Mission Strategist will then
take the mission data, threat window data, and current global
trajectory data and apply knowledge rules to generate a mission
objective function. The knowledge rules will be derived from the
strategy rule base.

5.0 Formulate and Solutions -- The responses of the FM functions will be

coordinated by the Mission Strategist to generate a local candidate
solution for avoiding the nuclear threat.
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6.0 Issue Route Change Request -- The Mission Strategist will issue a route
change request to the Trajectory Manager which will avoid the
nuclear threat area.

7.0 Establish Course Routes -- The Trajectory Manager will derive a coarse
route based on heuristic and rule based approaches that minimize
threats and maintain mission objectives.

8.0 Compute Optimal Trajectory -- The Trajectory Manager will fine tune
the coarse route by addressing aircraft performance characteristics
and the external environment for the optimal route generation.
The optimal trajectory generation process will repeat and display
updated routes to the crew until it has been accepted or rejected.
Updates are required as the aircraft continues enroute changing
the current conditions, which may effect the optimized route, while
the crew makes a decision.

Display Optimized Route to Crew -- The optimal solution will be
generated and displayed to the crew via the PVI.

Crew Decision Regarding Route -- The crew will make a decision to
accept or reject the suggested solution.

9.0 Interpret Mission Data -- The Mission Strategist, which is continuously

monitoring incoming data, will receive the crews decision to accept
or reject the recommended route change.
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10.0 Assess Situation -- The Mission Strategist will then determine the
impact of the crew decision and the processes which must follow.

11.0 Update Data Bases -- The Mission Strategist will update the
appropriate data bases with the appropriate route information.

12.0 Generate Another Route -- If the crew rejects the optimized route
displayed then another route will be generated starting the process
with box 4.0.

13.0 Priontize and Execute Processes -- If the route is accepted by the crew,
then the Mission Strategist, acting as the system executive, will

prioritize and oversee the functions to be carried out by the FM
functions for the route to be updated.

Control Mode -- The mode of operation (manual, coupled autopilot, or

flight director) will be selected by the crew at some point in the
mission.

14.0 Generate Control Commands -- The Mission Strategist will evoke the
Trajectory Manager to generate real-time control commands for the
new route. The Trajectory Manager will generate real-time aircraft
position, velocity, and acceleration state commands that will be used
by the Trajectory Follower to control the aircraft along the computed
course.

15.0 Provide Commands by Control Mode -- The Trajectory Follower will
provide control commands depending on the mode of operation
(manual, coupled autopilot, or flight director). The selected mode,

system time, vehicle data, and control commands are the data
required by the Trajectory Follower.

Display Control Commands -- Control effecter commands (ailerons,
rudder, thrust) and steering cues will be sent to the PVI from the

Trajectory Follower. The form of the information displayed to the
crew will depend on the control mode selected.

16.0 Track Aircraft Variables -- The Trajectory Follower will monitor

vehicle data and track aircraft variables to meet objectives of the
mission segments.
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Monitor Situation Breakdown

1.1 Interpret Mission Data -- Events, current trajectory, and mission data

information, particularly the offensive order of battle (OOB), will be
of interest for this scenario.

1.2 Detect A Nuclear Threat Nearby -- The Mission Strategist will compare
the OOB data with the current trajectory and determine that a
nuclear threat is within the bomber route.

1.3 Assess Situation -- The mission parameters essential to deconfliction

will be assessed. This will include mission data (fleet data
regarding the threat type and location), and the current trajectory.
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Formulate Solutions Breakdown Chart

5.1 Coordinate Responses of FM Functions -- The effects of the current
status of the FM functions on the mission objective will be
determined.

5.2 Evaluate Tradeoffs Between Mission Parameters -- Knowledge rules,
derived from the strategy rule base, will be used to evaluate the
mission objective function with information from the current
mission data. The mission parameters will be evaluated in terms
of their cost functions to meeting mission objectives.

5.3 Compute Weighting Factors -- Using the cost functions from the trade-
off evaluation, the mission parameters will be prioritized and
assigned weighting factors.

5.4 Generate Scenarios -- Using the mission objective function and the
weighting factors, possible route adjustments which avoid the

nuclear threat will be generated. The fuel and timing rule base
and tactical doctrine will direct the adjustments.
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Establish Coarse Routes Breakdown

7.1 Preplanned Route Selection -- Coarse trajectories may be computed in
advance and stored in the mission data base. The Trajectory
Manager will select an appropriate course route.

7.2 Generate Coarse Routes -- Coarse trajectories may be generated by the
Trajectory Manager. Information from the threat, target, mission,
and current global trajectory data bases will be combined with the
mission objective function and solutions received from the Mission
Strategist. The coarse route generation will output waypoints and
targets to be added, deleted, or changed.

7.3 Construct Trajectory Objective Function -- This function combines
mission goals and vehicle performance optimization objectives.
The Trajectory Manager will call upon the coarse route, mission
objective function, mission data, and current global trajectory.

7.4 Normalize Weighting Factors -- The Trajectory Manager will normalize
the weighting factors generated by the Mission Strategist.

7.5 Plan New Trajectory -- The Trajectory Manager will determine the
mission waypoints and targets for the reroute situation. The route
will be based on tactical doctrine, mission objectives, and current
global trajectory.

134




7.0 BREAKDOWN

ESTABLISH
COARSE
ROUTES
7.1 7.2
MISSICH
PREPLANNED MISSION GENERATE DATA BASE
SELECTION ROUTE GUIDELINES
MISSION
OBJECITVE
FUNCTION
7.3
| COARSE ROUTE
TOOR AJ‘ ‘EEF;%%L MISSION OBJECTIVE FUNCTION
ORJECTIVE MISSION DATA BASE
FUNCTION CURRENT TRAJECTORY
L VEHICLE PERFORMANCE DATA
7.4
L COST OBJECTIVES
NORMALIZE MISSION DATA
WEIGHTING
FUNCTIONS CURRENT TRAJECTORY
75
TACTICAL DOCTRINE
PLAN NEW
CURRENT T Y%
TRAJECTORY RAJECTOR
MISSION DATA

Figure 5-4 OSD: Deconfliction -- Avoidance of Nuclear Threat (Continued)

135




Compute Optimal Trajectory Breakdown

8.1 Schedule appropriate trajectory generation process -- A set of
algorithmic processes have been established which generate a
flyable, real-time trajectory. The Trajectory Manager will choose
one or more of the processes depending on the situation. The data
used will include the coarse route, mission objectives, tactical
doctrine, aircraft characteristics and solution guidelines.

8.2 Initialize Trajectory Generation Process -- The Trajectory Manager will
provide the selected process with the data needed to carry out that
process.

8.3 Activate Trajectory Generation Process -- After the process has been

initialized, it will be activated. The optimal solution will be
generated and displayed to the crew via the PVIL.
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Generate Control Commands Breakdown

14.1 Identify Control Mode -- The crew will select the control ode ' pe
either manual, coupled autopilot, or flight directc.. The 'I'rajectory
Marager will receive this information via the PVI.

14.2 Generate Real-time Commands -- The Trajectory Manager will need
the following information: route plan and tr..:ectory, vehicle status,
and system time.

14.3 Qutput Control Commands and Status -- The following information
will be forwarded to the Trajectory Follower and to the crew:
heading and rate commands, altitude and rate commands,
Mach/true airspeed, pitch angle and rate, bank angle and rate,
throttle percentage, and wing sweep.
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RELOCATABLE TARGET DEMONSTRATION

1.0 Monitor Situation -- The Mission Strategist will continuously receive
mission data, global trajectory data, and event information.

Display Discrepancy to ©rew -- The crew will be informed of any
discrepancies between the planned and the actual route. The
Mission Strategist will update the PVI to display the information to
the crew.

2.0 Update Data Bases -- The Mission Strategist is responsible for
constantly updating the data bases based on the incoming
information received.

3.0 Generate Mission Objective Function -- The Mission Strategist will use
knowledge rules, derived from the strategy rule base, to interpret
the mission data, aircraft characteristics, and tactical doctrine.
The mission objective will support target prioritization and aircraft
flight conditions.

4.0 Formulate Solutions -- The Mission Strategist will construct solution
guidelines which will support the mission objective function.
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5.0 Issue Route Change Request -- The Mission Strategist will send a route
change request with the solution guidelines to the Trajectory
Manager. The guidelines will optimize the trajectory for the actual
point of entry into the target search area.

6.0 Target Reprioritization -- The Mission Strategist will adjust the priority
of targets based on the evaluation done when formulating solutions.
Because of the location of the bomber, the targets capable of being hit
while still remaining within an envelope of the preplanned route
may be altered.

7.0 Update Data Base -- The target data base will be updated with the new
priority assignments.

8.0 Establish Coarse Routes -- The Trajectory Manager will derive a coarse
route based on heuristic and rule based approaches that minimize
threats and maintain mission objectives.

9.0 Compute Optimal Trajectory -- The Trajectory Manager will fine tune
the coarse route by addressing aircraft performance characteristics
and the external environment for the optimal route generation.

The optimal trajectory generation process will repeat and display
updated routes to the crew until a route has been accepted or
rejected. Updates are required while the aircraft continues enroute
changing the current conditions, which may effect the optimized
route, while the crew makes a decision.

Display Optimized Route to Crew -- The proposed trajectory through

the target search area will be displayed to the crew for acceptance or
rejection.
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Crew Decision Regarding Route -- The crew will make a decision to
accept or reject the suggested solution.

10.0 Interpret Mission Data -- The Mission Strategist, which is
continuously monitoring incoming data, will receive the crews
decision to accept or reject the recommended trajectory.

11.0 Assess Situation -- The Mission Strategist will then determine the
impact of the crew decision and the processes which must follow.

12.0 Update Data Bases -- The Mission Strategist will update the
appropriate data bases with the appropriate route information.

13.0 Generate Another Route -- If the crew rejects the optimized route
displayed then another route will be generated starting the process
with box 3.0.

14.0 Prioritize and Execute Processes -- If the route is accepted by the crew,
then the Mission Strategist, acting as the system executive, will
prioritize and oversee the functions to be carried out by the FM
functions for the route to be updated.

Control Mode -- At some point in the mission, the crew will decide
which mode of control to use (manual, coupled autopilot, or flight
director). This information will be interpreted by the Trajectory
Manager.
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15.0 Generate Control Commands -- The Mission Strategist will evoke the
Trajectory Manager to generate real-time control commands for the
new route. The Trajectory Manager will generate real-time aircraft
position, velocity, and acceleration state commands that will be used
by the Trajectory Follower to control the aircraft along the computed
course.

16.0 Provide Commands by Control Mode -- The Trajectory Follower will
provide control commands depending on the mode of operation

(manual, coupled autopilot, or flight director). The selected mode,

system time, vehicle data, and control commands are the data
required by the Trajectory Follower.

17.0 Track Aircraft Variables -- The Trajectory Follower will monitor

vehicle data and track aircraft variables to meet objectives of the
mission segments.

Display Control Commands -- Control effecter commands (ailerons,
rudder, thrust) and steering cues will be displayed to the crew, via
the PVL
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Monitor Situation Breakdown

1.1 Interpret Mission Data -- The mission data and global trajectory data

will be received by the Mission Strategist continuously throughout
the mission.

1.2 Assess Situation -- Knowledge rules from the strategy rule base will be
applied to the incoming mission and trajectory data to determine
the status of approaching target area. The current location of the

bomber will be compared with the preplanned arrival point to the
target area.

1.3 Discover Discrepancy -- The Mission Strategist will detect a difference

between the preplanned arrival point into the target area and the
actual arrival point.
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Formulate Solutions Breakdown

4.1 Coordinate Responses of FM Functions -- The FM function status and data
base updates will be interpreted based on their effccts on the mission objective.

4.2 Evaluate Tradeoffs Between Mission Parameters -- Knowledge rules
will be used to generate cost functions for the mission parameters.
Knowledge rules will be obtained from the strategy, route selection,
and fuel and timing rule bases. Mission parameters include
targets, waypoints, threats, and launch times.

4.3 Compute Weighting Factors -- The weighting factors assigned to the
mission parameters will be prioritized based on the trade-off
evaluation.

4.4 Generate Scenarios -- Solution guidelines will be constructed based on
the weighting factors of the mission data, the mission objective, and
tactical doctrine. The solution guidelines will include possible route
adjustments and the reprioritization of targets.
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Figure 5-5 OSD: Relocatable Target Demonstration (Continued)
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Establish Coarse Routes Breakdown

8.1 Preplanned Route Selection -- Coarse trajectories may be computed in
advance and stored in the mission data base. The Trajectory
Manager will select an appropriate coarse route.

8.2 Generate Coarse Routes -- Coarse trajectories may also be generated by
the Trajectory Manager. Information from the threat, target, and
mission data bases will be combined with the mission objective
function and solutions received from the Mission Strategist.

8.3 Construct Trajectory Objective Function -- This function combines
mission goals and vehicle performance optimization objectives. The
Trajectory Manager will call upon the coarse route, mission
objective function, mission data, and current global trajectory.

8.4 Normalize Weighting Factors -- The Trajectory Manager will normalize
the weighting factors generated by the Mission Strategist.

8.5 Plan New Trajectory -- The Trajectory Manager will determine the
mission waypoints and targets for the reroute situation. The route
will based on tactical doctrine, mission objectives, and current
global trajectory.
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Compute Optimal Trajectory Breakdown

9.1 Schedule appropriate trajectory generation process -- A set of
algorithmic processes have been established which generate a
flyable, real-time trajectory. The Trajectory Manager will choose
one or more of the processes depending on the situation. The data
used will include the coarse route, mission objectives, tactical
doctrine, aircraft characteristics and solution guidelines.

9.2 Initialize Trajectory Generation Process -- The Trajectory Manager will
provide the selected process with the data needed to carry out that
process.

9.3 Activate Trajectory Generation Process -- After the process has been
initialized, it will be activated. The optimal trajectory through the
target area will be generated and displayed to the crew via the PVI.
The crew will make a decision to accept or reject the suggested
solution.
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Figure 5-5 OSD: Relocatable Target Demonstration (Continued)
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Generate Control Commands Breakdown

15.1 Identify Control Mode -- The crew will select the control mode to be
either manual, coupled autopilot, or flight director. The Trajectory
Manager will receive this information via the PVI.

15.2 Generate Real-time Commands -- The Trajectory Manager will need

the following information: route plan and trajectory, vehicle status,
and system time.

15.3 Dutput Control Commands and Status -- The following information
will be forwarded to the Trajectory Follower and to the crew:
heading and rate commands, altitude and rate commands,
Mach/true airspeed, pitch angle and rate, bank angle and rate,
throttle percentage, and wing sweep.
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Section 6

CONCLUSIONS

This Concept Definition of FM represents the initial phase of a study that is
directed to exploring the MMI issues inherent in the development and integration
of an FM avionic subsystem into a manned, penetrating bomber weapon system.
It is a graphic description of the logical flow of events and an examination of the
relationships between the subsystems, including the crew. The current effort
represents one of the first steps, a Function Analysis, in the design and
demonstration of "optimum"” display formats. The resultant functional
description of a FM system included subsystem interactions, interdependencies,
and a hypothetical flow of data and information through the system. The objective
of this effort was to lay the groundwork to support continued FM MMI conceptual
design and analysis.

There were four FM MMI overall requirements addressed in the introduction to
this report. The first requirement, the development and documentation of
"optimum” conceptual display formats, was the overriding concern in developing
a "human-centered" technology. Crew system information requirements should
impact design of these formats. In defining system requirements, attention must
not only be paid to what information is required by the operator, but also to how
and when that information will be presented. There are four products of the
graphic concept definition that provide the foundation for that information
requirements analysis. The mission scenarios and OSD diagrams provide an
insight, in terms of the sequence of operational responses to unplanned events.
In addition, the semantic maps, in current form and with continued
development, provide an enhancement to the knowledge base in regard to the
complexity and type of information required. The fourth product, IDEFO0
diagrams, defined the flow of information through the system.

Semantic maps afforded an examination of the objects of the system and provided
a glimpse at the relationships between those system objects. Continued modeling
of the system concepts, with IDEF0 diagrams, not only represented the flow of
information through the system, it also examined FM functionality in terms of
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system activities. The model also illustrated the interdependencies of FM
ancillary subsystems.

The second requiremeni was to integrate a software development/ demonstration
FM processor into the DET 1, AL/HED SABER advanced conceptual bomber crew
system simulator. A thorough understanding of the system functionality and
interdependencies, achieved with the IDEF0O model, provides the foundation with
which to define hardware linkages and will also support development of the
software specifications.

The third requirement was to conduct a laboratory, part-mission demonstration of
the FM avionics concept in the SABER facility. The part-mission scenarios,
described in this report are prototypical scenarios to be utilized for a concept
demonstration of FM. Utilization of these particular scenarios provides the
mission context specific to three FM problems. The OSDs, event timelines and
scenario narratives provide the foundation for concept demonstration. Measures
of merit, derived from user requirements that test FM effectivity, survivability and
flexibility will be applied.

A fourth requirement for FM MMI support addresses the assessment of FM MMI
dispi2y formats. A "strawman" road map for FM MMI conceptual display
development was provided (Figure 1-1) in this report. Development of display
guid-lines and “optimal” display formats occurs during the Function Allocation
phase of the Concept Definition. At this time, the assessment criteria developed
as a product of Information Analysis are addressed. These criteria will be
appl'ed to provide review and critique of display formats as consultative support
to Fi 1 subsystem development organizations in both government and industry.

The .reliminary Function Analysis accomplished during the current effort
suppcrts the "first steps” ir. addressing the above issues of FM MMI
requirements. The resulting products: technology-free part-mission mini-
scenario narratives, based on Boeing scenarios; concept/semantic map
representation of system objects, attributes, and relationships; an IDEF0 FM
system activity model, that includes data and information flow and system
interdependencies, provide a multi-faceted concept definition of FM.
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RECOMMENDATIONS

Complete understanding of user requirements is critical in design and
development of MMI in FM systems. The analysis completed for this report
addresses user requirements in terms of system functional capabilities. The
intent of this initial Concept Definition was to lay the groundwork for continued
investigation of user requirements at the level of the system MMI. Ongoing user
involvement in continued Concept Definition is recommended to ensure validity of
system concept.

There are two reasons for including the operator-in-loop at the Concept Definition
level of system development. Not only is veridicality of user requirements
confirmed, but a level of acceptance in the user community is achieved. This
acceptance of design concepts is typically expected only of fielded system
demonstrations that exhibit the ability to satisfy user requirements and have built
a "track record” of successful responses to unplanned events. However, the goal
is to show, in the FM Concept Definition and Demonstration phase of
development, an increase in mission effectivity, system flexibility, and
survivability in response to unplanned events.
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