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Outline

B Problem statement
B Design formalism
B Solution methodology

B Team Optimal Design (TOD) optimization and
simulation

B Example of results
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« How do you bridge the gap
between operational concepts
and system development?
Does a process exist to
conduct trade-off or sensitivity
analyses?

What mechanisms are in place
to provide traceability and
repeatability of methods?

11011011 00

0000110 10

==r 001100 001111
0111111011
0111000010 111

1100001000001
000111000
011100100 1
00011111001
11000 1110
011 11100

[/ —— 1'—""‘]‘;],_/"/’

| ] m [ I ')/




General Relationship Between Acquisition and TOD

Acquisition Process

. : m .
Operational | Requirements - Syste | Human-in-the-
> » Design and )
Concepts Documents : loop Testing
Testing
Overall System |
Objectives Specifications DeS|gn
Questions
Operational Roles Experiment plan
and Responsibilities Hypotheses
v il Expected results
Functional J Task Models R Organlgatlonal | Sensitivity
Models Designs Analyses

lterative Design Process

Team Optimal Design (TOD)




Modeling & Simulation Analysis Benefits

B Evaluate operational structures
¥ Expectations for crew size and composition
¥ Predictions for human-in-the-loop testing
¥ What-if analysis for mission parameters
¥ Initial training requirements
B Evaluate organizational structures
F Optimized organizational structures and processes
¥ Integrated organizational solutions
¥ Additional crew and training requirements
B Evaluate system design
¥ Link system design to operational requirements
¥ Interface design
E Performance metrics

# Cost Effective
¥ Model early in the program life cycle to avoid costly redesign later




TOD in the System Development Process

B Obijective
B Transition functional system requirements into specifications
for operator in the loop testing
¥ Approach
¥ Mission task model development
F Optimized design of mission crew composition and organization
F Sensitivity analyses to explore system design options
¥ Incorporate subject matter expert inputs and review

B Results

Global view of human-machine system performance

Definition of number and types of operators

Organizational structures and expected performance parameters
Diagnosis of potential problems shapes operator in the loop tests
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Design Formalism

Modeling attributes:

B The tasks that must be
accomplished and their
interrelationships (the “mission™)

B The external resources needed
to accomplish those tasks (e.g.,
information, raw materials, or

MISSION ANALYSIS

Mission

equipment), and RESOURCE
. . ALLOCATION
® The human agents (decision
makers) who will constitute the What it takes Who does what

to complete

team

Human
Decision-
Makers

Resources] <
Who owns what &

Who knows what

TEAM STRUCTURAL
ENGINEERING

What can be
replaced by
what

FUNCTION
ALLOCATION

Who talks
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Team Optimal Design (TOD) Model

DPhase A: Event-Task
Mission Mapping - . -
Representation Optimization of team
Phase B: O[:)StiI:‘liZc;-)dllTask manning based on
cheaulin
\ L] Tk Resource o eOperator workload

Info Requirements .
Clustering Tasks eExecution delays
into Roles

Phase D: Coordination & ™
e Communication Specs
Design Teamwork

Design

Objectives, Team Design
Criteria, 4o LI B (Structures
C traint - Organizational
onstraints J N Structuring Processes)

B Normative methodology
B Relies on operator-task allocation heuristics to determine operator profiles

B Relies on SME judgment to frame the design problem
decompose an overall mission (or goal) into specific tasks
specify the relationships between tasks

specify the resources needed to complete the tasks
specifying the criteria to be optimized for the team, and

specifying the task scheduling and communication rules employed by human .
agents modeled in TOD. Y

e Cs | Operator Role Definition/ PY EXGCUtiOn accura Cy




TOD Simulation Architecture

Temporal task
» Organizational objectives assignment &

- Operator expertise task value Workload
* Training requirements controller

* Accepted
Reiected task tasks
Mission ejected tasks
—>

Commander
Events

Commander

‘ Task queue
\ 4

- -
- ‘ ‘ ‘ ‘ - Priority rule =9 Task selection
Temporal Rejected v
task { ] [DM } (DM J tasks . i ]
assignment W, . Expertise  L_ipy| Task execution

Learning
& task values

-
.

(a) Commander architecture (b) Operator model

Model:
B Teamwork

¥ Interactions among operators (agents)
B Taskwork

¥ Individual task selection and execution &




Task Selection & Execution in TOD

As?ﬁ:‘:g;ﬂi‘;)set Modeling variables:
ces B Operator Workload
\ ® Depends on load of tasks
executed

*Accuracy model Accuracy

®  Accumulated (latent)

*Agent expertise Calculator .
effect over time
task accuracy I Affects task execution
‘Uncertainty SEV efficiency
model Criterion —1,| ® Operator Competence
Learning { B |Initial expertise

Effect

task

attractiveness B Task execution pattern

affects the competence
= Effect of learning
» Model memory
E Mitigates impact of
workload on task
execution

B Task Accuracy
B Efficiency of task

Stochastic
Choice

Mimic human
decision-making

>
>
/ .
4

Dynamic

Workload

selection
probabilities

Task
Selection

select"d task execution
Task Depends on
= QOperator workload

Processmg = QOperator competence




E-10 Organizational Modeling: Objectives

B Develop a Battle Management Configuration to support a
wide variety of missions

B Define operational roles for E-10 (MC2A) operations
¥ Who does what, when, where, and how -- to assure maximum
efficiency and effectiveness?
F Results will contribute to Program Obijective
Memorandum (POM) Manpower Estimates and system
requirements definition

Ensure Fit Between MC2A Core Components

Technology Process
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~ MC2A Organizational Modeling: Process

Phase 1: Functional
Knowledge —* Representation
Acquisition of MC2A
n v
| Phase 2:
] Model of MC2A
Model __’ Operations

Development

! !

Phase 3: Alternative
mmmmmmmmmmmmmmmeo Organizational — MC2A
Analysis Organizational
B Phase | Knowledge Acquisition Designs

¥ Extensive coordination with subject matter experts
F Phase 2 Model Development

B Specification of task-flow diagrams

P Link tasks to scenario events
B Phase 3 Organizational Analysis

B Information clustering for role specification

¥ Definition of crew composition
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TOD Process

Objectives:
B Minimize workload

B Operator-needs analysis .
¥ Balance across operators B

B Minimize delays

® Tradeoff between availability B

of operators and

communication delays
B  Maximize execution efficiency I

B Sustain workload to

maximize task accuracy
® Pattern of task execution to

maximize accuracy
= Achieve learning

Increase expertise

Design variables:

B Manning: Team composition

Communication structure: Who talks to whom
Operator roles: Who does what

Find impact on performance from:
Optimized task assignment

B Technology insertion

B Improved backup potential

Greater breadth and depth of skill/expertise

Training/human
ops constraints

v

Estimated

Operational Team size and
contingencies agent roles < Worl.doad
optimization

operational

required
capabilities

concepts & ||

A 4 h 4 T

Functional
mission
decomposition

Simulation:

i OPTIMAL
Scen.arlo TOD Scheduling Performa.nce CONFIGURATION
design analysis SELECTION

Engine

v

1 Events/tasks modeling ’

Measures: task
delay, workload,
execution tempo

MTW, SSC, AEF Agent-task
scenarios assignment




Example: Scenario Development

Define Function-
Task Flow

Define
Functions

Develop Event-Task
Flows by Removing
Duplicate Tasks

Mission
Scenario

Define Define Event-

Events Function Flow
Task development: .
. B Process air/space tasking order changes §:§
Function development: B Determine availability of alt. sources .
B Basic surveillance routine B Respond to unforeseen abort 5
B Coverage assessment B Identify alternative resources for mission ;}
¥ Modify sensor tasking B Notify affected aircraft/units of surface ~ ©
B Dynamic sensor management coordinating measure changes
B Target development E Identify likely friendly targets g
B Radar service request B Prioritize targets
B Process indications and Monitor current battle Assess changes in 5\
Warning picture EBO g:
. 1 ] i
B Perform Cross-Cueing ———— EI
) . Review geolocation ATO Execution :
B Jammlng/EIectronIC Support of targets/threats E
B Nominate dynamic target list g ' 3 EI
= . Risk assessment for Determine tactical ?
Sample Distribution of Event Start Time} Sample Distribution of Event Start Tim friendly assets significance EI
g il g Determine impact on ocuse
0 [l TR | planned operations Surveillance EZ?:;? C:::e E
g ﬂ,ﬂ Wil - Y Support PP ]
= LN Wi s \ Pass threat ]
=1 KAl | h =2 I JI Vg ol r i information ;
b i "F | :_,__"-'"\-';fr '-H‘ﬁ-’ ¢ N " My | (a) Task Flow within the Function (b) Functional Flow within the Event ]
L Y | | d Lo “Assess Active Threats” ;

Scenario Time Scenario Time



Mission
Scenario

Task clusters:

Example: Roles Definition

Extract Event-
Task Flow Graph

Roles:

Cluster Tasks based on
Information and Flows
Requirements

Define
Operator
Roles

B External coordination B Command — mission command and leadership
¥ Schedule re-planning B Assessment — interpretation of operational picture
: :‘(;gl:]tmigﬁgﬁme”t ¥ Battle Management — command and control of operations
B Sensor control B Surveillance — generation of operational picture
®  Threat management B ISR Allocation — control of ISR assets (constellation)
] Asset coordination
- _ll?atakrréanagement ; Proposed E-10 Mission Crew
L rack & target coordination - - Commander
B Situation assessment organization: !
B Collection management Director of
B Target development Operations
B Surveillance g ¥ 3
B Surveillance Assessment Senior Di
) . enior Director
B e Officer Officer
Crew design Task delay  Coordination Workload = 2 =
Model-based 40.36 5877 44.41 Surveillance Assessment Battle
Integratgd 31.35 4889 44.27 Team (5 Ops) Team (5 Ops) Management
Percent improvement 22.32% 16.81% 0.31% Team (10 Ops)




Example: Simulation Results

(a) MTW Scenario (b) Contingency Scenario
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Conclusions

B Developed organization design methodology
based on mission-function-event-task
decomposition

¥ Model teamwork and taskwork

I Individual task execution and selection optimization

I Task execution effectiveness based on expertise and
limited-memory learning

B Applied to design crew for E-10 aircraft

I Developed contingency-based missions

I Design organizations for specific missions and for all
considered essential missions with specific tempo
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Future Work: Model-Based Tutoring System

TOD Synthetic Training
Simulation Environment — Specifications —

Functional
— mission <
decomposition

v

Contingency-based [4| | Scenario Dynamic scenario
mission scenarios design adjustment

Operational concepts &
required capabilities

Events/tasks
modeling

Operational
contingencies

l Training needs:
Simulation: ] » Agent-Task prioritization
— TOD Scheduling q Dynaa:jr_l:;:tfnt;ttegy h « Agent-Task execution
Engine ! » Operator expertise
‘ * Team coordination

Measures: task Performance
delay, workload, = analyses &

execution tempo comparison

L l )
* Critical mission events
« Strategy effectiveness

» Organizational bottlenecks
* Information processing pattern

agent-task

Optimized
assignment

feedback




