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EXECUTIVE SUMMARY 
 

The PhD project has evolved from focusing on the technical problem of the integration and 

interoperability of an assemblage of complex systems and SoS within a flight training system 

to development of a workflow process using frameworks to aid the decision making process 

for the selection of optimal flight training blending mixes.  The focus of the research involved 

developing a methodology to satisfy research project proposal requirements agreed upon with 

the industrial sponsor.  This thesis investigates the complexity of a modern flight training 

systems and the need for understanding that it is supported by a complex Family of Systems 

(FoS) including Virtual Reality Training Environments such as flight simulators, to live 

training aircraft with various configurations of avionic controls.  One of the key technical 

problems today is how best to develop and assemble a family of flight training system into an 

integrated Live / Synthetic mix for aircrew training to optimise organisation and training 

objectives. 

With the increased use of emulation/synthetic data on aircraft for live training, the synthetic 

boundary is becoming increasingly blurred.  Systematic consideration of the most appropriate 

blend is needed.  The methodology used in the research is model driven and the architecture 

produced is described at a level of abstraction to enable communication to all stakeholders for 

the means of understanding the structure involved in the system design process.  Relational 

Oriented Systems Engineering and Technology Trade-Off Analysis (ROSETTA) frameworks 

are described using Model Based Systems Engineering (MBSE) techniques for supporting 

capability based trade-off decisions for selection of optimal flight training FoS mixes 

dependent on capability.  The research proposes a methodology and associated methods 

including a high-level systematic closed loop information management structure for blended 

device/tool aircrew training and a modelling and analysis approach for the FoS aviation 

training problem to enhance the existing training programmes to provide a more efficient and 

agile training environment.  The mathematical formalisms used provide a method of 

quantifying subjective opinions and judgements for trade studies to be accomplished on the 

suitability of technology for each student pilot in relation to training and organisational 

objectives.  The methodology presented is by no means a final solution, but a path for further 

research to enable a greater understanding of the suitability of training tools / technology used 

to train individual pilots at various stages throughout the training pipeline lifecycle(s). 
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APPENDIX A RESEARCH PLANNING 
The planning for the research project began with identifying the systems problem moreover 

why BAE (industrial sponsor) requested investigation into the management of complexity 

within the flight training system regarding the technology used for to prepare student pilots 

for readiness.  Included in the problem space was to develop a conceptual model of the FTS 

which would eventually be able to be evolved for the analysis of the appropriate blending 

mix needed for each respective student pilot.  Modelling and simulation (M&S) techniques is 

seen to be required to advance current evaluation methods, which is over reliant on instructor 

opinions, to permit other decision makers to become involved and understand how human 

and technology factors integrate into one seamless assessment method for pilot progression.  

It was clear from the offset that a workflow process is needed that offers a sequence of 

activities which both the student pilot and the decision maker have to follow.  The key 

objective of the research is to investigate the suitability of the ROSETTA framework for 

trade study analysis to help decision maker decide on which system of the FOS to use at each 

point of the training pipeline. 

With time limitations a key problem area for the PhD a number of potential solutions was 

identified including how to organise the framework in a formal but easy to understand 

structure that integrates both human and technology factors.  At the early stages of planning it 

became clear that one ROSETTA style framework would be insufficient to analyse the 

complexity of the FTS, therefore, the potential solution involves a number of disparate 

domains, which gives a fuller representation of the inclusion of the frameworks into a 

workflow process.  Following the white box solution brainstorm, the main issues are 

identified including noting the limitations of tools, the time available, and the lack of SME 

participation (due to the current condition of the economic climate).  A number of potential 

verification procedures are identified for the simulation of the mission scenarios with HITL 

participation along with how to obtain volunteers to take part in the research.  However, with 

time in short supply and the evolution of the relationships in the ROSETTA framework to go 

through a number of iterations before any meaningful information and ‘patterns’ can be 

established, it is deemed the boundary of the research should be limited to the verification of 

the frameworks and workflow tool, with discussions of why short term evolution of 

relationships is required before estimations of FoS suitability for student pilots can be 

established.  The Mind Map used for planning is seen in Figure A. 
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Figure A Planning Mind Map for Research Project
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APPENDIX B LVC Capability Descriptions 

Table I Live, Virtual and Constructive Capability Description 

Training Environment Description 

Virtual Simulation Real people operating simulated equipment in a virtual 

environment 

Constructive Simulation Real people employing decisions on the basis of information 

constructed by a computer system 

Live Simulation Real people operating real equipment with simulated effects in 

a live environment 

Synthetic wrap Use of live and virtual simulation to provide extended battle-

space for training. 

APPENDIX C Technology & Human Issues 

Table II Mission Scenario Technical and Human Issues 

Advanced Technology 

Systems 

Pilot Flight Displays 

Multi-Functional Displays 

Traffic Displays 

Weather Displays 

Terrain Displays 

Autopilots 

Higher-Order Thinking 

Skills 

Analysis, synthesis, and evaluation 

Aeronautical Decision Making 

Situation awareness 

Pattern Recognition (procedures) and Decision making 

Automation Competence 

Aeronautical 

knowledge and 

skills 

Planning and execution 

Procedural knowledge 

Psychomotor (hand-eye) Skills 

APPENDIX D INTERACTION CRITERIA 

Table III Human-Machine Interaction Criteria 

Types of Criteria Criteria 

Human-Machine Interaction 

Duration of the tactile task 

Frequency of the task 

Repetitiveness of the task 

Gestures used 

Task difficulty / accuracy 

Human Physical Capability 

Working Posture 

Lateralization 

Visual control 

Vibration 



4 

 

APPENDIX E FSTD Qualification  

Table IV Qualification Level and Level Requirement for FSTD (amended from JAR-FSTD, 2008) 

Military sensors (features) 

Qualification level General technical requirement 

1 Generic sensor performance but with correct switchology 

2 Representative sensor performance 

3 Specific sensor performance (including the effects of weather) 

A Sensor integrated with other databases (‘within’ same FSTD) 

B Abnormal and failure modes are included 
 

Level 3 (specific) requirements (cooperative player) 

Feature Requirement 

General Specific models, exactly corresponding to the training theatre 

with exact player behaviour 

Specific interaction The interaction with the model is correct 

Visual appearance The visual appearance should enable the recognition of 

player at realistic ranges and show enough detail 

Detectability The detection range of the representative player deviates less 

than 20% from the known detection ranges 

Dynamic behaviour Dynamic behaviour which is specific for the cooperative 

player 

Threat and target sensors Player sensor emissions are detected at realistic ranges 

Weather effects Detection range shall be affected by weather. 

APPENDIX F Keyword Analysis 

Table V Strategic Goals through Keyword Analysis 

Identification Example keywords 

Intentional In order to, so that, objective, aim, achieve, avoid, ensure, expected to, 

guarantee, maintain 

Prescriptive Shall, must, should not, has to, may not, will have to 

Amelioration Increase, improve, decrease, enable, support, provide, make, enhance. 
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APPENDIX G USE CASE REQUIREMENTS 

This appendix is an elaboration of Volume I Chapter 6.3, discussing the final use case 

development process of the DSS system and associated workflow process involving a final 

recursion back to requirements to enable the model of the DSS to evolve during its lifecycle 

use.  There is a brief description on the operational intent of the use cases with respect to the 

workflow process, with most of the specific details on the functionality expressed within the 

figures.  For further information on various functions and how they ‘fit-in’ within the global 

operation of the DSS, please refer to Volume 1, Chapter 7. 

A further abstraction of the ‘Perform Pre-Pilot Assessment’ Use Case of Volume I Figure 33 

is illustrated in Figure G 1.  To ensure a streamline training process for all student pilots, the 

acceptance criteria has to be reserved for those who are more likely to achieve the readiness 

levels needed to obtain their wings.  Therefore, a screening process is strengthened by using 

various ‘online’ assessment questionnaires and/or interviews.  Of primes importance is to be 

able to filter out those who are deemed unsuitable for training because their personal traits do 

not fit the criteria for training.   As VRTE technology with varying levels of physical fidelity 

is used for cost effective training, for safety reasons each prospective participant needs to be 

assessed for simulator sickness as those who an extremely perceptive to visual and physical 

distortions may be deemed unsuitable for modern flight training programmes or need 

preferential training involving considerable less synthetic mixes.  

Currently, most training programmes are governed and organised by training contractors who 

produce standardized lecture material, which is presented by instructors in a typical 

classroom method.  Therefore, it would be useful to gain knowledge of each prospective 

student pilot preferred learning style to appraise how they would cope with the method of 

teaching training material and whether interventions might be needed to assist in 

safeguarding those student pilots who have the skills for pilotage but who’s preferred 

learning style is not preferable with how the information is going to be presented.  Finally, for 

the initial stage of training, knowledge of how the participant copes with stress and pressured 

situations would be useful when it comes to planning mission scenarios in the early stages of 

training to ensure minimisation of the ‘startle’ factor and to avoid a reduction of confidence 

levels.  Thus, an assessment can be implemented to gain a ‘feel’ of how participants handle 

these adverse conditions. 
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Figure G 1 Further Abstraction of Perform Pre-Pilot Assessment Use Case 

The ‘select and Evolve Mission Scenarios’ Use Case of Volume I Figure 33 is expanded in 

Figure G 2.  Functionality involving the human factor issues, which surrounds performance 

and mission planning tasks in relation to each student pilot, is considered.  The tasks that 

create the mission scenario are assigned difficulty metrics, which may consider the ability of 

the student pilot (assignment of metrics up to decision maker discretion).  The task include a 

number of activities (re: Volume I Figure 22) and there may be correlations between tasks 

that relates to the task importance levels.  Consideration of the workload difficulty for the 

pilot needs to be evaluated; this may include the distinction between disparate training 

technologies whilst planning the missions.   Estimation of performance of the student pilot in 

successfully completing mission goals and objectives is important for instructors to gain a 

notion of their own subjective judgment of the student pilot’s ability.  The basis of this 

exercise is to assist the instructors in planning follow-on missions for each student and setting 

of difficulty levels to ensure that student pilots are tested to their ability and the training 

missions assist those gaining relevant K&S.  For assigning difficulty metrics to tasks, more 

detailed information regarding how each task in the mission scenario is related to another can 

help assessing how difficult achieving one task is with the knowledge of the next task in the 

sequence of the mission; the <<refine>> dependency relationship signifies that further 

information can be sent from another function if needed. 

Perform Pre-Pilot
Assessment

Gather Student Pilot
Personal

Characteristics

«include»

Assess For Simulator
Sickness

«include»

Evaluate Student
Pilot Learning Style

«include»

Assess Personal
Allocation Attention

«include»

To obtain personal charateristics of the student, e.g. age, experience, etc. 

pre-acceptance questionaires are used.  The results obtained from the 

questionaire will be used to assess the suitability fo the student and can be used

to categorise the ability of the the student.

With ground based VRTEs being used within the training system, some visual 

distortion can, in some circumstances, cause nausea and dizzyness.  This 

simple function is to attempt to identify any subjects that might sufer from 

symptoms.

To identify the student pilot 's preferred learning style, this function involves 

a questionaire which is used to predict any learning difficulties associated with

a standard lecture and classroom activities; it  also gives indication of who will

require more one-to-one learning interventions.

Part of military flight training is to train behaviour of a pilot which will still 

be at an acceptable level in high stress situations, this function assists in 

obtaing a subjective view of the pilot abaility to perform under stressful or 

unusual conditions.
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Figure G 2 Further Abstraction of Select and Evolve Mission Scenarios Use Case 

The main objective of the DSS is to assist decision makers in the correct choice of blending 

mix as per the ‘Choose Blending Mix’ Use Case in Volume I Figure 33, which is further 

abstracted for more detail functionality in Figure G 3.  It is perceived that the choice of 

blending mix occurs pre-flight and in some instances pre-planning of the mission scenario.  

Of interest are the similarities and differences between systems within the FoS and how these 

differences, along with the planned mission, affect the attainment of K&S for the student 

pilot.  There are strong dependences to each function and each function requires large 

amounts of data for analysis to be accomplished and it is within these functions that the 

ROSETTA framework will be used to organise the data and provide analysis functions.  

Within the figure are traces to relevant requirements to certify that these functions describe 

the main functions of the DSS framework and these above others have to be concentrated on 

within the design process. 

 

Estimate MoP of
Student

Assign Difficulty
metrics to tasks

«extend»

Decompose
Mission Scenario

into Tasks

«extend»

Decompose Tasks
into Activities

«extend»

Obtain Sensitivities
and correlations
between tasks

«extend»

«refine»

~

Given the nature of mission scenario and the pre-brief, the mission 

scenario has to include levels of information needs for a particular 

student. The difficulty metrics for each task will determine the 

amount of information required to successfully complete the tasks in 

the mission scenario. The level of information needs will depend on 

the cognitive needs of the student.  Further Information on MoP is at

the task Level.
ILS (1) - Task Level (8)

The difficulty metric is assigned to the various tasks and activities to 

give an indication of how challenging the mission scenario is for each 

resepctive student.

In order to obtain a progress metric for students, the training mission 

needs to be divided into various tasks to permit tolerance constraints 

with which to grade the students.  This operation and method is 

performed by a Decision Maker (Instructor).

The activities within the tasks are important to associate the levels 

of workload the student pilot will endure during the training mission.

This function is required to assess any further inflight difficulty to 

assist the decision maker in assigning difficulty metric.  This can also 

be used to assess performance tolerance (f-fo, f, f+fo) of the tasks.  

This can be associated with dynamic modelling and as an option for 

identification of relationships and trades within the requirments 

mission model of ROSETTA.

Awareness (6)

(12)

Estimate Workload
for Tasks

«extend»

~

Select and Evolve
Mission Scenarios

«include»

«include»



8 

 

 
Figure G 3 Further Abstraction of Choose Blending Mix Use Case 

Figure G 4 expresses a further abstraction of the ‘Estimate MoP of Student’ Use Case of 

Figure G 2.  The function includes assessments concerning situation awareness to gain an 

appreciation of the student pilots understanding of the mission scenario goals and objectives.  

The information obtained within the parent use case along with its children is used to assist 

the decision maker in estimating the mission success for each respective student pilot, which 

intern is used as the basis for evaluating the task load.  There includes a main student file, 

which is part of the student database directory where relevant evaluation metrics are recorded 

for documentation to give an indication of positive or negative ToT and assist in identifying 

those who need interventions to help them succeed in training. 

Conduct Pre-Flight
Mix trade-off

Analysis

Assessment of mixes before execution of the mission is 

vital to enable the decision maker to allocate systems in the

mix to respective students to optimize resource usage; and 

gain cost in terms of ToT, K&S acquisition capability of the

system compared to others.  

Procure effective
blended training mix

«extend»

The FoS are integrated, at a high level, to a live / synthetic 

mix framework, which will allocate the system(s) at the 

task and activity level for MEC.

Automate
Assessments of
cohesion of FoS

«extend»

To choose the most effective FoS to use, assessment of the

interoperability of each system at the mission task and 

activity level is required; as more than one system may be 

cost effective to use.  Assessments of switchology / 

buttonology and fideity needs to be assessment in this use 

case.

~

~

~

Req_05

« Requirement»

Shall Provide the ability to assess pre-flight 
mixes in trade-off analysis.

«trace»

Req_04

« Requirement»

Shall provide automated assessments of the 
cohesion of the FoS Architecture.

«trace»

Req_02

« Requirement»

Shall Support Capability Based trade-off decisions
to select optimal flight  training FoS mix.«trace»

Choose Blending Mix

«include»

«include»

«include»
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Figure G 4 Further Abstraction of Estimate MoP of Student Use Case 

Figure G 5 presents a further abstraction of the ‘Estimate Workload for Tasks’ Use Case in 

Figure G 2.  This function includes information from the mission planning and post-mission 

assessment phases to assign task importance metrics and grade student pilot workload both 

for the task and for the differences in available training technology. 

 
Figure G 5 Further Abstraction of Estimate Workload for Tasks Use Case 

Figure G 6 presents a further abstraction of the ‘Assign Difficulty Metrics to Task’ Use Case 

in Figure G 2.  This function includes the task of entering the difficulty metric into the DSS 

framework and assigning the relevant mission essential competencies (MEC) to the tasks that 

uses information gathered from the ‘Assign Task Importance Metric’ Use Case to describe 

the competency that is going to be examined within the mission scenario for assisting 

evaluation of ToT for the student pilots.  Included in the operation is allocation of an MEC 

grade to signify which competency is of prime importance in the planned mission for the 

instructors to prioritise when evaluating performance of the tasks.  With each executed flight 

Estimate MoP of
Student

Obtain Situation
Awareness

«include» Obtain Student Pilots
Understanding of

Mission

«include»

Estimate Mission
Success

«include»

Assess Task Load for
each task within the

Mission

«refine»

Ammend Student File

«Usage»

For the pilot, the type and configuration of the training device is important for the level of detail the

pilot has to gain a picture of his current state, and with it  the possible projection  of future states.  

This function concenrtrates on assessments of situation awareness of the systems within the FoS.

Before the execution of the mission scenario using the chosen technology 

(System), it  is preferable to obtain the student pilots understanding of mission 

objectives and goals.  Included within this function is the understadning of each 

task importance and the relevant SoP that is needed to be performed

To enable the prediction of pilot performance, the instructor(s) are required to estimate, based on current 

knowledge and ability (from other functions and feedback facilities) of pilots, the tolerance levels required 

to be performed within to ensure that learning and potential positive transfer of training is occuring.

There is a strong correlation of the importance of the task, the time available to 

perfrom the task, and the stress the pilot will be under.  This function concentrates

on the total task load the pilot will be faced with at the task level.  The higher the 

task load the greater the chances of failing the goals of the panned task.

The is a mian student file within the databases used for the FTS.  This function is to permit reuse of 

the behaviour of the various function to update this student file based on current performance and 

prediction results.

Estimate Workload
for Tasks

Grade Workload per
Task

«include»

Ammend Student File

«Usage»

The is a mian student file within the databases used for the FTS.  This function is to permit reuse of 

the behaviour of the various function to update this student file based on current performance and 

prediction results.

Assign Task
Importance Metric

«refine»

There are a number of tasks within the mission scenario.  Some tasks to complete maybe more 

important to be accurate or completed within strict timing.  This metric is used to assist the student 

in prioritizing decision making during the flight mission.  This is useful if an unexpected event 

happens during the flight which may lead to a decision to concentrate on priority tasks above others.

Calculate Workload
Importance

«include»
The results from 'Grade Workload Per Task' is used to generate the difference in workload for the 

mission scenario.   The results are used to show the inherent differences between workload for the 

same mission using disparate training devices.

Different dimensions of workload estimates are needed to plan the mission to ensure that the student 

pilot is not overloaded with high workload tasks too soon within the training pipeline.  This function 

considers cognitive, phychomotor, and decision making time scales which is needed to perform the 

tasks to meet training objectives.
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the student pilot gains experience in K&S; this experience can be used to mitigate some 

difficulty, for each respected student pilots, of similar tasks in future training missions. 

 
Figure G 6 Further Abstraction of Assign Difficulty Metrics to tasks Use Case 

Figure G 6 presents a further abstraction of the ‘Decompose Mission Scenario into tasks’ Use 

Case in Figure G 2.  This function includes the task of planning the training mission using 

real world longitudinal and latitudinal coordinates along with timelines and aircraft 

characteristics required to successfully complete mission goals.  This information is then used 

to brief the student pilots of the requirements for the mission scenario.  For performance 

measures, the executed flight is required to be compared to an ‘ideal’ baseline, consequently, 

the DSS has to incorporate the facility for ‘playback’ of an experience pilots’ flight of the 

planned mission or a flight that uses mathematical algorithms for simulation, in real time, 

with which to create metrics with which to grade performance of accuracy and precision.  

 
Figure G 7 Further Abstraction of Decompose Mission Scenario into Tasks Use Case 

Figure G 8 presents a further abstraction of the ‘’Conduct Pre-Flight Mix trade-off Analysis’ 

Use Case identified in Figure G 3.  The figure communicates that within the workflow 

process there are three ROSETTA frameworks, which uses different data sets to perform 

analysis on the suitability of the training technology used for training a respective student. 

Assign MEC
decriptions to

Tasks

The decision maker needs to assign Mission Essential Competency(MEC) 

descriptions to the tasks in the mission scenario to identify knowledge and 

skills relevant to MoP of the student.   This has to be associated with 

mission goal Aims and objectives.

Allocate MEC
Grade

Each MEC will have a grading as to how well the mission scenario or task will

test the competency level of the planned mission as well as the student pilot.

 The decision maker has to associate the MEC of the mission to the skill set 

of the student.

Add Experience
gained to MEC

The student will gain experience for each mission task.  These experiences 

need to be recorded for student progression through the pipeline.  The 

experience gained can effect the difficulty and MEC grading for each student.

Assign Task
Importance Metric

«extend»

There are a number of tasks within the mission scenario.  Some tasks to 

complete maybe more important to be accurate or completed within strict 

timing.  This metric is used to assist the student in prioritizing decision 

making during the flight mission.  This is useful is something unexpected 

happens during the flight which may lead to a decision to concentrate on 

priority tasks above others.

Assign Difficulty
metrics to tasks «include»

Enter Difficulty
Metrics

«include»

Decompose Mission
Scenario into Tasks

Plan Mission Scenario
Flight«extend»

The decision maker (instructor) is required to plan the flight route 

and assign various mission tasks at the appropriate stage within 

the mission.  The mission planning functionality permits building 

the mission from initial real world coordinates.

To account for mission baseline metrics, the planned mission 

scenario is required to be either flown by an experienced pilot, or 

simulated through using mathematical algorithms to permit 

comparison against the executed flight training mission to give 

indication of skill and knowledge improvement

Calculate Waypoint
Locations

«extend»

To calculate the real world coordinates 

of a waypoint given input data from the

decision maker.

Simulate
MissionScenario

«extend»
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Figure G 8 Further Abstraction of Conduct Pre-flight Trade-off Analysis Use Case 

Figure G 9 presents a further abstraction of the ‘Perform High-level ROSETTA 0 Assessment’ 

Use Case identified in Figure G 8.  At the first level of technology elimination, the specific 

knowledge and skills (K&S) of the mission are required to be known; during mission 

planning the K&S descriptions are stored within a database, the operations within the ‘Set-up 

Framework’ Use Case ensures that duplicate K&S are removed to enable the framework to be 

scaled and structured.  Once the framework is produced, the technology is assessed using 

non-technical knowledge in relation to its suitability in practicing the K&S identified within 

the framework.  Once the suitability is assessed, the framework will provide the facility to 

simplify the data within it to assist the decision maker in elimination of unsuitable technology 

from further pre-flight assessments. 

 
Figure G 9 Further Abstraction of Perform High-Level ROSETTA0 Assessment Use Case 

Figure G 10 presents a further abstraction of the ‘Perform High-Level ROSETTA 1 

Assessment’ Use Case first identified in Figure G 8.  Within this function, relationships 

between the K&S identified in ROSETTA level 0 and relevant MECs identified in the 

mission planning phase are investigated.  The number of K&S is used to scale the framework 

Conduct Pre-Flight
Mix trade-off

Analysis

Perform High-Level
Rosetta0

Assessment«include»

Perform High-Level
Rosetta1

Assessment

«include»

Perform Rosetta2
Assessment

«include»

The ROSETTA framework used at this level considers non-technical 

evaluation and elimination of the suitability of available technology 

based on knowledge and skill learning levels required.

The ROSETTA framework used at this level considers the knowledge 

and skill levels required to the Mission Essential Competences 

training to.  This level considers the trade-off between required level 

of K&S and MECs with remain technologies (systems) from Level 0.

The ROSETTA framework used at this level considers the technical 

aspects of the technologies remaining from Level 1.  Trade-off 

between organisational objectives, including K&S, to fidelity levels 

that the technology will permit.

Perform High-Level
Rosetta0

Assessment

Create K&S for
Mission

«include»

Setup Framework

«include»

Assess K&S With
Technology

Configuration

«include»

Eliminate Technology
in Rosetta0

«include»

Plan Mission Scenario
Flight

«extend»

From Workshops a list  of knowledge and skills are obtained and stored in

a spreadsheet database, this function considers the selection of relevant 

K&S from the database for each task within the mission scenario which 

forms the basis for assessing student pilots.

The list of knowledge and Skills (K&S) assigned to the tasks of the 

mission scenario are used to create the size and structure of the 

framework.

From Workshops a list  of knowledge and skills are obtained and stored in

a spreadsheet database, this function considers the selection of relevant 

K&S from the database for each task within the mission scenario which 

forms the basis for assessing student pilots.

With the K&S structured within the framework, the decision maker is 

required to assess the suitability of the systems for training the student 

pilot.  Once the assessment is complete, simulation of information 

within the framework permits identification of a suitability metric which

is used to assist the decision maker in elimination of technology 

unsuitable for training.
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and relevant SMEs are used to produce the response surface equations (RSE), which 

described the mathematical relationship between framework parameters with which to 

perform trade studies on. 

 
Figure G 10 Further Abstraction of Perform High-Level ROSETTA1 Assessment Use Case 

Due to the complexity involved in trade studies the Use Case ‘Produce ROSETTA 1 

Framework’ is further decomposed into Figure G 11.  Operations for the decision maker 

include grading the identified MEC and assigning a description to the MEC, if required.  

Once the RSEs are created or loaded from an existing database, for more accurate trade 

studies, the number of sample point available need to be increased to permit a more robust 

analysis using DoE experiments.  To enable the data from the multiple RSE to be evaluated 

together, all of which are arrays that produce the framework, the framework data is structured 

into a 2-dimensional array that can be loaded into the framework to be presented on a GUI 

for efficient trade study analysis.   

 
Figure G 11 Further Abstraction of Produce ROSETTA1 Framework Use Case 

The ‘Perform ROSETTA 1 Analysis’ Use Case of Figure G 10 is further decomposed into 

Figure G 12.  This function provides the facility for the decision maker to perform the trade 

study with the added functionality of scaling the slots of the framework to fit all the RSEs 

onto the GUI.  Once the trade study has been complete, the framework will simplify the 

Perform High-Level
Rosetta1

Assessment

Produce Rosetta1
Framework

«include»

Create RSE for
Manipulation

«extend»

Perform ROSETTA1
Analysis

«include»

For creation of a mathematical function which describes the

relationship between requirements and design parameters, 

response surfaces are needed to enable quick simulation and 

identification of strengths of each relationship identified 

within the framework.

From the creation and identification of training 

characteristics, the framework is scaled and displayed to 

permit the decsion maker to trade decision for optimal 

training solutions.

The analysis includes using the RSEs to trade training levels 

to training competencies for effective and efficient training 

solutions with consideration of available technology.

Produce Rosetta1
Framework

Prepare Sample
Points for RSEs

Rosetta1

«include»

Generate ROSETTA1
RSE Arrays

«include»

Allocate MEC Grade

«extend»

Assign MEC
decriptions to Tasks

Paart of the creation of the RSEs, which describe the relationship 

between parameters, is to ensure there are adequate sample points 

within the RSE with which to perform trade studies. This function 

creates sample points and filter the shape (if required).

The RSEs need to be structured with the framework to create row 

and columns of relationships that connect every requirement 

parameter to every design parameter.  This function structures the 

arrays, which describe the RSE shape, into a array ready to produce 

the whole framework.
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analysis and metricise the trade-study to allow the decision maker to perform further 

technology elimination based on the metrics from the analysis phase. 

 
Figure G 12 Further Abstraction of Perform ROSETTA1 Analysis Use Case 

Figure G 13 presents a further abstraction of the ‘Procure Effective Blended Training Mix’ 

Use Case first identified in Volume 1, Figure 40.  The operations involved with this function 

regard the post-mission analyses of student pilot performance.  Under consideration is the 

instructor opinion of success along with student pilot feedback; included within the 

functionality is the ability to compare actual flight data with a base line scenario. 

 
Figure G 13 Further Abstraction of Procure Effective Blended Training Mix Use Case 

The ‘Assess Student Performance’ Use Case of Figure G 13 is further decomposed into 

Figure G 14.  This function requires the FoS technology to provide feedback of not only the 

current location of the aircraft with respect to flight time, but also the data regarding 

movement of aircraft controls to determine the comfort levels of the student pilot performing 

SoP manoeuvres whilst completing mission specific tasks.  The data gathered from the 

technology will provide comparison to baseline norms and the accuracy tolerance to mission 

objectives can then be evaluated with predicted performance levels for each student.  This 

function includes the ability to assess any sharp movements in aircraft controls that might 

signify that the pilot has suffered from the ‘startle’ affect and thus suggest that a detailed 

Perform ROSETTA1
Analysis

Perform Trade Study

«include»

Perform Technology
Elimination ROS1

«include»

SetupDisplay

«include»

With limited space available on screens (monitors) the 

framework is required to have additional facilities to permit all 

the RSEs to be visual on the displays for the decision maker to 

see and manipulate.  This function considers the usability of the 

information in the framework for a human user.

The framework present all neccessary information for the 

decision maker to analyise and use the functionality presented 

by the framework to perform trade studies with consideration of 

training objectives, for the purpose of grading the suitability of 

the technology.

The decision maker uses the framework, which simplified the 

trade-study assessment results, to assist in elimination of 

unsuitable technology for training objectives.

Assess Student
Performance

To analyze student proficiency and progress, each executed mission scenario is required to be evaluated.  The results 

of this evaluationt might have profound implications on the choice of FoS to use as the training continues through 

the pipeline.  The grading will impact the optimized assessment of blending mix for each student.  Performance 

grades, both at the task and overall goal levels, can be used as an indication of student progress.

Perform Post Mission
Analysis

The performance of each student will be reviewed in a post mission briefing.  The performance of each task is 

compared against an ideal (set by an experienced pilot or baseline simulated scenario) and the student will be graded.  

The grade will indicate if further practice is required and can identify whether an system in the FoS is suitable, or not,

for the student to use to enhance their experience for posotive ToT.

Procure effective
blended training mix «extend»

«extend»

Ammend Student File

«Usage»

The is a mian student file within the databases used for the FTS.  This function is to permit reuse of 

the behaviour of the various function to update this student file based on current performance and 

prediction results.
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post-mission brief is required to find out what the student pilot was experiencing in that very 

moment. 

 
Figure G 14 Further Abstraction of Assess Student Pilot Use Case 

The ‘Perform Post Mission analysis’ Use Case of Figure G 13 is further decomposed into 

Figure G 15.  This function concentrates on both subjective and objective assessments on the 

suitability on the chosen technology for both executing the mission scenario and for flight 

training in general.  The results obtained could affect how the training technologies are 

assigned to each student for future training missions and assist in evolving acquisition 

procedures for future flight training devices.  The evaluation also highlights any specific 

difficulties the student pilot incurs during the execution of the mission scenario in relation to 

familiarity with control, sizes of displays, and workload.  The information gathered is graded 

and stored within each respective student database file for ToT assessment and for evolution 

of the RSE shape by SMEs. 

 
Figure G 15 Further Abstraction of Perform Post Mission Analysis Use Case 

Assess Student
Performance

Read from Baseline
Scenario and
FoSFeedback

«include»

Compare Mission
Execution in 3

Dimensions«include»

Compare flight in
Detail

«include»

Perform
Performance Task

Analysis

«include»

Assess Pilot
Operation Behaviour

«include»

This function provides the operation to 

interrogate various databases and technology 

output files

When opinion on student pilot performance is required to be quick, the 

facility to view a 3 dimensional representation of the student pilots 

previous flight in comparison to a 3 dimensional baseline scenario is very 

useful.

Further more detailed analysis and evaluation is needed, in this instance 

both 3D and 2D representations of the mission scenario is needed along 

with differences in various parameters at specific time lies throughout the

flight..

The mission needs to be compared and scored with set tolerance levels 

identified pre-flight.  This function simply assesses the executed mission 

using data from the technology and calculates thepilot score bases on 

predetermined criteria.

Pilot interactions with aircraft controls are of prime consideration when 

considering whether correct SoPs ahave been followed or whether the 

pilot has suffered from the 'Startle' effect caused by increase in workload 

and task load. This function monitors and assesses the smoothness of 

controls bases of feedback data from the technology.

Perform Post Mission
Analysis

Obtain Pilot Self
assessment of

Mission

«include»

Obtain Pilot Success
Evaluation«include»

Obtain Mission
Operability
Assessment

«include»

Obtain After
Execution

Assessments

«include»

Ammend Student File

«Usage»

For evolution of the training system and to evolve and amend the 

relationships within the frameworks, feedback from the student pilots is 

needed, this function concenrtrates on obtaining the pilots opinion on the 

workload characeristics of the executed mission scenario.

The function concentrates on feedback from the student pilots in relation to 

their opinion on the  success of the executed mission scenario as a user 

perspective.

Conduct Subjective
Flight Evaluation

«include»

As most FTS rely on instructor opinion on the success of the student pilot in 

achieving mission objectives, this function concentrates on the instructors 

post mission evaluation of student success.

This function considers the student pilot 's opinion on the technology's 

effectiveness of using the chosen technology (system) to achieve mission 

goals and objectives in relation to acquisition of relevant knowledge and skills 

(K&S).

More speciic feedback from the student pilot is needed on particulat aspects 

of the technology that was used o execute the mission scenario that was 

either benefitial to the student pilot or caused additional workload in ordder to

accomplish goals and complete tasks.
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Figure G 16 presents a further abstraction of the ‘Automate Assessments of Cohesion of FoS’ 

Use Case first identified in Volume 1, Figure 40.  The operations includes the ability to 

permit a choice of how detailed the analysis is required to be, however, the assessment of the 

suitability of technology in this function requires some technical knowledge of the training 

devices with respect to ‘training’ fidelity value of the system(s).  The specific objective of 

this function is to enable organisational objectives to be included in the choice of training 

device to use to execute the mission scenario.  It is the similarities between the remaining 

technologies that need careful consideration along with the availability of equipment.  The 

trade study involves using mathematical functions as RSEs to decide which training 

technology optimises the organisational goals.  The technology elimination is incorporated 

into the ‘Attain Fidelity Value of Systems’ Use Case.  The chosen technology description is 

stored into the main student database file with performance results for subjective assessment 

of the suitability of technology to the student pilot and mission scenario specifics. 

 
Figure G 16  Further Abstraction of Automate Assessments of Cohesion of FoS Use Case 

The ‘Obtain Sensitivities and Correlations between FoS’ Use Case of Figure G 16 is further 

decomposed into Figure G 17.  This function permits the generation of the ROSETTA Level 

2 framework which allows, if required, additional sample points to be added to the RSEs to 

assist in the trade study. 

Obtain Sensitivies
and correlations

between FoS

Attain Fidelity
value of Systems

«extend»
The Analysis will identify similarities between the FoS systems with 

relation to the mission scenario goals moreover objectives to determine 

how good the technology is in assisting the student to meet the learning 

objectives.  The RSE used are for assessing suitability of the specific 

features of the technology in relation to organisational goals  This could 

give an indication of any obstacles caused by using the system.  The 

sensitivities a deemed to be constantly evolving as the DSS is used 

throughout its lifetime.

The quality of the dimensions of fidelity has to be considered as these are 

known to effect the performance level of the system in question as well as 

the performance (cognitive, predictive, etc.) of the students using the 

VRTE and live aircraft.  Assessments have to be conducted as to how 

fidelity can affect learning goals..

Automate
Assessments of
cohesion of FoS

«include»

«include»

Select level of Detail
for Analysis

«include»
«extend»

Perform Trade Study

«include»

SetupDisplay

«include»

Perform Rosetta2
Assessment

«derive»

AS the analysis can incur a substantial detial indescribing the fidelity 

value of the systems within the FoS, an option is given to select the level

of detail needed to assess the technology in relation to organisational 

goals.  Two detail levels are initially permitted, one for instructor to 

allow for rapid assessment and one for further decision makers to further 

check continuityt of relationships and choses made. 
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Figure G 17 Further Abstraction of Obtain Sensitivities & Correlations between FoS Use Case 

For simplicity, a separate use case diagram is produced which shows the traceability between 

the NLS and the elicited and derived functions, as illustrated in Figure G 18.  A number of 

use cases are derived and each use case is traced back to the requirement diagram of Volume 

I Figure 19.  This diagram is used to communicate back to stakeholders that the proposed 

functionality of the DSS will satisfy the requirements and also give an indication to the 

system designer that all the requirements have been considered through the functional 

analysis of the requirements statements.   

 

 
Figure G 18 High-Level Traceability from requirement statements to Functions (Use Cases) 

  

Obtain Sensitivies
and correlations

between FoS

Generate ROSETTA2
RSE Arrays

«include»

Prepare Sample
Points for RSE

Rosetta 2

«include»
Part of the creation of the RSEs, which describe the relationship 

between parameters, is to ensure there are adequate sample points 

within the RSE with which to perform trade studies. This function 

creates sample points and filter the shape (if required).

The RSEs need to be structured with the framework to create row 

and columns of relationships that connect every requirement 

parameter to every design parameter.  This function structures the 

arrays, which describe the RSE shape, into a array ready to produce 

the whole framework.

Req_01
«Derived»

Shall provide a 
framework 
structure for 
blended aircrew 
training.

Req_02
«Requirement»

Shall Support 
Capability Based 
trade-off decisions 
to select optimal 
flight  training FoS 
mix.

Req_03
«Requirement»

Permit allocation of 
systems in the mix 
at the task and 
activity level for 
Mission Essential 
Competency (MEC)

Req_04
«Requirement»

Shall provide 
automated 
assessments of the 
cohesion of the FoS
Architecture.

Req_05
«Requirement»

Shall Provide the 
ability to assess 
pre-flight mixes in 
trade-off analysis.

Req_06
«Requirement»

Provide the facility 
for the simulated 
peformance of the 
selected mix to be 
compared to actual 
performance in 
post-mission 
analysis.

Conduct Pre-Flight
Mix trade-off

Analysis
«trace»

Perform Post Mission
Analysis

«trace»

Procure effective
blended training mix

«trace»

«trace»

Automate
Assessments of
cohesion of FoS «trace»

Assign MEC
decriptions to Tasks

«trace»

Allocate MEC Grade

Choose Blending Mix

«trace»

Req_07
«Requirement»

Simulation of FoS 
Architecture used 
to Assess the 
Capability to 
support a coherent 
scheme of training 
for aircrew under 
realistic operational 
conditions.

Select and Evolve
Mission Scenarios

«trace»

«trace»

Procure effective
blended training mix

«trace»

Assign Difficulty
metrics to tasks

«trace»
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Appendix G1 Subset of Systems Within The FoS Mixes 

Within the training enterprise, the training devices are required to be simple enough to 

provide most student pilots with their initial flying experience and complex enough so the 

step between them and more sophisticated advanced trainers would not be too vast.  For the 

analysis of appropriate blending mixes needed the number of SoI within the FoS mixes are 

required to be identified; a simple architecture model illustrating the breakdown of the most 

common technology available for flight training is illustrated in Figure G 19.   

 
Figure G 19 Training Tool Technology within the FoS Mixes 

Separation of VRTE and real aircraft permits further information to be gathered about the 

specific technology involved in both categories of the FoS and allows for a comparison 

analysis of similarity of controls, interfaces and layouts to assist in subjective evaluations of 

suitability of a training technology for accomplishment of training goals.  The visit to RAF 

Valley allowed abstracting the aircraft of interest and the VRTEs of interest into the model.  

The training contractor uses both the old and new version of the Hawk aircraft for training 

and within the ground based systems are: desktop PCs, cockpit trainers, distributed FSTDs 

and dome flight FSTDs with availability of the resource reducing as the technology becomes 

more complex and expensive to operate.  The difference in technology, layouts, environment 

and feel of the VRTE’s between themselves and the live aircraft poses a complex problem 

when it relates to suitability of the technology/system to practice and evaluate K&S.  The 

added complexity of the blended capability in the new Hawk AJT imposes the question of 

how is training being managed and documented to allow traceability and comparison analysis 

between training missions being performed in disparate FoS mixes and how can it be 

managed in the future. 
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APPENDIX H  MISSION PLANNING MODEL 
 

Baseline scenarios can be used for comparison to benchmark for students’ normal 

performance or a performance set point for a given level of K&S for a particular mission 

scenario.  The facility for the comparison includes analysis to a baseline scenario which 

obviates discussions based on hypothetical scenarios.  It will set standards of performance 

that is hoped will maximise performance outcomes for the planned training exercise.  Finally, 

it provides a means of establishing the validity of competencies that can be used to evolve a 

decision support tool to enhance the assessment of performance. 

The performance criteria are based on a number of measureable features that can be collected 

through the training technology, and include: 

 Maintenance of velocity 

 Maintenance of assigned heading 

 Maintenance of altitude 

 Smooth control of pitch altitude of the aircraft 

 Smooth control of bank angle of the aircraft 

All the criteria are subjective to time constraints and require monitoring of aircraft display’s 

and OOTW viewing to ensure flight path is as planned.  Using a baseline scenario, the flight 

plan can be executed using mathematical algorithms to fly the course and this along with 

performance data for the respective pilot can be used to determine any improvement of 

performance is needed.   There are three sources of data are used for the analysis: 

1. Pilot’s subjective ratings 

2. Instructor subjective ratings and observations 

3. The flight simulator (used for execution of the mission) Note: mathematical relations 

within framework(s) are also used to provide an indication pilot’s performance using the current 

configuration. 

Only a subset of the data from the FSTD is used for the analysis, attribute values are collected 

every 0.01s (10ms) for the entire period of the flight for the purposes of robust performance 

analysis and the flight is divided into stages depicting flight data between each waypoint.  

Whilst using a subset of data results in loss of variability, it is deemed that abstract data 

collection for analysis would give a strong indication of pilot performance and reduce the 

cost of data analysis.  The attributes under consideration for the research included: 
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 Airspeed 

 Altitude 

 Latitude 

 Longitude 

 Altitude indicator pitch 

 Bank angle 

 Heading 

 Throttle level position 

The stages of flight are used to establish both geographic and assessment criteria boundaries 

for capturing representative samples of the behaviour of the student pilots across a particular 

leg of the flight using the training tool.  The boundaries ensure the number of data points 

collected matched the number of samples generated by the baseline scenario simulation, and 

as a result the summary of the data accurately reflects the performance of pilots and that valid 

comparisons can be made across individuals. 

A number of dimensions of performance can be evaluated on the bases on observed and 

comparison to the baseline scenario, including: 

 The accuracy of maintaining altitude 

 The accuracy of maintaining heading (latitude, longitude) 

 The accuracy of the control exercised over the aircraft 

 Management of situational awareness 

Two attributes were considered for the student pilot’s ability to maintain physical control of 

the aircraft, first related to the capacity to maintain a prescribed track and latitude; the second 

the ability to maintain physical control over the dynamic system by measuring the range of 

responses exerted by the pilot to stimuli.  It is important to realise that performance data in 

relation to some of the attributes could be assessed against objective criterion (e.g. altitude, 

control, etc.); there is difficulty to assess features such as SA; nevertheless, indicators include, 

rubbing eyes, yawning, movement of seat, etc.  The identification of these behaviours can be 

observed and video recordings (if available and required). 

7.1.1 Baseline Scenario Model (General Overview) 

To enable simulation of a baseline scenario with which to compare a flight from the student 

pilot it is important for the model to allow flexibility to associate the model with geodesics in 

relation to real world coordinates.  The model shall permit the instructor to plan a flight or a 
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tactical mission using the earth coordinate systems involving the identification of latitude and 

longitude coordinates and allowing the model to calculate the shortest distance on the surface 

of an ellipsoid (depicting Earths geometric shape) between two points.  The model produced 

for mission planning considers both direct and inverse solution of the geodesic problem, with 

the inverse solution behaving as a location tolerance for the direct calculation.   

The model requests the instructor to enter the longitude (Lambda) and latitude (Varphi) of a 

point on the surface of an ellipsoid (the location of the start of the flight: the first waypoint), 

the starting azimuth (Direction_Alpha1) and the geodesic distance (DisToWp): signifying the 

distance required to travel to the next waypoint, and the starting altitude.  The direct 

calculation calculates the finishing point (Lambda2, Varphi2) and the final bearing 

(Direction_Alpha1).  The inverse calculation uses two points, the starting point and the 

finishing point, to calculate the geodesic distance (DisToWp_check), and the reverse 

Azimuth (Alpha1) with the results saved in a text file.  The Vincenty’s Formula (Vincenty, 

1975) has taken the de facto role as the preferred method for the calculation of the geodesic 

problems, as a result is used for the model. 

The model is developed using the SysML tool that is used for both the mission planning 

system and the baseline scenario simulation.  The architecture, illustrated in Figure H 1, 

describe the system elements that need to be considered when planning a mission scenario for 

student pilot grading.  Important aspects of the tasks in the mission scenario have to be 

considered for the criteria of grading for the student pilot, it is for this reason why the 

additional blocks (MissGoal, Task, MEC, Knowledge and Skill) are shown as being integral 

to the mission planning to allow identification of necessary aptitudes needed to complete the 

mission scenario through consideration of possible difficulty stressors to the pilot with 

various systems of the FoS, with a high degree of proficiency.   

The ‘Flight Plan’ block represents the interface from the instructor to the mission planning 

system.  The ‘Waypoint’ block attributes store the geodesic points (Latitude and longitude) 

including altitude, the waypoint ID and the velocity required by the aircraft at that point 

within the flight.  The ‘FlStat’ block represents flight statistics as the simulated flight is being 

executed; data from other blocks within the architecture relevant to virtual aircraft location or 

waypoint location is located within this block for interfacing with external databases.   
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Figure H 1 Partial architecture of Mission Planning System 

 

The ‘Waypoint’ block behaviour can be described, in Figure H 2, as encompassing the ability 

to calculate real waypoints given the inputted information from the instructor, but also having 

the facility to calculate virtual waypoints between two real waypoint to enable a virtual 

aircraft to be monitored through the flight sampled at a rate suitable to the simulation 

constraints and to correlate to the VRTE or live-aircraft computer sampling time to enable 

accurate comparison between the two, with minimal error.  For planning, the behaviour 

incorporates the ability to check the geodesic point calculation using the inverse solution to 

identify if there is a distance and/or point error greater than tolerance.  Once any error has 

been corrected, by recalculation, the waypoint location is assigned a coordinate (latitude, 

Longitude, altitude, and velocity (if required).   The state returns to idle after the calculation 

of each waypoint until the GetCoord event is received again. 
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Figure H 2 Waypoint Block State chart 

Figure H 3 describes the sequence of events the instructor has to accomplish for basic 

mission planning tasks i.e. flight path.  The tool prompts the instructor to enter the starting 

real-world coordinates (longitude, latitude); further prompts to enter the distance required to 

fly, the azimuth angle, the ending altitude and velocity before any other change of state in the 

aircraft, i.e. the next waypoint is needed to be inputted.  If a bank turn is required there will 

be an additional prompt to enter the degree of the turn the aircraft is required to follow.  

 
Figure H 3 Behaviour of Plan Mission Scenario Flight Use Case 
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Once all this data is entered, the tool transfers to a reference sequence diagram to calculate 

the next real world coordinate of the next waypoint in the sequence of the flight path, as seen 

in Figure H 4.  Once the waypoint has been calculated and confirmed, the instructor will be 

asked whether this waypoint is the final waypoint for the flight.  If it is, the waypoint 

locations in the flight plan will be saved, if not the program loops to ‘AddFlightPlan’ 

operation, as seen in Figure H 3. 

The ‘CalcWpLocation’ reference sequence diagram is illustrated in Figure H 4,  where the 

function uses all the information entered by the instructor to calculate the new real-world 

waypoint location (Lambda2 (Longitude), Varphi2(Latitude)), using the direct Vincenty’s 

formulae for geodetic calculations.  Once calculated, the waypoint object requests for the new 

altitude to add to the locational information.   The waypoint object then confirms the location 

by using the inverse method, which is used to confirm that both calculations are within a 

certain tolerance (100mm); if not, the direct method is repeated or if within the tolerance the 

waypoint coordinates are confirmed. 

 
Figure H 4 Behaviour of Calculate Waypoint Locations Use Case 
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[Error > 0.001]alt

[Error < 0.001]

[Error > 0.001]alt

parallelparallelparallel

itsWayPoint:WayP
oint

GetLoc(LongitudeLambdaCoord, LongitudeVarphiCoord)

ConfirmLoc()

itsNavigationContr
ol:NavigationContr

ol

CalcLoc()

GetCoord(Lambda2, Varphi2)

GetCoord(Lambda2, Varphi2)

ReSample()

CalcLoc()

CalcWp:Bearing

AssDist ance(FDistancem, Fdist ancemls)

GetEndPoint(Lat itudeCoord, LongitudeCoords, Direction_Alpha1, Fdist ancemls)

AssBearing(Direction_Alpha1)

ThisDistance(D)

IsInTolerance()

Origin:FlightPlan

GetLoc(LatitudeCoord, LongitudeCoord)

GetAltit ude(Altitude)

Waypoint ID(n)
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The ‘StartPoint’ Operation displays instructions to the decision maker to enter the starting 

latitude and longitude coordinates as seen in Figure H 5, followed by the ‘AddFlightPlan’ 

operation that requests more details about the next waypoint; in this case the next waypoint is 

where a change in state of the aircraft is expected to occur, as seen in Figure H 6.  The details 

are to allow the mission scenario to be planned as a pilot would fly with respect to course 

corrections; alternatively, generating a text file by choosing points on a world chart and 

entering finish altitude and finish speed would achieve the same purpose. 

 
Figure H 5 Promtps for Commencement of Mission 

 
Figure H 6 Details for Coordinates to Next Waypoint 

To account for standard right or left bank turns, if the planning system detects that a turn is 

required it will prompt the decision maker to decide the number of degrees the aircraft is 

required to manoeuvre through the turn i.e. if the coordinate to the next waypoint (Wpi) is 90º 

from current bearing, the information is for the number of degrees in the turning circle the 

aircraft is required to fly to reach Wpi, within the selected rate turn, to place the aircraft on 

the correct bearing for the following waypoint (Wpj), as per Figure H 7. 

 
Figure H 7 Pompt of Information Regarding Degree Turn 
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Accepting the data for the next waypoint enables the software to execute the state-machines 

and in turn progress through the events of the sequence diagrams to calculate the real-world 

coordinates of the next Waypoint in the mission.  Once the calculations are complete, 

information will be displayed to the decision maker about the new waypoint location to 

which all future waypoints will be calculated from, this information is visually seen in Figure 

H 8.  The inverse calculation ensures that the new waypoint location is in tolerance to the 

constraints of the calculation, along with the final bearing if a bank turn is required.  The 

figure illustrates the first part of the flight, which is on the runway; hence the altitude is zero 

or the altitude above sea level of the runway. 

 
Figure H 8 Operator Display for Mission Planning System 

Each iteration of the algorithm, prompts the decision maker to decide whether the full flight 

has been planned, as seen in Figure H 9.  On the selection of ‘No’  the loop repeats 

commencing with the planning system asking for the details described in Figure H 6, 

alternatively the information regarding waypoint locations will be saved within a text file.  
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Figure H 9 Query Of Waypoint Assigned Completion 

If the bearing to the next waypoint in unchanged, the planning system will prompt the 

decision maker to select one of three choices regarding the specifics of the aircraft path to the 

waypoint.  These options are: no turn, bank left or bank right, as seen in Figure H 10, upon 

selection the mission planning system will either consider the route as being straight ahead 

(with possible altitude change) or will add to the text file either a 1 or 2 to indicate to the 

simulator either a bank right or bank left respectively, is required.  If the bearing is different 

than previous, the planning system automatically decides which bank is necessary unless the 

new bearing requires >360º turn, in this case the option will again be available. 

 
Figure H 10 Selection of Aircraft Path on Identical Bearing Entered 

An example of the output text file is seen in Figure H 11, which describes a flight similar to a 

normal landing pattern.  The flight begins on the runway and then climbs to an altitude of 

500feet where it begins a standard left hand turn for 180º and climbs to 800feet to the next 

waypoint.  The flight is then required to maintain heading but reduce altitude to 600feet 

where it begins another standard left hand turn for 180º whilst descending to 250feet and 

reducing velocity to 105knots.  At the waypoint, the flight then requires to maintain current 

heading whilst descending further to 200feet with final velocity of 100knots. 
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Figure H 11 Example of Output Table from Mission Planning System 

The flight simulation operations architecture can be described as containing the Vincenty’s 

calculation along with the calculations for the virtual aircraft and hence the simulation of the 

planned mission and is illustrated in Figure H 12. 

Figure H 12 Flight Simulation Operations Architecture 

The ‘NavigationControl’ block contains constants describing the characteristics of the 

ellipsoid of the earth including the attributes needed to keep track of the virtual aircraft 

through the simulation.  The ‘Bearing’ block is the ‘heart’ of the control within the simulation.  

This block is responsible for the calculation of each sampled distance the virtual aircraft 

covers during the journey to the real waypoints, checks the current azimuth (bearing) and 

communicates the information the ‘Flstat’ block.  The block also checks whether the 

calculations are within tolerance and incur the ability to adapt the current location to return 
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back on track.  The ‘AltitudeChange’ block concentrates on heading and distance deviations 

related to a change in altitude.   

The ‘Turning’ block and the ‘Position Turn’ block concentrates on the complex problem of 

banking during waypoint journeys; ‘Turning’ block is responsible for checking that a bank is 

required and calculates the radius of the turn, circumference, and the total distance to travel in 

the turn; the ‘PositionTurn’ block task is to calculate the current bearing and current height (if 

altitude change is required through banking) through a turn as the virtual aircraft journeys to 

the real waypoints and communicates this to the ‘Turning’ block.   

The behaviour of the ‘Navigation’ block, illustrated in Figure H 13, can be described simply 

as having knowledge a priori of the destination waypoints and ensuring that the virtual 

waypoints calculated along the journey are correctly identified with both the direct and 

inverse calculations.  If there is an error in solutions it merely recalculates the solution before 

resampling for the next waypoint location. 

   
Figure H 13 Navigation Block State chart 

The ‘Bearing’ block, illustrated in Figure H 14, has two separate operations for either mission 

planning or simulation mode.  In mission planning the interest is in the calculation of the real 

waypoint of interest within the flight.  The geodesic points (Latitude, Longitude) the azimuth 

bearing to reach the next waypoint and ensuring the distance between the waypoint is within 

tolerance.  Within the simulation mode (FlightMode), the task is to calculate the virtual 

waypoint positions, the bearing, current virtual aircraft speed, and travel distance at each 

virtual waypoint, which designates the simulation operation. 
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CalculateWpLocations

CheckUnits

WaypointsLocationIdentified

CalcLoc
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GetEndPoint
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Figure H 14 Bearing Block State chart 

The ‘Altitude’ block, illustrated in Figure H 15, merely checks whether there is any altitude 

change between waypoints, and calculates the new height required at the sampled time 

through the journey; once the height is reached the block rechecks if any height change is 

required. 

  
Figure H 15 Height Change Block State chart 

The ‘Turning’ block, described in Figure H 16, assesses for any bank changes needed through 

the journey then checks the current heading (bearing) of the virtual aircraft; once the heading 

matches the calculated, the block returns to assessing for bank changes.  The behaviour of 

this block is tightly coupled to the behaviour of the ‘PositionTurn’ block. 

 
Figure H 16 Turning Block State chart 
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The identical guard condition is used for the ‘Turning’ block, described by Figure H 17, 

causes a transition within the ‘PositionTurn’ block that calculates any new heading (bearing) 

that the virtual aircraft has to fly in order to remain on course for the real waypoints.  Once 

the virtual aircraft has reached the virtual waypoint, the block returns to the first state ready 

to proceed checking the heading for the next point in the journey. 

 
Figure H 17 PositionTurn Block State chart 

The ‘FlStat’ block, illustrated in Figure H 18, gathers mission planning data from the 

database and the sampled simulation data for position of the virtual aircraft and calculates the 

distance to the next waypoint and distance from the waypoint.  The block also places a time 

stamp of the sampled data for export to a text file. 

 
Figure H 18 FlStat Block State chart 

The behaviour of the virtual aircraft requires information about the destination waypoint(s) 

before the ‘Aircraft’ block transfers to the ‘Flight’ state.  Once in this state, there are four 

possible parallel behaviours of the aircraft each with their own unique sub-states.  One of the 

behaviours concentrates on the velocity of the aircraft, the states that the aircraft can be in are: 

Acceleration, Deceleration or Cruise; another concentrates on the pitch of the aircraft, this 

has three possible states: Climb, LevelFlight or Descend; the next considers the roll of the 

aircraft and can be in one of three states: BankLeft, Straight or BankRight.  The final parallel 

behaviour evaluates the current position of the aircraft compared to the final destination i.e. 
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the next waypoint in the sequence.  Depending on this calculation the aircraft object will 

change state(s) in any of the other three parallel behaviours to compensate for course 

deviation by checking guard conditions on the transitions, to ensure the virtual aircraft stays 

on-course to the waypoint. 

 
Figure H 19 Aircraft Block State chart 

The behaviour of the simulation can be summarised in Figure H 20, the ‘Bearing’ block has 

to be switched into run mode, which essentially improves efficiency of waypoint calculations 

as each calculation becomes a new virtual waypoint through the journey.  Once the first 

virtual waypoint has been calculated, the aircraft is switched to flight mode state through the 

‘BrakeOff’ operation.  Certain checks are actioned to assert if there is any height change or 

bank turns required; the ‘Flstat’ block is then updated with new information and current 

location of the virtual aircraft.   The behaviour then transfers to a loop that calculates new 

virtual waypoint coordinates throughout the journey to the next planned waypoint from the 

mission planning database.  Once the waypoint has been reach within a certain distance and 

altitude tolerance, an option to transfer to a tactical mission, e.g. find, fix, track target, engage, 

is checked.  The behaviour then checks whether this final act is the last stage of the planned 

mission.  If not, the next planned waypoint location is gathered from the ‘FlightPlan’ block 

and the sequence repeats; if the current location matches the last waypoint position of the 

flight plan the flight details are saved to the ‘SimulationFiles’ database within the 

Simulation_Run directory. 
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Figure H 20 Behaviour of Simulate Mission Scenario Use Case 

The Flight Statistics reference sequence diagram is visualised in Figure H 21.  The current 

speed, in knots, is updates to both the ‘AltitudeChange’ block and the ‘TurningBlock’ block, 

followed by an update in attribute values of the ‘FlStat’ block including renewing the current 

flight time from the operating system.  The ‘FlStat’ block then calculates the travel distance 

between the last update in attribute values; followed by an update in bank information.  For 

calculation of virtual waypoints throughout the journey, the number of samples made has to 

match the output data rate of the associated FSTD or VRTE.  In this case a sample rate of 

10ms matches the desktop simulator: the sample rate can be made as an instructor selected 

rate, however, the speed of the baseline simulation is highly dependent on the computer 

hardware constraints for speed. 
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Figure H 21 Behaviour of Flight Statistics Reference Sequence Diagram 

For a bank turn, the calculations required is to find the centre of the turning circle and the 

circumference of the turn to calculate the distance the aircraft will travel through the turn and 

is described in Figure H 22.  Given a new bearing to the planning waypoint, for smooth flight 

more matched to real world flight, preliminary headings for virtual waypoints are required to 

be calculated.  The ‘Turning’ block is to make a decision on whether a turn is required, 

information is then exchanged with the ‘PositionTurn’ block that then calculates the new 

bearing and distance to travel, exchanges these values to the ‘Bearing’ block who then 

decides the new state(s) of the virtual aircraft. 

 
Figure H 22 Behaviour of Bank Information Reference Sequence Diagram 
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The combined fragment reference sequence diagram, illustrated in Figure H 23, includes the 

Flight Statistics and the SampleWpLocation reference sequence diagram, which are 

responsible for calculation of the current location and attribute values of the ‘Aircraft’ block. 

 
Figure H 23 Behaviour of Combined Fragment Reference Sequence Diagram 

 

For the baseline simulation the current simulated speed, bearing and distance for each 10ms 

sample is required to be calculated along with the next coordinate of virtual waypoints; the 

main part of the simulation that satisfies this task is described in Figure H 24.  The ‘Bearing’ 

block first receives information from the ‘Aircraft’ block with regards to current velocity and 

whether there is a bank turn.  The block then calculates the new bearing (Heading), the 

current aircraft speed (samspeed), and the current travel distance (samdist); all of which 

identifies the attributes for the current sample point waypoint.  This information is exchanged 

with the ‘NavigationControl’ block, which calculates the virtual waypoint coordinate that 

then creates a new virtual waypoint using the ‘Waypoint’ block.  The function then uses the 

direct Vincenty’s calculation to check the calculation, which is confirmed.  The behaviour of 

the blocks is then set ready for the next time the reference sequence diagram is called. 
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Figure H 24 Behaviour of SampleWpLocation reference Sequence Diagram 

The behavioural diagram for the aircraft is seen in Figure H 25.  This simple sequence 

diagram updates the aircraft attributes to match those calculated in Figure H 24, once updated 

the baseline simulation transitions to the next virtual waypoint in the sequence and associates 

a linear line between both points.  

 
Figure H 25 Behaviour of Aircraft Operations Reference Sequence Diagram 
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When simulation of the mission planning data is required, the decision maker is first asked to 

select the missions that they wish to simulate to obtain the baseline scenario data with which 

to compare the student pilots executed mission with.  The options are seen in Figure H 26, 

which relate to basic flight paths used for private pilot training flights that have been fully 

verified to function with the flight simulator designed specifically for the research project; 

furthermore, additional flights have been verified using a variety of waypoint locations and 

distances for the calculations.   Upon selection of the mission scenario, the simulator will 

gather the text file generated from the mission planning system and will execute the 

necessary algorithms to obtain real time data of an ideal flight. 

 
Figure H 26 Mission Scenario Selection List 

To monitor progress of the flight, the simulator displays the UI as seen in Figure H 27, which 

gives the decision maker substantial information regarding the current position of the aircraft 

at each sample time point.  To initialise the simulator, the IS_ON function is ‘primed’, which 

permits the simulator to load the data into the ‘Mission Planning Data’ table shown on the 

bottom right of the figure.  The simulator begins the flight path at the start coordinates 

indicated on the two columns of the first row and uses the information contained within 

columns 4-9 of the first row with which to base the tolerances of a successful flight.  The 3-D 

graph at the right hand side displays a real-time plot of the aircraft location as the algorithms 

calculate new locations every 10ms.  The data in the grey box consists of an altitude indicator 

and a compass indicator to display in real time any altitude change and the magnetic bearing 

of the virtual aircraft during a bank turn; there are also discrete values to the right of the 

graphics to ensure the simulator has not ‘crashed’.  This information presents to the decision 

maker/observer the current calculated speed of the virtual aircraft based on the acceleration 

algorithms used in the simulation, along with the current latitude and longitude coordinates of 
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the aircraft; directly under the coordinates is an estimate of the time to reach the next 

waypoint, the global simulation time, the distances to and from waypoint and the current 

bearing, which will consistently alter during a bank turn.   

The current mission, illustrated in Figure H 27 is the Normal Landing Pattern described on 

Figure H 11.  The plot of the virtual aircraft can be rotated to allow for multiple views during 

the execution of the simulation to see any state changes in aircraft control.  The simulation 

can also be used in conjunction with the student pilot executing the mission scenarios, 

especially in the early stages of training, to give key changes of state indications to the pilot 

on the current bearing, velocity and altitude of the aircraft to ensure the waypoints are 

reached in the required time schedule.  The pitch and roll values along with the compass 

heading during live executions can give an inexperienced student pilot the information 

needed to maintain the course of the aircraft or be used in quick glances to double check 

aircraft current state. 

 
Figure H 27 Simulator User Interface 

On completion of the simulation, i.e. the final waypoint in the table (last row columns 3 and 4) 

has been reached, the instructor will be asked to save the simulation data to a file, a subset of 

which is seen in Figure H 28.  The first column signifies the task number (Task Number -1); 

the second and third columns the current latitude and longitude coordinates of the virtual 

aircraft; the fourth column is the current altitude in feet; the fifth column is the simulation 

time in seconds, which will be used to coordinate with the student pilot executed mission 

scenario output file from the chosen technology; the sixth column is the total distance 
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travelled in nautical miles including the bank turns; the seventh is the virtual aircrafts current 

bearing/heading. 

 
• 

• 

  
Figure H 28 Subset of Output Data from Simulation of Standard Landing Pattern Example 

 



39 

 

 
Figure H 29 Optional Paper Based Planning Sheet for Mission Scenario 
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APPENDIX I  PRE-PILOT ASSESSMENTS 

The pre-pilot assessment stages consists of gathering personal characteristics of prospective 

student pilots along with a simple medical questionnaire followed by an holistic assessment 

of pilot current learning and stress coping ability.  The pre-pilot functional behaviour can be 

seen in Figure I 1.  Each sub-stage, represented by reference sequence diagrams, involves 

interaction with a decision maker, whilst the ILS sub-stage has detailed information that 

needs to be displayed to the decision maker in a separate UI.   The information gathered is 

used to update a main student database file to give the decision maker a quick reference to the 

results obtained. 

 
Figure I 1 Behaviour of Perform Pre-Pilot Assessment Use Case 

The Pre-study assess sub-stage, seen in Figure I 2, involves interrogating a main textual 

database where all prospective student details from the characteristics questionnaire is 

retained from the online sources, an example is seen in Assessment Form 1.  The decision 

maker searches for a particular student pilots name from this database.  The ‘PreStudy’ block 

retrieves the number of questions and the answers and separates them into two 1D text arrays.  

The questionnaires contain both qualitative and quantitative data, from Likert scale questions; 

as a result the quantitative data is converted by the ‘textToint’ block to integer values for 

mathematical manipulation, whilst the qualitative descriptive results are used for further 

assessment on the student if required based on assessment outcome.  The quantitative results 

are then used by the ‘PreStudySep’ block to gather an overall score of student suitability 

including details of gender, age range, and previous experience in real world flying as well 

any previous simulator experience.  For detailed description of GUI, refer to Volume I, 

Chapter 7.2.2. 
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Figure I 2 Behaviour of Gather Student Pilot Personal Characteristics Use Case 

The simulator sickness sub-stage, seen in Figure I 3, includes a simple assessment of 

prospective student pilot’s reaction to using VRTE technology for training.  The functionality 

asks for the decision maker to search for a name from the simulator sickness questionnaire, 

see Assessment Form 2 for details, and then converts the answers to Boolean values.  These 

Boolean values are used to give a quick indication, via the computer display, of any potential 

issues with the probable disorientation effects of VRTE for each student.  If the assessment 

identifies any problems by illumination of an virtual LED on the issues array provided by the 

‘SimSickScore’ block, the qualitative answers given are used for clarification of the potential 

problem.  For detailed description of GUI, refer to Volume I, Chapter 7.2.2.1, 

 
Figure I 3 Behaviour of Assess Simulator Sickness Use Case 
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Assessment Form 1 Pre-Study Participant Questionnaire (Sample) 
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Assessment Form 2 Simulator Sickness Pre-Screen Questionnaire 
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The Index of learning style questionnaire, described in Assessment Form 3, attempts to 

gather the preferred learning style of each student pilot to identify any potential issues with 

them acquiring knowledge from strict lecture material.  The questions are developed with just 

two possible answer options, these options have a value of either ‘1’ or ‘2’ rather than the 

accepted mechanism of ‘a’ or ‘b’.  The prospective student pilot concentration is on the 

descriptive answers to each question and is prompted to answer as honest as possible as the 

result may affect training programs and mission planning objectives specifically planned  for 

them.  The quantitative answers given are used in a specific algorithm that organises the 

questions and answers into learning style dimensions by the ‘ScoreSort’ operation of the 

‘ILSScore’ block, described in Figure I 4.  The ‘GenerateQuad’ operation is used to combine 

learning style dimensions score into two dimensions to permit analysis of the student pilot’s 

ability to learn with concentration given to domain specific strengths needed to perform the 

job.  The ‘identifyRating’ operation uses the score to visually rate the student pilot on their 

ability to acquire knowledge based on strict classroom learning for quick identification using 

colour coded representations on a quadratic graph.  The decision maker can then use the 

graph to perform some additional analysis on the results, using the qualitative answers as the 

basis for analysis.  Once the results are accepted, the ILS grade is saved within the main 

student database file. 

 
Figure I 4 Behaviour of Evaluate Student Pilot Learning Style Use Case 

[Accept = False]loop [Accept = False]loop

:ILSScore

ScoreSort(TotalRating)

GenerateQuad()

IdentifyRating()

:textToInt

Convert()

Get(Questions, Answers)

:PreStudy

Input(NoQuestions, QuestionAnswers)

:Instructor

Analyse()

DisplayGraph()

Display(Instructions)

Accept()

:ILS

«Block,Database»

DataRetrieve(NoQuestions, QuestionAnswers)

SearchName()

:ILS

«Block,Database»



51 

 

Assessment Form 3 Index of Learning Styles Questionnaire 
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Error! Reference source not found. is directly from the Felder Learning Styles and 

trategies research conducted by Richard Felder
1
.  It is an advice sheet to be given to student 

pilots to assist them in adapting to learning styles that they are weak or too strong in to 

achieve a more balance type of learning.  The ILS assessment is to enable identification of 

student pilots that will struggle with the learning material and the manner in which it is 

presented.  The evaluation of the results also gives early indication of any possible future 

interventions or 1-to-1 teaching, not due to the student pilot’s skill ability but due to the 

weaknesses in learning styles.  The advice sheet is a generic list of strategies that might find 

utility in some student pilot’s to work on weaknesses that is affecting on the job performance 

due to the inability to acquire knowledge through normal teaching means.  For Further details 

on ILS evaluation, refer to Volume I, Chapter 7.2.3. 

 

1 
Felder, R.M., & Silverman, L., “Learning and Teaching Styles in Engineering Education”, 

Engineering Education, 78(7), pp. 674-681, 1988.  
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The personal attention assessment examines the ability of individuals to cope with stressful 

conditions and how performance is affected by ‘startle’ effect; the questionnaire can be seen 

in Assessment Form 4.  The questionnaire is produced with a modified Likert scale to allow 

the prospective student pilot a wide variance of attitudes and personal characteristics to real 

world conditions posed by the questions.  The questions and answers are converted to integer 

values for mathematical manipulation for quick analysis.  Of interest is the average 

percentage score the individual obtains and the ‘CalcPercentage’ operation of the ‘PAAScore’ 

block of Figure I 5 is to transform the answers into a percentage and display this to decision 

maker and update the main student database file.  If the individual’s score is less than 50% an 

additional warning virtual led is illuminated on screen to direct the decision maker to further 

assess the individual’s suitability to train as a pilot.  For detailed discussions of the 

assessment, refer to Volume I, Chapter 7.2.4. 

 
Figure I 5 Behaviour of Assess Personal Allocation Attention Use Case 
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Assessment Form 4 Personal Allocation Attention Questionnaire for Pilot Characteristics 
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APPENDIX J  HANDLING QUALITIES WORKLOAD SCALE 

EVALUATION (PSE) 

The Handling Qualities Workload Scale (HQWS) is used to enable the decision maker 

responsible for planning the mission to account for real world workload conditions in relation 

to aircraft handling qualities.  The functionality of the ‘Assign Difficulty Metrics to Task’ 

Use Case, which is responsible for assignment of the qualities metrics, is illustrated in Figure 

J 1.  As this stage is the beginning of the feedback system, the decision maker is asked to 

select the relevant student file for the student currently being assessed to obtain a pilot 

specific rating that gives an indication of pilot’s ability to cope with pressure situations, from 

previous executed missions.  The behaviour of the Use Case then permits the decision maker 

to evaluate the difficulty of performing certain activities involved in all mission tasks.  This 

stage should be used in conjunction with planning the tasks and flight plan of the mission 

scenario in an effort to keep control of various pilot activities.    

The start of the behaviour requests for new information regarding mission reference, task 

number and details, otherwise just the latter i.e. after the initialisation of loop (Loop > 0).  

Operator prompts are then used to direct the decision maker to enter their objective opinion 

on the difficulty of certain pilot activities/operations in the cockpit when it relates to pilot 

qualities needed to action them.  As not all qualities are needed to perform certain operations 

in the cockpit, the behaviour uses decisions based on what operations are required by the 

current task to assess on those qualities relevant by using a reference sequence diagram, seen 

in Figure J 2, to identify which operator prompts are displayed to the decision maker for them 

to make an assessment on.  Each operator prompt within the loop of Figure J 1 relate to the 

mental effort involved to action current aircraft operations.  The average task score for each 

quality is then calculated by the ‘HQWS’ block to give a clear indication of the assigned 

difficulty of each pilot quality that may affect decisions.   The percentage pilot specific rating 

(PSR) is then calculated for each task based on previous mission PSR and current assessed 

tasks.  Once all the operations in the task have assigned difficulty metrics, the decision maker 

will be asked to confirm that all the tasks in the mission have been assessed.  If not, the 

behaviour returns to the beginning of the loop to assess pilot qualities for the next task in the 

mission, otherwise all the assessments for all the tasks are collated within a 2D array by the 

‘CollateResult’ operation that is displayed on screen for the decision maker to view and the 

total for each quality for all tasks in the mission is saved within the main student database file 
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for the respective student.  The collated results are further saved in a database within the 

‘MissionRelatedHQWS’ files within the respective student directory, and the task details 2D 

array is saved in a separate directory(s) for use in further assessment stages. 

 
Figure J 1 Behaviour of Assign Difficulty Metrics to Tasks Use Case 

[Loop > 0]

[Loop = 0]alt

HQWS Details

Ref

HQWS Details

Ref

HQWS Details

Ref

HQWS Details

Ref

[AllTasks = False]loop

[Loop > 0]

[Loop = 0]alt

HQWS Details

Ref

HQWS Details

Ref

HQWS Details

Ref

HQWS Details

Ref

[AllTasks = False]loop

:HQWS

TaskNo()

CalcNewPSR()

CollateResult()

GenerateTasklList()

:Instructor

TaskNo()

NavRating()

MonitorRating()

FlightControlRating()

CommandRating()

NewMissionref()

AllTasks()

AllTasks()

Display(resultsArray)

EnterTaskDetails()

EnterTaskDetails()

Display(Instructions)

Display(EnterNavRating)

Display(EnterMonitorRating)

Display(Instructionstsk)

Display(InstructionMission)

Display(EnterCommandRating)

Display(InstructionFlightControl)

:StudentDatabase
File

«Block,Database»

SelectStudentFile()

Search()

Read(PilotSpecificRating)

UpdateHQWS()

:StudentDatabase
File

«Block,Database»

Search()

:MissionRelatedH
QWS

«Block,Database»

Create()

Write()

:MissionRelatedH
QWS

«Block,Database»
:TaskNoand

Details

«Block,Database»

Create()

Write()



63 

 

The reference sequence diagram ‘HQWS Details’ illustrated in Figure J 1, is described in 

Figure J 2 that expresses the behaviour of the ‘Enter Difficulty Metrics’ Use Case.  Every 

time the reference sequence diagram is called from the parent, the decision maker (instructor) 

will be asked to enter the mental effort difficulty for the current operation.  Once entered the 

Use Case has some decision to make about what additional operator prompts are offered to 

the decision maker.  The first interaction operator queries the previous operation from the 

parent diagram and askes: has the NavRating, MontorRating or FlightControlRating been 

asked for?; if the answer is ‘yes’, then the behaviour within the ‘box’ is executed and the 

decision maker will be asked to enter the physical difficulty followed by the time criticality 

for the relevant aircraft operation within the current task.  However, if all options are false the 

behaviour within the ‘box’ does not execute.  It can be seen in Figure J 2, the 

CommandRating option only executes once within the main loop of Figure J 1 and thus has 

only three quality metrics associated with aircraft operation (one for mental effort (main loop) 

and two (time available and Information Usefulness) from the option described in Figure J 2.  

For more details discussions on the GUI, refer to Volume I, Chapter 7.3. 

 
Figure J 2 Behaviour of Enter Difficulty Metrics Use Case 
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APPENDIX K  ROSETTA 0 ASSESSMENT 
 

ROSETTA 0 involves the identification of relevant training attributes that need to be 

associated with the mission tasks and then asks the decision maker about the suitability of the 

training technology for evaluation of the training attributes for transfer of training (ToT) for 

operational environment.  There are two stages involved in this assessment stage, one for 

design and one to assess suitability at the highest non-technical level.  Figure K 1 describes 

the sequence of events for the behaviour of ROSETTA 0 assessment, which consists of four 

reference sequence diagrams.  The first concerns retrieving a list of training attributes from 

Table VI (Page 63) that are relevant for the mission tasks; or retrieve a list of previous 

relationships from previous planned missions.  The selection of training attributes and 

relevant training technology, selected from Table VII (Page 63), are then used to scale and 

structure the framework.  Once the size of the framework and relationships between 

parameters of the framework have been generated, the relationships between requirements 

and design metrics are displayed to the decision maker in graphical form within the 

framework to permit analysis of the sensitivities between parameters for the purpose of trade 

studies.  Elimination of technology concerns the analysis results based on efficacy of training 

attributes to MECs for each technology.  For full details of GUIs for this assessment stage, 

refer to Volume I, Chapter 7.4. 

 
Figure K 1 Behaviour of Perform High-Level Rosetta 0 Assessment Use Case 
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Table VI List of MECs and Knowledge and Skills used for Verification of Workflow Process 

 
This table produces the list of Knowledge and Skills used for planning tasks and training 

attributes for the mission and located in database KnowledgeAndSkill <<Block, Database>> 

 

Table VII Subset of Training Devices Available within the FTS 

 
This table produces the technology lists for Technology Layouts <<Block, Database>> 

 

Figure K 2 describes the behaviour of the ROSETTALevel0Design reference sequence 

diagram.  The instructor is prompted to search for the task details file created from the 

HQWS stage along with retrieving the training attributes database to elicit knowledge of 

tasks involved in the planned mission.  Each task number and details is then displayed to the 

decision maker in the UI in sequence along with instructions on how to select a subset of 

training attributes relevant to the current displayed task.   

 

The first attribute required to be selected is for all the MECs relevant to the task, the column 

of MECs from Table VI are displayed within an array and scroll bars are used to scroll 

through each MEC.  The decision maker then has to select all that apply (one or more can be 

selected); once all relevant MECs have been selected, the decision maker is required to 

acknowledge the selection by activating the virtual ‘complete’ button.  The UI will then 

transfer to page 2 of the tabular display for a list of supporting competencies and the process 

is repeated for each training attribute.  Once all have been selected for the task, if more tasks 

need training attributes associated with them the process is repeated; however, if all the tasks 

have training attributes assigned then all the information gathered is collated into a 2D array 

and the decision maker will be requested to save the data into the Ros0Design database . 

MECs Supporting C Knowledge Skills Experiences

Assess and integrate information Adaptability Aircraft characteristics Adapts to changing envionment Operating area restrictions

Process and Analyse information Communications Time restrictions Anticipates problems Restrictions to visibility

Dynamic execution Decision Making Phase of Mission Interprets sensor output Mountainous terrian

Decisiveness Flight Management (Battle) Mission objectives and goals Makes assessment Fatigue / Time on task

Assessment/reconstitute-initiate follow on Actions Identification Commit criteria Manages mission timing Task Saturation

Remain oriented to mission requirements Information Management Understanding process and functions manages stress and pressure Limited time to act/react to situation

Recognise trigger events that require shift in phase Situation Awareness Multi-tasks Various initial conditions

Timeline Sorts information Dynamic retasking

Negotiation Switchology Various employment altitudes

Quality Control Assesses risk

Number Reference Make Type Display Control Cost FOS category

1 BTD HP Laptop 15.6 anti-glare K&M 1023.53 Desktop trainer

2 DTH-24 HP Laptop LA2405x 24" anti-glare HOTAS 3064.9 Desktop trainer

3 DT-KS HP Laptop LA2405x 24" anti-glare *3 HOTAS 3530.9 Desktop trainer

4 DTCC Compusys Desktop LCD5220 52" * 6 HOTAS 7871.85 Desktop trainer

5 FTD ? FTD ? ? ? FTD

6 FMS ? FMS ? ? ? FMS

7 Hawk ? Aircraft ? ? ? Aircraft

8 Hawk Mk.2 ? Aircraft w. Synth ? ? ? Advanced Aircraft

FoS Configuration
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Figure K 2  Behaviour of Create K&S for Mission Use Case 

The structure of ROSETTA 0 framework is directly dependent on the output of the ‘Create 
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duplicate attributes to assemble a list of K&S and MECs for the whole mission, hence, all 

duplications of descriptions are removed by the operation ‘RemoveDuplicates’ of the 

‘FrameworkSetup’ block, illustrated in Figure K 3.  The numbers of K&S together with the 

numbers of training technologies are then used to scale and structure the ROSETTA 

framework. 

 
Figure K 3 Behaviour of Setup Framework Use Case 

The data from the ‘FrameworkSetup’ block is then exchanged with the ‘Ros0Matrix’ block 

that organises both lists in order, as seen in Figure K 4.  Each training attribute is then 

assessed by the decision maker for each training technology.  The technology reference is 

displayed within a sentence along with a K&S; the decision maker will then select a semantic 

description of the suitability of the technology to train the currently displayed K&S.  The 

semantic description is directly associated with a discrete value, this value describes the 

objective relationship between the K&S and the training technology.  The next K&S in the 

list is then displayed and the sequence continues until all the K&S relevant to the mission has 

been assessed for the current technology.  The identical assessment process is then repeated 

for the next training technology indicated by the outer loop.   The suitability of a technology 

to all the training attributes is then calculated and a 2D array representing the framework is 

created, displayed to the decision maker and saved within the Ros0Analysis database 

directory. 

For the purposes of technology elimination, the 2D array saved within the database is 

retrieved and the decision maker will be asked using the information displayed within the 2D 

array whether the current technology presented within a sentence is a suitable solution for 

training the K&S.  Once a decision has been made, the next technology within the 2D array is 

displayed within the same sentence and the same choice needs to be made; as described by 
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the loop in Figure K 5.  The results are collated and added to the 2D array and then saved 

within the ROSETTA 0 elimination directory to be used as identification of training 

technologies remaining for further elimination stages. 

  
Figure K 4 Behaviour of Assess K&S with Technology Configuration Use Case 

 
Figure K 5 Behaviour of Eliminate Technology in Rosetta0 Use Case  
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APPENDIX L  PILOT WORKLOAD ASSESSMENT 
 

The pilot workload assessments, described by Figure L 1, consist of assigning estimated 

workload levels per student for each task within the planned mission along with identification 

of task importance to realize which task should incur the greatest concentration to the student 

pilot.  Once all input attribute values for workload has been entered, the behaviour of the Use 

Case calculates the percentage workload for each task followed by the total per mission and 

updates the mains student database file for the respective student pilot with workload values.  

The 2D array created is saved in a separate Workload Database file under the relevant student 

pilot’s directory. 

  
Figure L 1 Behaviour of Estimate Workload for tasks Use Case 

Upon commencement of this assessment stage, instructions are displayed via a separate 

window, which informs the decision maker about the tasks required to complete the workload 

assessment.  The decision maker will then search for the relevant planned mission scenario 

within the TaskNoandDetails database and the ‘WorkloadCat’ block will organise the tasks to 

give clear indication in the GUI of what task is being assigned workload values, as illustrated 

in the first event in Figure L 2.  The loop requesting for workload values repeats until all 

tasks have assigned workload values.  Under consideration are: cognitive, visual, auditory, 

kinaesthetic, and psychomotor workload values at the task level using information contained 
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within Table VIII (Page 71) as the basis for grading; this however can be realised in greater 

detail by considering workload values at the activity levels depending on the level of analysis 

required.  The workload values per task are collated into a 2D array to be used as the basis for 

assigning task importance. 

 
Figure L 2 Behaviour of Grade Workload per Task Use Case 

The identical database as in the ‘Grade Workload per Task’ Use Case is used to ensure the 

decision maker is fully aware of the number of tasks and the task details for assignment of the 

task importance.  The decision maker uses a scroll function to select his objective opinion of 

how critical the task is to the successful completion of mission goals using a scale of 1: not 

important-to-10: mission critical.  Once the value of mission criticality has been accepted, by 

operating the virtual ‘Select’ button, the ‘TaskImp’ block, illustrated in Figure L 3, generates 

a matrix array to visually identify all workload assignment values along with task importance 

levels. 

Both arrays from previous workload assessments are used to calculate the total workload 

value per task, as seen in the internal loop of Figure L 4, and then for the whole mission as 
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seen by the ‘CalcWorkload’ operation of the ‘Workload’ block.  The whole mission workload 

value is taken as a percentage of maximum to be used to update the main student database 

file. The full description of the entire GUI used for this assessment stage can be found in 

Volume I, Chapter 7.5.  

 
Figure L 3 Behaviour of Assign Task Importance Metric Use Case 

 
Figure L 4 Behaviour of Calculate Workload Importance Use Case 
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Throughout all stages amending the main student database file gives a decision maker a quick 

summary of difficulty and performance metrics for each student; as a result the functionality 

is required to be repeated throughout the behaviour of other stages.  The reference sequence 

diagram used for updating the main student database file is seen in Figure L 5.  The first 

operation needed is for the decision maker to select the relevant student file (for the current 

student being assessed), followed by searching for the current mission scenario reference that 

should be within the student file.  The heading name used to search is realised from the parent 

use case, shown in Figure L 1, along with the attribute value to update.  The ‘StudentFile’ 

block searches the database file for the heading and updates the file with the new attribute 

value within the identified mission scenario reference row. 

 
Figure L 5 Behaviour of Amend Student file Use Case 
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Table VIII Workload Component Scales (Amended from Wojciechowski (2006)) 

Visual, Auditory, Cognitive, and Motor Channel Values and Descriptors 

Value Visual scale Descriptor Value Auditory Scale Descriptor 
0.0 No Visual Activity 0.0 No Auditory activity 

1.0 Register / detect image 1.0 Detect/register sound 

3.7 Discriminate or detect visual 

difference 

2.0 Orient to sound, general 

4.0 Inspect/check (discrete inspection) 4.2 Orient to sound, selective 

5.0 Visually locate/align (selective 

orientation) 

4.3 Verify auditory feedback (detect 

occurrence of anticipated sound) 

5.4 Visually track/follow (maintain 

orientation) 

4.9 Interpret semantic content (specify) 

5.9 Visually Read (symbol) 6.6 Discriminate sound characteristics 

7.0 – 

7.9 

Visually scan/search/monitor 

(continuous/serial inspection, 

multiple conditions) 

7.0 – 

7.9 

Interpret sound patterns (pulse, 

rates, etc. 

 Cognitive Scale Descriptor  Psychomotor scale Descriptor 
0.0 No cognitive activity 0.0 No motor activity 

1.0 Automatic (simple association) 1.0 Speech 

1.2 Alternative selection 2.2 Discrete actuation (button, toggle, 

trigger) 

3.7 Sign/signal recognition 2.6 Continuous adjusting (flight 

control, sensor control) 

4.6 Evaluation/judgement (consider 

single aspect) 

4.6 Manipulative (constant adjustment 

of position human/technology) 

5.3 Encoding/decoding, recall 5.8 Discrete adjusting (rotary, vertical 

thumb wheel, lever position) 

6.8 Evaluation/judgement (consider 

several aspects) 

6.5 Symbolic production (writing) 

7.0 – 

7.9 

Estimation, calculation, conversion 7.0 – 

7.9 

Serial discrete manipulation 

(keyboard entries) 

Kinaesthetic Scale Descriptor 
0.0 No Kinaesthetic activity 5.5 Serial movements (Keyboard 

Entries) 

1.0 Simple switch activation (Toggle, 

button, touch) 

6.1 Kinaesthetic cues conflicting with 

visual cues. 

4.0 Status of object or switch position 6.7 Continuous adjustment of switches 

(rotary, lever) 

4.8 Adjustment of switch or lever 7.0 – 

7.9 

Continuous adjustment of Controls 
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APPENDIX M ROSETTA 1 FRAMEWORK 

ROSETTA 1 includes two sub-stages: design and analysis.  The design of the framework is 

seen in Figure M 1 where the databases generated from the previous ROSETTA assessment 

are acquired to obtain a list of remaining systems (training technology) and training attributes 

to assess; each training technology is assessed independently.  Each MEC is assigned an 

importance value to the successful completion of the mission and combined with the K&S 

levels to create a structure for the framework that calculates the number of loops and the 

number of graphs required to be created or loaded from previous files.  Once the RSEs have 

been generated, data is uploaded to three different database locations for ease of viewing and 

traceability: one for the original RSE, one for additional sample points within the RSE, and 

one for the training attribute importance levels. 

 
Figure M 1 Behaviour of Produce ROSETTA 1 Framework Use Case 
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For allocation of the maximum MEC to evaluate for the planned mission, seen in Figure M 2, 

the current system of the FoS is displayed to the decision maker along with the current MEC 

description to assess.  A new window will be presented on the UI requiring the decision 

maker to enter the max level of MEC for preparedness that the technology can satisfy.  The 

decision maker uses the scroll bars to select a value (limited to 1-5) based on their subjective 

opinion on pilots ability using the technology.  Once the range has been accepted the next 

MEC in the array is presented and the assessment continues until all MEC for each 

technology is completed.  A 2-D array is then generated, which forms the basis of the size 

and structure of the framework. 

 
Figure M 2 Behaviour of Allocate MEC Grade Use Case 

The DesignPrepLoop reference sequence diagram, described in Figure M 3, uses the 

information within the generated array to separate the K&S and MEC arrays to create the axis 

scales and names for the creation of the RSE’s.  One K&S and importance value is used to 

generate the first column of an array signified by the outer loop in the figure.  Each MEC and 

importance range is then used to create the other columns within the 2-D array; thus, one 

K&S is associated with one or more MECs.  Once the first K&S has all identified MECs 

assigned, the outer loop repeats for the next K&S within the K&S array; the process is 

repeated for the number of K&S stored in the K&S array.   A large 2-D array with all the 

K&S and multiple MECs of the same description is created by the 

‘GenerateFoSKSMECArray’ operation within the ‘DesignLoop’ block. 
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Figure M 3 Behaviour of Prepare Sample Points for RSEs ROSETTA 1 Use Case 

The LoopProsGen reference sequence diagram, shown in Figure M 4, uses data generated by 

the ‘Ros1Framework’ and ‘DesignLoop’ blocks to create a graphical representation of the 

sensitivities between the non-functional worker oriented requirements and the MEC design 

metrics.  As in the previous behaviour of this stage, each K&S is assessed with respect to all 

the identified MECs.  The number of K&S controls the outer loop whilst the numbers of 

MECs control the inner loop within Figure M 4.  A default RSE shape is created from the 

importance values given in the previous sub-stage and the x and y axis are constructed and 

displayed to the decision maker.  Using the importance values a linear RSE array is created 

and presented within the graph generated by the Ros1DesignGraph reference sequence 

diagram.  The decision maker(s), using RSEs for additional knowledge, has an opportunity to 

amend the RSE for one requirement (K&S) to one design metric (MEC).  Once the shape is 

accepted, the next MEC in the list is assessed to the same K&S.  Once all MECs in the list 

have an RSE associating the K&S to the MECs, the RSE mathematical function is saved 

within a 2-D array.  The next K&S in the list is then assessed with the same MECs with the 

2-D array updated on each K&S assessed.  Once all K&S have been assessed with all MECs, 

the RSE sample points are increased to smooth the shape to assist in the analysis phase.  Both 

the original RSEs and the new RSE with additional sample points are then separated out into 
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independent 2-D arrays that will then be saved within separate database directories illustrated 

in Figure M 1. 

 
Figure M 4 Behaviour of Generate ROSETTA1 RSE Arrays Use Case 

The Ros1DesignGraph reference sequence diagram of the ‘Create RSE for Manipulation’ 

Use Case can be seen in Figure M 5.  The importance metrics for both the K&S and MECs 

are used to scale the axis of the graphs and the linear plot is created using the values from the 

importance metrics (alternatively the decision maker can upload previous RSEs from the 

database(s)).  The graph is displayed in a separate window and allows the decision maker to 

adjust the current K&S array values associated with the sample points that are used to 

generate the linear plot.  There is no time limit of the decision maker to alter the shape of the 

RSE, as indicated within the first loop of Figure M 5; once the shape has been accepted a new 

array is generated from the sample point location values on the graph.  The RSE array is 
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streamed through a filter function that adds additional values to the array and filters the RSE 

shape ready for the analysis sub-stage.   Within the final loop, a decision is made relating the 

names of K&S stored in the K&S array; if experience hours name is identified, the RSE 

shape describing the relationship between the MECs does not run through the filter process 

(as experience hours executes a separate software filters).  The final graph for analysis is 

presented to the decision maker for a period of 5seconds before the 1
st
 inner loop in Figure M 

4 is executed again. 

 
Figure M 5 Behaviour of Create RSE for Manipulation Use Case 

ROSETTA 1 analysis stage is a combination of two sub-stages: one for analysis of the RSE 

shape for training level trade studies and one for elimination of training technology, as 

illustrated in Figure M 6.  Once the analysis phase has been complete, all the data generated 

from the framework is simplified and presented to the decision maker within a spreadsheet 
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table.  The metric values describing the analysis information within the table is then used for 

the purpose of elimination of technology. 

 
Figure M 6 Behaviour of Perform High Level ROSETTA1 Analysis Use Case 

For ROSETTA 1 analysis, described in Figure M 7, specific instructions as to the method of 

using the framework for the purpose of analysis, is given.  The decision maker has two 

options: 1) to use the original RSEs developed from the design; and 2) to use the filtered RSE 

shapes for a more detailed analysis.  The conclusion of which RSEs to use in the framework 

is highly dependent on how detailed the analysis needs to be and on the performance 

capability on the computer being used for this stage of analysis.  Once a decision has been 

made, the ‘ROSAnalyse’ block will obtain a list of systems with the remaining FoS and use 

the number of technologies from this list to set the number of loop iterations.  If the analysis 

stage is being executed separately to the design stage then the training attributes database is 

used to retrieve a list of training attributes.  The 2-D arrays are used to scale the framework 

and identify the graph labels for each axis and to determine how many slots (that contain the 

graphs) are required to be displayed.  The framework and associated graphs/slots is then 

displayed within a separate window using the functionality of the TradeStudy reference 

sequence diagram, described in Figure M 8.  Once the trade study has completed, the values 

associated with the partial differentials, which describe the robustness of the relationship, and 

the K&S value levels decided on are stored within a 2-D array and the total suitability value 

of the current training technology is calculated and added to the bottom of the array.  The 

next remaining technology in the FoS systems array is then assessed in the identical manner 
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and the result of the trade study is added to the 2-D array.  The end result is one large 2-D 

array, which incorporates all partial differential values along with K&S level values including 

total suitability values for all technologies: this is then saved within RoS1Analysis Solution 

database file within the ROSETTA 1 directory. 

 
Figure M 7 Behaviour of Perform ROSETTA 1 Analysis Use Case 

The trade study reference sequence diagram behaviour is described by the ‘Perform Trade 

Study’ Use Case behaviour of Figure M 8.  The graph attributes are gathered from the 

‘ROSAnalyse’ block that is used to scale the graphs of the framework within the display.  
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the location of the cross hairs within the graphs, each slot (containing a graph) within the 

framework is then updated with the current design metric values to match the critical 

parameters being studied.  Once the decision maker has concurred with the values associated 

with the relationships and sensitivities between all non-functional worker oriented 

requirements and functional MEC design metrics the values of all parameters, which is 

dependent on the location of the crosshairs, is extracted and stored within two 2-D arrays: one 

for the K&S level values and one for the partial differential (sensitivities values).   The 

framework display is then closed to be ready for the next technology or MEC (if resource 

constraints limit the number of graphs being displayed – columns of data are used for each 

technology) in the list that requires trade studies to be performed. 

 

Figure M 8 Behaviour of Perform Trade Study Use Case 

The SetupDisplay reference sequence diagram behaviour, illustrated in Figure M 9, is used to 

scale the framework and decide on the slot label names.  Issues with the size of the display is 

resolve by extending the functionality by permitting the decision maker to scale all the graphs 

and hence control the location of each graph using one ‘ScaleGraph’ operation which alters 

the size and location of each graph on screen; thus, permit graphs to be presented adequately 

on any monitor size and each graph location will ensure that each is side-by-side each other 

whether it be horizontal or vertical.  The graphs are then refreshed on the display with new 

physical sizes and labels that describe the framework parameters. 
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Figure M 9 Behaviour of Setup Display Use Case 

The results from the analysis are then used for the purpose of technology elimination; the 2-D 

array of sensitivities and K&S level values are retrieved then simplified.  Like in the previous 

ROSETTA elimination stage the decision maker will be asked, using the information 

displayed within the 2D array whether the current technology presented within the displayed 

sentence is a suitable solution for training the levels of MEC and/or K&S decided by the 

trade studies.  This decision is based on which technology concerning both the MEC value 

and the value of the partial derivative when it relates to importance values described within 

the design sub-stage.   Once a decision has been made based on the current displayed 

technology, the next technology within the 2-D array is displayed to the decision maker 

within the same sentence and the identical decision needs to be made; as described by the 

loop in Figure M 10.  Once all technologies have been evaluated on suitability for training 

attribute levels, the results are collated and added to the 2-D array that is then saved within 

the ROSETTA 1 elimination directory to be used as identification of training technologies 

remaining for the last elimination stage.  For detailed information regarding this assessment 

stage, refer to Volume I, Chapter 7.6. 
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Figure M 10 Behaviour of Perform Technology Elimination ROS1Use Case 
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APPENDIX N PILOT AWARENESS RATING 

To obtain a subjective view on the student pilot of their understanding of the mission scenario, 

each student pilot completes Assessment Form 5 online and the results are then saved within 

the PARS database directory, which describes an evaluation relating to their perceived SA 

based on information presented to them in the per-mission brief.   

In this assessment stage, the decision maker will search a student pilot’s name from the 

database file to retrieve the answers, which are then converted to integer values to permit 

calculations.  The questionnaire is categorised to allow different dimensions of SA to be 

assessed, as a result the answers are also categorised to calculate the percentage of 

understanding for each.  Once all the calculations in the assessment have been completed, the 

main student database file is updated with relevant values, as seen in Figure N 1. 

 
Figure N 1 Behaviour of Obtain Student Pilots Understanding of Mission Use Case 

The results of Assessment Form 5 can also be used for feedback as to how effectively the 

instructor has presented the pre-mission brief to each student pilot.  The results can be 

correlated to the results of ILS questionnaire to clarify those students who have been 

identified within the pre-pilot assessments as having the potential of difficulty in 

understanding strict course material and whether the results concur with those who find it 

difficult to comprehend the goals of the planned mission scenario.  If so, interventions or 

additional instruction can be offered to those student pilot’s to assist them in gaining 

confidence and more understanding of the specifics being evaluated within the mission.  For 

details of the GUI for the assessment stage, refer to Volume I, Chapter 7.7.  
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Assessment Form 5 Pilot awareness Rating Scale Questionnaire
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APPENDIX O ROSETTA 2 FRAMEWORK 

Table IX Training Device Fidelity Characteristics with ROI Boundaries 

 
This table is used for the database Training Device Fidelity <<Block, Database>>. (Please 

refer to Pages 94-108 for detailed descriptions of parameters in the table). 

 

 

As with ROSETTA 1, ROSETTA 2 assessment stage includes two sub-stages: design and 

analysis.  The design of the framework is seen in Figure O 1 where the decision maker has an 

option of how detailed the analysis needs to be and is based on the data held in Table IX; the 

high-level analysis is based on the types of fidelity, whereas the detailed analysis is based on 

the fidelity characteristics, as described in Figure O 2.  For each of the remaining training 

technologies, ROSETTA 2 will structure and scale a framework with the information 

gathered from the Level of Detail Rosetta Level 2 reference sequence diagram.  Once one 

technology has assigned RSEs, describing the relationship between parameters, the behaviour 

of ROSETTA 2 will repeat the design stage for any other technology remaining.  Once all the 

technologies have RSEs assigned, the loop will exit and information is stored in two arrays: 

one design which are the original RSEs for each parameter to each technology; the other is 

the analysis array which contains the RSEs with additional sample points.  The arrays are 

uploaded to two different database locations for ease of viewing and traceability: one for the 

original RSE and one for additional sample point within the RSE. 

 

Organisational factors Minimum Maximum Type of Fidelity Minimum Maximum Simulator fidelity characteristics Fidelity Min Fidelity Max

Practice emergency procedures 0 10 Human Perspective / focussed View 20 100

Ease of Distributed Training 0 10 Quality of information 10 100

Availability 10 100 Level of Distortion / Minification 20 100

Affect on Attention Weight 1 10 Confined Training View 1 100

Affect of Situational Awareness 1 20 Visual Refresh Rate 50 240

Affect on Salience 1 20 Response time 10 100

Direct Operating Cost 1 100 Visual Display Resolution 10 100

Visual Immersion 10 100

Field of Regard 10 100

Detectable Lag in Display View 10 100

Motion / Vestibular Cues 0 100

Resemblance to real cockpit configuration 20 100

Environment temperature / pressure 0 100

Environmental lighting 20 100

Pilot Position / Seating 0 100

Buttonology 20 100

Switchology 10 100

Pilot Control 0 100

Feedback Relationship 0 100

Aircraft / Environment model accuracy 10 100

Psychological Fidelty 0 100 Performance Feedback to Baseline 0 100

Verbal Fidelity 0 100 Auditory Cues 0 100

Task Fidelity

Visual

Physical Fidelity

Functional Fidelity

10 100

10 100

20 100

10 100
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Figure O 1 Behaviour of Obtain Sensitivities and Correlations between FoS Use Case 

 
Figure O 2 Behaviour of Select Level of Detail for Analysis Use Case 
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The Rosetta2Design reference sequence diagram, described in Figure O 3, uses the 

information within the generated array of Figure O 2 to create the axis scales and names for 

the creation of the RSE’s.  One organisational objective requirement is used to generate the 

first column of an array signified by the outer loop in the figure.  Each fidelity range is then 

used to create the other columns within the 2-D array; thus, one KSOrg is associated with one 

or more fidelity attributes.  Once the first KSOrg has all identified fidelity’s assigned, the 

outer loop is repeated for the next KSOrg in the array; the process continues for the number 

of KSOrgs’ within the KSOrg array.   A large 2-D array is then created with all the KSOrg 

and multiple fidelity types/characteristics of the same description by the 

‘GenerateFidelityOrgArray’ operation within the ‘DesignLoop’ Block. 

 
Figure O 3 Behaviour of Prepare Sample Points for RSE ROSETTA2 

The LoopProsGen2 reference sequence diagram, shown in Figure O 4, describes the identical 

behaviour of Figure M 4 that uses data generated by the ‘Ros2Framework’ and ‘DesignLoop’ 

blocks to create a graphical representation of the sensitivities between the Organisational 

objective requirements and the fidelity design metrics.  As in the previous behaviour of this 

stage, each KSOrg is assessed with respect to all the identified fidelity characteristics.  The 

number of KSOrgs’ controls the outer loop whilst the numbers of fidelity attributes control 
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the 1
st
 inner loop within Figure O 4.  A default RSE shape is created from the selected values 

given in Table IX and the x and y axis are constructed and presented to the decision maker.  

A linear RSE array is created within the graph generated by the Ros2DesignGraph reference 

sequence diagram.  The decision maker(s), using RSEs for additional knowledge, has an 

opportunity to amend the RSE for one requirement to one design metric parameter.  Once the 

shape is accepted, the next fidelity in the list is assessed to the same KSOrg.  Once all 

Fidelity attributes in the list have an RSE associating the KSOrg to the fidelity values the 

RSE mathematical function is saved within a 2-D array.  The next KSOrg in the list is then 

assessed with the same Fidelity types/characteristics, with the 2-D array updated with each 

KSOrg assessed.  Once all KSOrg’s have been assessed with all fidelity values, the RSE 

sample points are increased to smooth the shape to assist in the analysis phase.  Both the 

original RSEs and the new RSE with additional sample points are then separated out into 

separate 2-D array that will then be saved within separate database directories illustrated in 

Figure O 1. 

 
Figure O 4 Behaviour of Generate ROSETTA 2 RSE Arrays Use Case 
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The Ros2DesignGraph reference sequence diagram of the ‘Create RSE for Manipulation 

Ros2’ Use Case can be seen in Figure O 5; the behaviour follows the identical process as 

those described in Figure M 5.  The graphs and the linear plot is created using the values 

from Table IX, (alternatively the decision maker can upload previous RSEs from the 

database(s)).  The graph is presented in a separate window and allows the decision maker to 

adjust the current array values associated with the sample points that are used to generate the 

linear plot.  There is no time limit of the decision maker to alter the shape of the RSE as 

indicated within the first loop of the figure; once the shape has been accepted a new array is 

generated from the sample point location values on the graph.  The RSE array is streamed 

through a filter function that adds additional values to the array and filters the RSE shape 

ready for the analysis sub-stage.   The final graph for analysis is displayed to the decision 

maker for a period of 5seconds before the 1
st
 inner loop in Figure O 4 is executed again. 

 
Figure O 5 Behaviour of Create RSE for Manipulation Ros2 Use Case 

For ROSETTA 2 analysis, described in Figure O 6, specific instructions as to the method of 

using the framework for the purpose of analysis, is given.  The decision maker has two 

options: one to use the original RSEs developed from the design; second to use the filter RSE 

shapes for a more detailed analysis.  The decision of which RSEs to upload to the framework 
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depends on how detailed the analysis needs to be and on the performance capability on the 

computer being used for this stage of analysis.  Once a decision has been made, the 

‘ROS2Analyse’ block will obtain a list of systems with the remaining FoS and use the 

number of technologies from this list to set the number of loop iterations.  If the analysis 

stage is being executed separately to the design stage then the training attributes database is 

used to retrieve a list of training attributes.  The 2-D arrays are used to scale the framework 

and identify the graph labels for each axis and to determine how many slots (that contain the 

graphs) are required to be displayed.  The framework and associated graphs/slots is then 

displayed within a separate window using the behaviour of the TradeStudy reference 

sequence diagram, described in Figure M 8.  Once the trade study has completed, the values 

associated with the partial differentials, describing robustness of the relationship, and the 

KSOrg value levels decided are stored within a 2-D array and the total suitability value of the 

current training technology is calculated and added to the bottom of the array.  The next 

technology in the technology remaining array is then assessed in the identical manner and the 

result of the trade study is added to the 2-D array.  The end result is one large 2-D array, 

which incorporates all partial differential values along with KSOrg level values including the 

value of total suitability for all technologies. 

The trade study functionality is described by the ‘Procure Effective Blending Training Mix’ 

Use Case diagram of Figure O 7.  The results from the analysis are then used for the purpose 

of technology elimination, the 2-D array of sensitivities and KSOrg level values are retrieved 

then simplified.  Like in the previous ROSETTA elimination stage the decision maker will be 

asked, using the information displayed within the 2D array, whether the current technology 

presented within the displayed sentence is a suitable solution for training based on the 

organisational requirements.  Along with being asked the question, a warning is also 

displayed indicating that only one system from the FoS can be chosen.   This decision is 

based on which technology on both the KSOrg value and the value of the partial derivative.   

Once a choice has been made, it is saved within the main student database file as the 

technology that is being used to execute the mission scenario.  The information is used to 

assess the suitability of the blended mix solution, using the performance outcomes for 

comparison, as the student pilot progresses through the pipeline.  For detailed discussions of 

the assessment stage including the GUIs, refer to Volume I, Chapter 7.8. 
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Figure O 6 Behaviour of Attain Fidelity Value Of Systems Use Case 

 
Figure O 7 Behaviour of Procure Effective Blended Training Mix Use case 
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This appendix describes the parameters used for ROSETTA level 2 analyses that concentrate 

on the technology characteristics of the systems within the FoS mix.  The description and 

grades give an indication of the details that need to be reflected when creating the RSEs that 

describe the relationship between design and technology variables.  The description of the 

fidelity and design variables bounds the problem in an easy to understand approach for the 

generation of the method aimed at evaluation of technology suitability for the current training 

mission. 

Technology Viewpoint 

Visual Fidelity 

Visual Fidelity describes the visual accuracy of real world objects emulated by a simulation.  

The smoothness of recognition, size aspect ratio and distance of the object from the avatar (a 

simulation object controlled by human interaction) account for this fidelity dimension; a 

further abstraction of visual fidelity is described by the sub-headings below.  Generally, 

visual fidelity is incorporated with physical fidelity; however, due to the complexity and cost 

of accuracy of software objects representing the entire simulation environment displayed to a 

human user, the dimension is perceived to be important and considered independently to its 

parent dimension.  For high-level design and analysis, a grade of 100 signifies the simulation 

model is an identical visual replica of the real world object, both in size and aspect (not 

feasible at the moment due to limitations of technology), a grade of 10 indicates poor visual 

replication of the object both in size and dimensions, but, a human user can still recognise 

what the software object is attempting to emulate.  A grade less than 10 is deemed unsuitable 

for training in synthetic devices. 

Human Perspective / Focussed View: 

This is the field of view for region of interest, which the human eye is required to focus on 

during the execution of the mission scenario. The vertical field of view has approximately 

135deg, and horizontally ~270deg (without head being turned).  Assessment of relationship 

between the design variables to this technology parameter is based on SME opinion on the 

effect of display and control assemblage with respect to the details the human eye can 

recognise from the horizontal field of view.  The scale is based on whether all information 

needed to complete the mission tasks is available without the need to re-focus pilot’s eyes in 

a different location.  A grade of 100 means all information is available in horizontal view, a 
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grade of 20 infers that required information needs eye and head rotation on a regular period to 

execute mission operations – (associated to screen size, software configuration of display).  

This dimension is directly associated with pixel pitch, which is the term that correlates the 

display resolution and optimal viewing distance. 

Quality of Information Presented: 

The information presented to the pilot is to be based on the fitness of use for the pilot to make 

decision whilst flying the plane.  This is a subjective measure which can be varied to align to 

specific pilots.  The dimension has to be based on the suitability for the given mission task 

and/or objectives.  This information presented to the pilot is an imperative part of a model 

known as the DIKAR model.  The data displayed by the simulation leads to information the 

pilot can use to gain, use or advance knowledge that the pilot has been taught, which leads to 

actions (corrective or otherwise) that will perceive to obtain the correct result. 

𝐷𝑎𝑡𝑎 → 𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 → 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒 → 𝐴𝑐𝑡𝑖𝑜𝑛𝑠 → 𝑅𝑒𝑠𝑢𝑙𝑡𝑠 

The scale has to be based on accuracy, consistency, timeliness, reliability, usability and value 

added quality given to the pilot from the chosen technology.  A grade of 100 means the 

quality of information given to the pilot is identical to the experience gained in the real world.  

A 10 means that the information presented to the pilot is not reminiscent of a real world 

experience and should only be used to gain a ‘feeling (a vague idea)’ of flying an aircraft in 

an unrealistic environment. 

Level of Distortion / Minification: 

Minification is often seen as the removal of unnecessary information without affecting the 

functionality.  With reducing the size of real world images to display on monitors a level of 

distortion and the perception of objects in the environment within the simulation might infer 

some disorientation for the pilot.  This measure is used, to some degree, to determine the 

level of visual workload needed to obtain proficiency for the real world operation.  A grade 

of 100 presents exact visual projections experienced in real world operation; a score of 20 

presents maximum minification of detail to fit simulation to the display (10.4” (800*600), 

1.3:3).  This dimension is strongly correlated with aspect ratio. 
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Confined Training View: 

‘ignorance may be less fatal than a small degree of knowledge, because this adds, to 

the evil of ignorance, the inevitable errors of a confined view of things.’  

- (Priestley and Vanstone, 2010: 12)
2
  

 

The dimension concentrates on what perspectives the pilot may gain on using current 

configuration of equipment, and possibly the incorrect knowledge accrued from continued 

practice.  If left to the pilots own devices, bad habits, modified (incorrect) procedures could 

be continuously practiced.  This dimension concentrated on the possibility of unsupervised 

use of the equipment to practice or execute mission scenarios.  A grade of 1 indicates fully 

unsupervised use of the technology and 100 indicates fully supervised at all times. 

Visual Refresh Rate / Frame rate: 

Refresh rate represents how many times the screen image (or frame) is completely 

reconstructed every second.  The more times a screen image is refreshed every second the 

smoother the image is in terms of motion rendering and flicker reduction.  In flight simulation 

used for training it is important that the pilot is not distracted by flickering of the image.  A 

grade of 240 represents monitors with a refresh rate of 240Hz, a grade of 120 represent 

monitors and projectors with a refresh rate of 120Hz, 50Hz is the lowest refresh rate. 

Display Response Time: 

Response time is described as the total time the monitor takes to respond to a request for 

service.  In a monitor the response time is directly dependent on the amount of time a pixel in 

a display takes to change state.  Response time is measured in milliseconds.  For smooth 

rendering using the monitors/projectors for training it is preferable to have a low refresh rate, 

this means faster transitions between states and thus fewer visible blurs between frames.  A 

response time of 2ms will score 100, response rates of 16ms scores 10; slower response rates 

are deemed unsuitable for flight training. 

Visual Display Resolution: 

Visual resolution describes the amount of detail that can be distinguished in an image by the 

human eye.  Within the display of a VRTE the detail is stored in a video file called resolution.  

1
Priestley, P. & Vanstone, M., “Offenders or Citizens?”, Readings in Rehabilitation, Cullopmton: Willan, 2010. 
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Often the display resolution is measured in the number of vertical and horizontal pixels in a 

grid (vertical, horizontal) pixel.  The sharpness of the displayed image is fully dependent on 

the resolution, the higher the better in all axes.  The resolution of displays has constraints to 

the size of the screen, referred to as the aspect ratio.  Some monitors are rectangular in shape 

and therefore incur a pixel aspect ratio which represents its width to height ratio.  The display 

aspect ratio (DAR) refers to the shape of a video frame (this is how the video will be 

displayed on the monitor (4:3, 16:9, etc.).  A grade of 100 represents monitors/projectors with 

4K ultra high resolution definition (3,840*2,160), a grade of 10 represents monitor/projectors 

of (490*320).  A grade of zero represents the lowest resolution rate (320*200) 

Visual Immersion: 

Visual immersion can be described as the object level of fidelity of the sensory stimuli 

produced by a technology system; in other words is it the perception of being present in a 

non-physical world.  The perception is created by the use of images that should engross the 

pilot into the environment.  Within flight training, the method of visual immersion is to 

enable the pilot to experience performing operations that involve skill, knowledge and 

decision making by creating a realistic emulation of the real world entity.  The general 

consensus in the scientific community is that immersion can be measured by studying the eye 

movements of a participant.  Immersion can be affected by picture quality, size, and comfort 

of pilot.  A disadvantage of VRTEs, however, is something called simulator sickness (similar 

to motion sickness) where external reference points are missing or blocked from vision 

creating a disorientated feeling.  Boredom distractions and an unchallenging environment can 

lead to poor (visual) immersion.  Visual immersion is important dimension to consider when 

deciding which technology to use to train at which level.  A grade of 100 signifies high visual 

immersion, score of 1 means little visual immersion in the training activity and a high degree 

simulator sickness symptoms occurring. 

Field of Regard: 

Field of regard (FoR) is generally considered as a forgotten brother of field of view.  It 

describes all the points of the visual environment that can be perceived by a human eye.  In 

this context when considering FSTD technology and indeed real flight, the field of regard 

includes not only the image the pilot needs to focus on to complete the current task but also 

the objects within the image which are not relevant to the task that may lead to distractions 

whilst performing the mission.    For training, the pilot has to be directed to which area he or 
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she needs to maintain focus on, and temporarily ignore the other less relevant information 

that his vision can see.  This dimension is graded using subjective viewpoint on real world 

flight field of regard.  A real world flight would be perceived as a high level of FoR and score 

a maximum of 100, a VRTE and its environment would score a percentage of maximum 

depending on the size, location, and environment (enclosed, open plan, colour).  This 

dimension is graded using data from analysis of VRTE location to the visual field outside the 

focussed field of View.  A grade of 100 indicates full visual immersion throughout the field 

of regard, a grade of 10 indicates the presence of ‘small’ monitors within an office 

environment. 

Detectable lag in display view: 

This dimension primarily deals with an estimate of control-display lag that may be detectable 

by the pilot.  This dimension is directly related to the speed, memory and CPU architecture 

used as the driving force of the training device.  The feedback to the pilot on the movement 

of the aircraft has to be accurate and concise enough to replicate real world dynamics of the 

aircraft to facilitate pilot decision making; commonly referred to a latency or lag.  This 

dimension is comparable to the application response time of a software program using events 

generated from a key press.  For military FSTDs an established 150msec is set as the 

maximum allowable display latency for all basic flight information, however it has been 

found that a total system latency of 150-250ms is tolerable in landing approach tasks where 

symbology is providing the primary flight guidance and command information (ref: AC-120-

28, Appendix  2).  However, for HUD systems the capability for reduced latency for a large 

field of view is required to be as low as 20msec.  For the purpose of subjective analysis, a 

technology using HUD with low latency of 20msec is graded at 100, the maximum latency of 

250ms grades a 10. 

Physical Fidelity 

Simulation and VRTE technology is concerned with the ‘fit’ between technology users, their 

tools and environment.  This this dimension considers ergonomics and the physical 

environment both within the VRTE but also the physical effect on the human user given cues 

from the simulation.  The similarity between the VRTE and its environment and the real 

world aircraft and environment is considered; a further abstraction of physical fidelity is 

described by the sub-headings below.    For high-level design and analysis, a grade of 100 



101 

 

signifies the VRTE replicates the physical and environmental appearance the real world 

aircraft and cockpit, a grade of 20 indicates poor replication of the real world cockpit, 

displays and switches.  A grade less than 20 is deemed not to provide any physical 

recognition of a real world aircraft or cockpit. 

Motion / Vestibule Cues: 

This dimension refers to the realism of non-visual cues normally associated with moving 

through an environment.  The lack of normal cues (expected by the pilot) may contribute to 

cyber-sickness and may affect pilot performance.  When a pilot is flying he/she expects not 

only visual cues provided by the displays, but also motion cues to clarify that the manoeuvre 

being executed is actually happening.  With only visual cues the pilot is presented with two 

contradictory cues to their motion; this leads to disparate cues experienced by the pilot, 

causing inter-sensory conflict that may be the cause of nausea leading to simulator sickness.  

The distinct lack of motion cues experienced by the pilot will grade a 0, maximum motion 

cues experienced grades 100. 

Resemblance to real cockpit configuration: 

There is a general consensus that more a human is familiar with their surroundings, the better 

job performance.  Furthermore, it stands to reason that the more accurate the training 

technology working environment matches the real world operating environment for the pilot, 

the better transfer of training.  However, this is strongly related to the amount of immersion 

the pilot feels whilst executing mission tasks through the chosen technology.  Depending on 

what specifics are being trained, the more disparate a training environment is to the real 

world it causes a risk of negative transfer of training that could affect the training outcome 

and mask the performance of the pilot.  This dimension uses the subjective opinion of SME’S 

and feedback from the student (with respect to the flown mission) to assess whether the 

resemblance of the training configuration effected or will affect the desired outcome.  A 

grade of 100 indicates the cockpit matches the operational aircraft, grade of 20 indicates a 

low level of resemblance to said operation aircraft.  (a grade of 0 is reserved for VRTEs 

which have no emulation to the real world). 

Environmental temperature/pressure: 

The temperature within the cockpit of most modern military jets is generally controlled to be 

comfortable working temperature: most have air conditioning and heating.  Thus, emulating 
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temperature working conditions can be seen as being somewhat irrelevant.  However, in 

dome FSTDs most of the technical equipment produces heat in a confined area and could 

cause unnecessary discomfort.  Flying a military fighter jet, blackouts and g-loc (loss of 

consciousness) are a risk in high speed (combat) manoeuvres, thus the pilot wears a g-suit:  

the pilot movement is restricted by his g-suit and oxygen mask.  The g-suit is tightly fitted to 

restrict the draining of blood away from the brain during high period of acceleration, which 

may add additional discomfort for the pilot whilst flying the mission.  When an aircraft is at 

high altitude, supplementary oxygen is required via the face mask to compensate for the 

differential pressure caused by the increase in altitude.  This additional equipment added to 

the pilot can cause additional thermal stress/blood pressure which the pilot needs to cope with 

whilst concentrating on completing the mission goals.  Some FSTDs permit the display to 

change to a shade of red to indicate that high G’s are being pulled
3
.  This dimension needs to 

consider the training mission and the tactical manoeuvres required and whether the chosen 

technology is suitable for the pilot to gain an understanding of effects on the human body of 

high g-force manoeuvres.  A grade of 100 indicates training is being conducted ion a real 

aircraft, a grade of 70 indicates the FSTD can emulate g-forces by vestibule feedback to pilot, 

and allows alteration to pressure within a g-suit.  A grade of 0 signifies no replication of 

pressure effects on the human body either visually or physically.  

Environmental Lighting: 

Cockpit lighting has been under considerable discussion.  White light tends to be used more, 

the red light to allow for a more natural visual environment within the aircraft.  Problems 

such as, errors in course plotting are thought to be caused by incorrect lighting in the cockpit.  

For night flights the night vision goggles are generally used to provide additional view 

capability with light amplification.  On the ground, the VRTEs are generally placed in a room 

with fluorescent lights and the more basic FSTDs can be located in a number of environments 

with disparate lighting effects.  A subjective analysis is required for each mission to be 

performed as to the effect of environmental lighting on what specifics are being trained.  This 

dimension considers the training effect of artificial lighting in the location of the FSTD and 

the effect on pilot’s performance or additional distraction caused by reflections/ strobe 

lighting effects, etc.   

 

3
Banerjee P.K., Chowdhary, S, & Jain P.K, “Studies on heat stress in military flying”, AR&DB Project report: 

769/93, 1993. 
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A grade of 100 is a perfect match for the operational environment, a grade of 20 indicates 

minimal lighting with unrealistic panel lighting and symbology illumination from the 

technology. 

Functional Fidelity 

Functional fidelity concentrates on the look, feel and familiarity with controls when 

compared to the real world aircraft.  The layout of FSTD cockpits, the identical displays, 

switches and levers, which all correspond to the same operation within the real world aircraft, 

are important to enable consistency and reduce confusion for student pilots.  Therefore, this 

dimension concentrates on the recreation of operational characteristics from the real world to 

the user interfaces of the VRTE; a further abstraction of functional fidelity is described by the 

sub-headings below.  For high-level design and analysis, a grade of 100 signifies the VRTE 

user interfaces perform the identical operation as the real world object and the layout of 

switches, levers, and displays etc. are identical to those found in the aircraft cockpit.  A grade 

of 10 indicates that different switches in disparate locations have been used to perform some 

function that replicates the real world object and the cockpit layout does not replicate the real 

world cockpit.  

Pilot Position / Seating: 

The environment of the pilot is important to the success of the training for the transfer of 

training (ToT) to the real world.  The position of the pilot whilst flying a virtual aircraft is an 

important factor to consider.  The seating could span from a wooden chair to an office seat to 

a replica simulator pilot seat, to an emulated cockpit chair to a real cockpit chair.  

Measurements from the seat locations/positions to the display and additional controls are 

important to consider for successfully completing mission goals and learning the 

corresponding knowledge and skills.  A seating position which correctly resembles a real 

aircraft is graded 100, a seating position which does not take into consideration real world 

ergonomics (measurements of seat position to controls and display) of the pilot to controls 

grades a zero. 

Buttonology: 

This dimension concentrates on the additional information and knowledge the pilot has to 

acquire in order to fly the planned mission with respect to the control of the virtual / real 
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aircraft.  An FSTD needs to emulate each operation of a real aircraft in order for pilots to gain 

the necessary knowledge and skills to exercise the correct procedures on a real world aircraft.  

The switches / key-presses / buttons needed for which type of function / operation is required 

to be known.  Different configuration will require new explanation of which control does 

which function and thus requires some time for familiarity, especially if locations of these 

controls are in disparate locations.  This dimension has to be graded with respect to the real 

world aircraft ultimately being trained for.  A replication of operations using identical 

switches/buttons etc. is graded a maximum of 100, the controls which do not match the same 

switches/buttons with respect to the aircraft grades a minimum of 20. (The actuator may 

perform a similar task but a pushbutton switch in replacement of a toggle switch may cause 

some confusion for the pilot even though they perform the same function). 

Switchology: 

This dimension concentrates on the setting of switches to perform some function, which will 

hopefully promote ease of use during flight.  This dimension concentrates on the knowledge 

given to the student pilot before they undertake the task to gain familiarisation of the 

configuration.  As with buttonology, this dimension has to be graded in relation to the real 

world ‘set-up’.  Some VRTEs permit certain functions to be performed automatically, for 

instance, raise landing gear can be done automatically – especially if no control switch has 

been set to work for this functionality.  The difference in settings between the training 

equipment and the aircraft being trained for has to be considered so that a subjective 

assessment can be made about certain aspects of familiarization for the pilot.  As with 

buttonology, a setting configuration which matches the real aircraft will grade a maximum of 

100, a setting which is not capable of being emulated by the VRTE, or done automatically 

within the VRTE grades 20.  A grade below 20 indicates that the function cannot be 

programmed in to do manually or in doing so causes addition distraction and workload to the 

pilot which can affect performance during mission tasks. 

Pilot control: 

In a real aircraft, rudder and brake controls are provided for by pedals operated by pilot’s feet.  

In some FSTDs, pilot control functionality may be provided by key presses or various types 

of yoke and throttle controls.  The assessment considers the importance of the control to the 

success of the mission, attaining relevant K&S and the ability for the pilot to maintain focus 

on the goals of the mission rather than be distracted on operating the controls of the aircraft.  
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The quality, handling capability, ergonomic design, and location of the control are under 

assessment also.  A grade of 100 indicates the controls are identical to the real world aircraft 

being trained for operational readiness; a grade of 0 indicates no resemblance to aircraft 

controls and provides additional distraction and workload to the pilot. 

Task Fidelity 

Task fidelity concentrates on the correspondence between tasks and operations that is 

performed on the real world object and the tasks and associated actions performed in the 

VRTE.  The essence of task fidelity is to assess the realism of behaviour of the VRTE both in 

the simulation and the effects of perception of changes in state of the simulator objects on the 

human user; a further abstraction of task fidelity is described by the sub-headings below.  For 

high-level design and analysis, a grade of 100 signifies the simulation model provides 

feedback to the pilot which directly emulates the real world experience of the pilot, a grade of 

10 indicates that some feedback mechanisms to the pilot are missing or poorly represented by 

the VRTE technology and associated equipment.  

Feedback relationship: 

This dimension refers the accuracy of information or additional cues for control feedback to 

the pilot.  Examples of which include how accurate the virtual aircraft operates with and 

without flaps, g-force rating in turns and climbs, tactile feedback to HOTAS system, etc..  

This dimension has a strong correlation with the aircraft model dimension.  This subjective 

assessment is conducted with SMEs who assesses the degree of realism in pilot actions to the 

FSTD and back to the pilot.  A technology which gives an unrealistic feedback to the 

operator for the respective design variables is graded a 0, the most accurate feedback for each 

design variable grades a 100. 

Aircraft / Environment model accuracy: 

The physics of flight is what needs to be reproduced within FSTDs in order to give a realistic 

feel to the pilot.  Substantial work has been conducted to emulate stall, acceleration, drag, 

momentum, etc.  One of the major issues still outstanding in VRTEs is reproducing the 

feeling of movement which gives feedback to the controls.  Landing an aircraft, crashing an 

aircraft and the feeling of g-force characteristics still requires substantial research to 

reproduce.  However, most aircraft models are good for training muscle memory and 
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checklist familiarisation in conditions that simulate time durations and distractions of real 

flying.  As a general rule of thumb the more expensive the FSTD, the better emulation of the 

real aircraft model.  The restriction of a real feeling of aircraft is strongly dependent on size 

of monitors, speed of processor, size of memory, control inputs etc.  As with all FSTD 

simulated aircraft models, some aircraft models are more accurate than others.  Due to 

higher-order dynamics on the aircraft attitude control, the pilot has to perceive the attitude as 

well as the angular rate, angle of attack, sideslip using visual perception from monitors, 

projector displays, and others.  This dimension has to consider not only the accuracy of the 

model within the FSTD, but, also the possible pilot perception of accuracy of the model.  A 

grade of 100 indicates the FSTD model of the aircraft and environment and the pilot’s 

perception of the model is extremely accurate, a grade of 10 indicates the model is a poor 

replication of the real world aircraft model and pilots have a poor perception of the real world 

aircraft using the virtual simulated model. 

Psychological Fidelity 

Performance feedback to Baseline: 

This dimension concentrates on real statistical feedback to be given to pilots on the success of 

the mission.  Generally, feedback is given by SME/instructor observations.  Most modern, 

low fidelity simulators can give an accurate feedback describing pilot performance with 

numerical data.  Most modern aircraft have the ability to record every stage of the mission 

and every action of the pilot, which can be used to de-brief personnel on the mission.  During 

training it is important to ensure pilots are given information that can be used to strengthen 

their weaknesses or to gain confidence on certain aspects of their knowledge and skills (K&S) 

to improve mission success and their own performance.  This dimension is graded on the 

technologies capability to feedback accurate data to the pilot and SMEs on the performance 

of the flight.  A grade of 100 indicates that FSTD replicates the real world aircraft model 

precisely and gives an accurate playback ‘situation’ with all actions of the pilot being 

recorded in a time dimension to reflect workload and SA.  A grade of 0 indicates little or no 

feedback mechanism available and fully reliant on instructor opinion and possible bias. 

Verbal Fidelity 

Auditory Cues: 

This dimension concentrates on the realistic sounds experienced by the pilots as they execute 

the mission scenario.  Aspects of this dimension include the quality of the sound, stereo, 
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clarity, sound definition, volume, and physical properties of sound (vibration).  The 

subjective analysis is based on real world sound quality experienced by the pilot live flying 

the mission scenario.  A fully realistic sound quality grades 100, and unrealistic sound quality 

grades 10, and no sound feedback to the pilot grades 0. 

Organisational Design Variables 

Mathematical RSEs are used to describe the relationships between the design variables and 

the technology fidelity.  The grades are an indication of the maximum and minimum levels to 

give the relationship a region of interest and bound the RSE to enable the SMEs the ability to 

adjust the shape of the RSE to give a more accurate relationship between the organisational 

design variable and the technology fidelity parameters of the VRTEs for trade studies; to 

choose the most appropriate training technology to use for each respective student pilot. 

Non-Functional ‘Worker-oriented’ requirements 

Knowledge under assessment: 

This dimension considers Knowledge as the body of information applied directly to the 

performance (or function) of a task in the mission scenario.  Knowledge is given to the pilot 

through the training programme which uses the technology and the instructor’s opinions to 

assess performance in relation to the mission goals.  The SME opinion, in this case, is to 

identify the relationships between the knowledge under assessment to the technology fidelity 

dimensions.  A mathematical function is then used to describe the relationship.  The level of 

knowledge varies between weak (1) to outstanding (10) and is dependent of the mission tasks.   

Skills under assessment: 

This dimension considers skills as the observable competence to perform a learned 

psychomotor act.  The term psychomotor is the relationship between cognitive functions and 

physical movement of a task in the mission scenario.  Skills are trained within the training 

programme which uses the technology and the instructor’s opinions to assess acquired skills 

in relation to the mission goals.  As with the knowledge dimension, the SME opinion, is to 

identify the relationships between the skills under assessment to the technology fidelity 

dimensions.  A mathematical function is then used to describe the relationship.  The level of 

skills varies between novice (1) to expert (10) and is dependent of the mission tasks.   
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Operations 

Practice Emergency Procedures: 

Emergency procedures can be extremely difficult to train due to the inherent dangers.  The 

circumstances in which a fault/problem occurs requires a quick response time from the pilot 

to determine what is wrong, how critical it is, and how much time does the pilot have to fix or 

otherwise circumvent the problem.  This dimension, therefore, concentrates on the ease, 

safety, and practice of the remedy of emergency situations.  Under consideration is how 

effective the VRTE is at accomplishing the remedy of emergency procedures using the 

technology fidelity dimensions. .  A mathematical function is then used to describe this 

relationship.  The grade varies between excellent fault diagnostic and rectification emulation 

capability grades a 10 to poor fault replication and poor emulation capability grades a 0 and is 

dependent of the emergency procedure being assessed.   

Ease of Distributed Simulation: 

With the advent of large scale military operation involving numerous forces cooperating and 

working side by side on the identical mission goals; it is advantageous for pilots from 

disparate backgrounds/countries to learn to fly and perform mission tasks as a combined unit.  

The networking of communications and tactical information to create a collective mission 

environment is an advantage for real world operations.  This dimension concentrates on how 

effective the technology fidelity is at achieving collective mission training using distributed 

simulation.  Overall functionality, networking, and cost are considered at delivering this type 

of training.  A grade of 10 indicates that the technology provides excellent effective DIS 

ability, a grade of 0 indicates DIS is unavailable. 

Availability: 

Availability in this context refers not only to the number of VRTEs that are available, but 

also how reliable the VRTE is, the ease of maintenance and upgradeability.  VRTEs and 

aircraft are expensive not only to operate but also to maintain.  This dimension is an 

subjective assessment of these attributes with reference to the technology fidelity of the 

system in focus.  The more available a technology is, the more the pilots can use the 

technology to practice the mission tasks and gain additional knowledge and skills to prepare 

the student for readiness.  However, availability does not necessarily mean that practice 

should be open-ended without supervision.  Assessment of this dimension should also include 
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the supervisor availability to ensure that the student pilot does not gain any unwanted actions 

in the cockpit/ aircraft operations.  A grade of 10 indicated full availability, low cost, ease of 

maintenance, and adequate supervisor control; a grade of 0 indicates minimum availability, 

high cost, poor maintenance and little supervisor control. 

Performance Factors 

Effect on attention weight: 

It is common knowledge that good SA guides attention towards relevant information, 

whereas poor SA guides attention towards less relevant information and possible errors and 

poor pilot performance.  SME are therefore required to place weight to events which student 

pilot will come up against in support of guiding the student pilot’s attention to prevalent 

events relevant to completive mission objectives.  Thus, attention weight is directly related to 

information visual, verbal, or otherwise given to the pilot by the FSTD.  This dimension 

considers the attention of events given by the technology fidelity and is strongly correlated to 

the Situation Awareness (SA) dimension.  A grade of 10 indicates that the attention cues 

given by the technology fidelity is identical to the real world aircraft, a grade of 1 indicates a 

poor emulation of the real world aircraft, cockpit and displays. 

Effect on Situation Awareness: 

Situation Awareness consists of the allocation of attention to events and an understanding of 

the belief regarding the current state and probable future state of the aircraft within the 

environment.  This dimension concentrates on the technology’s fidelity ability to provide the 

pilot with enough quality information considering the effort and ability of the pilot (head, eye, 

hand movement) to obtain such information.   A training device that accurately replicates the 

real world SA experience grades a 20, those that do not infer the real world conditions with 

respect to the workload requirements grade a minimum of 1. 

Effect on Salience: 

The pilot is required to reach a decision based on the information received/feedback from the 

training device.  Certain cues from the training device should permit the pilot to perform 

cognitive retrieval of strategies to use upon certain received cues.  These cues should allow 

the pilot to quickly and efficiently guide pilot’s attention to the salient events.  The salience 

of the event is described as the state of an object (e.g. warning on panel) which stands out 
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relative to its neighbours.  Salience of event become more of an issue the closer the 

cues/warning lights are to each other as well as the colour/luminance differences are to each 

other.  A grade of 1 indicates that the salience of the events are hard to capture pilots 

attention due to closeness and size of visual cues, a grade of 20 indicates good identification 

of salient events and ample distances between visual cues.  

Economics 

Direct Operating Cost: 

The direct operating cost covers a diverse range of different definitions.  This dimension 

concentrates on a subjective rating of fixed and variable costs, including acquisition cost, 

maintenance cost, lifetime upgrade costs and support costs, and personnel training costs.  

Typical operation cost can vary between £5000 per hour for a Mk2. hawk aircraft (typhoon ~ 

£70000/hr) to £300 to a full equipped VRTE to zero for a basic desktop simulator.  Typical 

cost of acquisition can vary to the ranges of £18million for a hawk aircraft to ~£2000 for a 

suitable desktop simulator with basic flight simulation software.  There is a high disparity in 

price between real world application and the ground based simulator DOC.  Thus, it is 

imperative that the mission task importance and the K&S levels for pilot training to play an 

important role in the choice of technology to use for K&S acquisition for mission readiness.  

The DOC has a natural trade-off with K&S and is potentially the most important factor that is 

used for the cost of training for governments to budget air-force training.  For the huge 

disparity, a grade in this dimension of 100 indicates a high acquisition and high running cost 

of technology (such as typhoon), a grade of 1 indicates minimum cost of acquisition and 

minimum cost of maintenance. (The hawk Mk.2 aircraft will be graded a 70, with blended 

synthetic mix added - 80). 
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APPENDIX P TASK LOAD  

Task load is used to gather further information regarding workload and time allotted to 

complete tasks.  The workload database, described in Appendix K, and the baseline scenario 

data is retrieved using the ‘Readfromfile’ reference sequence diagram in Figure P 1, 

described by Figure P 2.  The number of tasks within the mission and the workload 

dimension values for each task are gathered along with the timelines available for each task.  

The information is used to calculate task load per task with each loop calculating task load for 

each task respectively; the result of which are saved within an array.  This array is saved 

within the workload TaskNoAndDetails file and the average task load for the whole mission 

is saved within the main student database file.  For details, refer to Volume I, Chapter 7.9. 

 
Figure P 1 Behaviour of Assess Task Load for Each Task within the Mission Use Case 

  
Figure P 2 Behaviour of Read from Workload File Use Case 
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APPENDIX Q PERFORMANCE PREDICTION ASSESSMENT 

It is important to estimate the pilot’s ability to keep the aircraft under control to satisfy 

mission requirements.  The behaviour of ‘Estimate MoP of Student’ Use Case is seen in 

Figure Q 1, which uses Gaussian distributions to assist the decision maker in predicting both 

accuracy and precision of pilots actions.  Data from previous assessments is retrieved to 

obtain a default value for the standard distribution for the generation of the Gaussian curves.  

For the PhD research, this assessment has been limited to three accuracies: altitude, aircraft 

position and time; however, additional assessments can be easily supplemented.  The number 

of tasks in the mission controls the loop iterations and there is a feature that permits the 

instructor to amend the automatically calculated standard deviation for each accuracy 

distribution to allow subjective opinion to influence performance tolerance.  Each distribution 

for accuracy for each task is saved within a 2-D array within the PlotDistributionFiles 

Database that will be used for further assessment upon completion of the planned mission 

scenario. 

 
Figure Q 1 Behaviour of Estimate MoP of Student Use Case 
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The ‘readfromstudentfile’ reference sequence diagram is illustrated in Figure Q 2.  The 

‘StdDist’ block initially displays instructions to the decision maker of the aspects of this 

assessment stage.  Upon receipt of the instructions the decision maker will retrieve the pilot 

specific rating and the percentage understanding from the main student database file, which 

will be used within an algorithm to alter the default accuracy setting of the Gaussian curves 

that visually indicates the performance accuracy for each pilot operation during execution of 

tasks or activities.  The decision maker will then be asked to retrieve the workload file that 

obtains the number and details of the tasks within the mission; this will be used to specify the 

loop size that is directly associated with the number of tasks in the mission.  For more details 

on predicted performance assessment is found in Volume I, Chapter 7.10. 

 
Figure Q 2 Behaviour of Read from Main Student File Use Case 
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APPENDIX R PRE-FLIGHT SA  

The pre-flight assessment asks the student pilot to give information regarding their current 

state of mind just before executing the mission.  This information is provided via Assessment 

Form 6 that is retrieved from the pre-flight database for each pilot within the Student_Pilots 

directory.  The answers are in the form of a Likert scale that is transformed to an integer 

value for calculation of percentage performance SA to give an indication of how the current 

state can affect the predicted performance with respect to successfully completing goals of 

each task within the mission.  The total percentage is saved within the main student database 

file on the respective mission scenario reference row.  Further details can be found in Volume 

I, Chapter 7.11. 

 
Figure R 1 Behaviour of Obtain Situation Awareness Use Case 
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Assessment Form 6 Pre-Flight Situation Awareness Questionnaire
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APPENDIX S GOAL MODELLING 

Goal modelling provides an easy visual way to predict success of student pilots on an activity 

or task basis based on both instructor and pilot subjective and objective assessments; the goal 

assessment behaviour is visually described in Figure S 1.  The number of tasks and details are 

retrieved and used to set the number of loops with which to obtain triangular distributions 

describing the decision makers view on the satisfaction of the student pilot on achieve the 

task or activity goal.  In an attempt to alleviate complication with the assessment criteria, the 

decision maker is presented with three windows asking for input data:  the first is for 

maximum satisfaction of the goal believed that on an exceptional day the student pilot is 

capable of achieving; the second for the minimum satisfaction level acceptable; the last is the 

most likely satisfaction level based on previous assessment results and instructor opinion.  

Once these values are accepted, the ‘GoalModel’ block generates the triangular distribution 

that best describes the goal satisfaction of the task or activity.  This distribution is displayed 

in graphical form allowing the decision maker to alter the shape of the distribution, if 

required, to describe more accurately the satisfaction; this may be primarily based on the Pre-

Flight SA assessment that might affect the accuracy predictions completed previously.  Once 

the shape has been accepted the next task or activity is assessed using the identical process.   

Once all the tasks or activities have been assessed, all the distributions are stored within a 2-

D array using the ‘BuildGoalArray’ operation.  The array is then used to obtain a distribution 

for whole mission satisfaction based on the details entered within the loop using the point 

value propagation algorithm executed by the ‘CalcPointValueDist’ operation.  The triangular 

distribution for the mission is presented to the decision maker that could highlight areas of 

concern or areas that required detailed concentration on during mission execution.  The mean 

satisfaction point is calculation for whole mission and saved within the main student database 

file for further analysis as the student progresses through the pipeline.  For further details on 

the assessment, goal modelling techniques and associated GUI, refer to Volume I, Chapter 

7.12. 



118 

 

 
Figure S 1 Behaviour of Estimate Mission Success Use Case 
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APPENDIX T SUPERVISOR ASSESSMENTS  

During execution of the mission scenario the decision maker (instructor) will observe the 

actions of the student pilot along with the outcomes of the activities.  This will form the basis 

for the information that the decision maker will enter within Assessment Form 7.  The 

answers from the form are converted to integer values that are used for the calculation of the 

percentage performance outcome of the mission and is saved within the main student 

database file, as seen in Figure T 1.  

 
Figure T 1 Behaviour of Conduct Subjective Flight Evaluation Use Case 

Assessment Form 7 is completed for each student pilot and can be used to focus training 

attributes to each of them.  This form should be completed after the mission using notes made 

by the decision maker during execution of the mission with which to base the objective 

assessment on.  The form also takes into account the instructor’s own opinion whether the 

needs of the student was taken into account during the pre-mission brief.  The results of the 

form can be compared to the student pilot equivalent (Assessment Form 8) with significantly 

different (or opposite) opinions forming the basis for part of the post-mission brief on the 

mission performance.  Interventions can be planned on the difference of opinion between 

decision maker and student pilot with open debates on which aspects of the mission or pre-

mission brief caused the most confusion and thus assist in creating a plan to remedy the 

identified weakness.  Further information on observer assessment method can be found in 

Volume I, Chapter 7.14.1.  
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Assessment Form 7 Supervisor Assessment on Pilots Ability from Execution of Scenario 
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APPENDIX U TECHNOLOGY FEEDBACK 

Student pilot performance stage consists of three sub-stages of analysis as seen in Figure U 1: 

the first reference sequence diagram concerns retrieval of performance data from the chosen 

training technology identified from ROSETTA 2 assessment followed by reading data from 

the baseline scenario assessed in Appendix H;  The data is used for quick comparison of the 

mission using 3-D visual displays to efficiently identify phases of the flight that caused 

undesirable outcomes;  The data is then used for more detailed analysis using 2-D graphical 

plot that can be focussed to the phases of flight causing issues for the pilot.   The predicted 

performance distributions are then retrieved from the ‘PilotDistributionFiles’ database for the 

respective student pilot and used to give a metric score for each task or activity within the 

mission to grade the student pilot on the satisfaction of achieve the task or mission goal(s).  

The performance array is then saved within the ‘Performance Results’ database file for the 

mission located in the Flight Analysis directory.  The final reference sequence diagram’s 

behaviour concentrates on the monitoring information from pilot control gathered from the 

training technology to identify any potential ‘startle’ conditions which affected smooth 

control of the aircraft for a short period of time. 

 
Figure U 1 Behaviour of Assess Student Performance Use Case 
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Figure U 2 described the ‘readfrombaseline and FoS Feedback’ reference sequence diagram 

illustrated in Figure U 1.  The previously simulated (or flown) mission data is retrieved from 

the ‘SimulationFile’ Database file for the respective mission and stored within a 2D array.  

The executed mission file will then be retrieved from the ‘FoSExecutionData’, which is 

stored within 2 separate arrays: one for aircraft positional information; on one for pilot 

actuator behaviour, as described in Figure U 2. 

 
Figure U 2 Behaviour of Read from baseline Scenario and FoS Feedback Use Case 

The 3DCompare reference sequence diagram behaviour is described in Figure U 3 that uses 

the aircraft position data from both the baseline scenario simulation and the training 

technology to generate 3D plots that are used to compare the ideal to actual executed mission 

scenario.  The decision maker uses the plots to identify key areas of interest that require 

further analysis; information on the GUI for all assessment sub-stages is found in Volume I, 

Chapter 7.13.2.   

 
Figure U 3 Behaviour of Compare Mission Execution in 3 Dimensions Use Case 
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The key areas of interest identified from the 3D plots can be examined in more detail using 

the 2D multi-plot display described in Figure U 4.  Each plot describes the full mission flight 

that will focus the decision maker on more specific details of the mission.  The plots can be 

manipulated to focus more on aspects of the flight on a per task basis.  The decision maker 

has to accept the analysis is complete before transferring to assess performance outcomes.  

These plots can be used for discussions in the post-mission brief. 

 

 
Figure U 4 Behaviour of Compare Flight in Detail Use Case 

 

Task performance occurs by the separation of the arrays into tasks, where each task is graded 

independently; this is a further assessment stage to the one described in Figure U 4.  This 

further stage, described in Figure U 5, displays the analysis data in a 2-D form and uses the 

accuracy and precision data gathered from Appendix Q with which to grade the student 

pilot’s accuracy to mission requirements.  The scoring is completed at each time sample point 

and then averaged for the whole task.  The outer loop continues to execute until all the tasks 

of the mission are scored.  The score for the whole mission is then calculated using the 

average score per task for the basis of calculation; the result is consequently saved within the 

main student database file. 
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:TwoDComparison

GeneratePlots()

:SimulationData
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Figure U 5 Behaviour of Perform Performance Task Analysis Use Case 

To monitor how the pilot interacts to control the aircraft, monitoring data from each input 

device is used to generate plots describing rate of change in movement of each with respect to 

time.  The graphs are used to analyse how effectively the student pilot controlled the aircraft 

during the mission; any spikes in output indicate brief period that the student pilot lost control; 

of interest in how these period line up to objects of interest within the training exercise.  The 

decision maker will make notes on the key areas to discuss with the respective student pilot 

on the post-mission brief. 

 
Figure U 6 Behaviour of Assess Pilot Operation Behaviour Use Case 
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APPENDIX V POST MISSION SUBJECTIVE ASSESSMENT  

The post mission analysis consists of a number of subjective assessments directed at each 

student pilot, described in Figure V 1.   

 The first assessment considers the pilots own opinion on the workload involved 

within the mission tasks, see Assessment Form 8. 

 The second concentrates on the student pilots opinion on the success of the mission 

tasks with respect to using the training technology, see Assessment Form 9. 

 The third concentrates on the training technologies effectiveness for task execution, 

see Assessment Form 10. 

 The final assessment consists of a number of simple paper based questionnaires base 

on flowchart principles that guide the student pilot to the appropriate description and 

contains a scale concerning the training technologies usefulness in executing the 

various operations involved in the mission tasks. 

All grades from the assessment is saved within the main student database file using the 

‘AmendMainStudentFile’ reference sequence diagram. 

 
Figure V 1 Behaviour of Perform Post Mission Analysis Use Case 
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The ‘Pilot self-assessment’ reference sequence diagram is seen in Figure V 2.  The student 

pilot’s answers are retrieved from the PostFlightSelf Assessment database and converted to 

integer values.  The values are then used to calculate the percentage success the student pilot 

believes they have achieved with the technology; the score is then compared with the post 

flight assessment completed by the instructor, see Appendix T.  The confidence rating is the 

result of the comparison analysis between the two assessment scores; if the confidence rating 

is low, discussions between the instructor and student pilot are required to clarify why there is 

such a high disparity in subjective opinions on the aspects of understanding of the mission to 

the respective student pilot’s views, along with confidence rating based on the comparison.  

Further detail on the behaviour of the assessment is found in Volume I, Chapter 7.14.2.  

 
Figure V 2 Behaviour of Obtain Pilot Self-Assessment of Mission Use Case 

The ‘Pilot Success Evaluation’ reference sequence diagram is described in Figure V 3.  The 

student answers obtained from the ‘PilotSuccessEval’ database file in the Student_Pilots 

directory for the respective mission scenario is converted to integer values that is used to 

calculate the percentage success of the mission according to the feedback data.  The data will 

be plotted using triangular distribution to match the goal modelling stage.  These plots are 

used to analyse aspect of the mission: from the pre-mission brief to technology specific 

characteristics to the realism of flight.  Any distribution where the mean is less than half way 

from minimum to maximum identifies a cause for concern and further analysis involving the 

student pilot is needed to clarify exactly what the issues are with using the technology for 

attaining the relevant K&S.  The peak score is converted to a percentage value to assist in 

reading the results.  Further information regarding this assessment is found in Volume I, 

Chapter 7.14.3. 
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Figure V 3 Behaviour of Obtain Pilot Success Evaluation Use Case 
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Assessment Form 8 Student Pilot Post Flight Self-Assessment
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Assessment Form 9 Pilot Success Evaluation Questionnaire 
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The ‘Mission Operability’ reference sequence diagram behaviour, described in Figure V 4, is 

a simple assessment involving just two questions to provide the student pilots view of 

technologies effectiveness in execution of the planned mission.  The quantitative answers are 

converted to integer values that are used to calculate the percentage MO.  Grades <50% 

invites further clarification by investigating the answers of the completed forms or by 

interviewing the respective student pilot for further details.  The assessment is discussed in 

more detail in Volume I, Chapter 7.14.4. 

 
Figure V 4 Obtain Mission Operability Assessment Use Case 
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Assessment Form 10 Mission Operability Assessment Questionnaire 
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The ‘After Execution Assessment’ reference sequence diagram, described in Figure V 5, 

involves paper based flow chart grading assessments visualised in Assessment Form 11 - 16 

with a detailed technology assessment, shown in Assessment Form 17, concerning the 

ergonomics and design of the training technology to produce un-invasive opinions on the use 

of technology for gaining K&S for ToT.  The results can also be compared to actual 

performance results to give an indication to the decision maker whether a student pilot is 

struggling with certain aspects of the chosen training technology to complete mission tasks.  

The paper based questionnaires data are inputted into a database file stored within the 

Student_Pilot directory, which is then used to calculate the percentage assessment score that 

is presented to the decision maker.  The simulator configuration assessment is used to 

calculate the mean value along with the maximum and minimum value for each category.  

The location of the mean on the triangular plots is important: each one might determine the 

unsuitability of the technology or under-confidence in using the technology that is affecting 

student pilot performance.  Once the data is accepted, the information is stored in the main 

student database file, see Figure V 1, and the workflow process is complete.  All the data 

completed can be used for further assessment for each student pilot; further details can be 

found in Volume I, Chapter 7.14.5. 

 
Figure V 5 Behaviour of Obtain After Execution Assessments Use Case 
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Assessment Form 11 After Execution 1 - Spatial Manipulation Rating Scale 
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Assessment Form 12 After Execution 2 - Workload Assessment Scale 

Pilot Workload

Was it possible to 
perform the task?

Improvement 
Manditory

NO
Major 

Deficiencies
Tasks Abandoned. Pilot unable to apply 

sufficient effort
10

Major 
Deficiencies

Extremely high workload.  No spare 
capacity. Serious doubts as to ability to 

maintain level of effort
9

Major 
Deficiencies

Very High Workload with almost no spare 
capacity.  Difficulty in maintaining level of 

effort

Major 
Deficiencies

Very Little spare capacity, But 
maintenance of effort in the primary tasks 

not in question
7

Was the Workload 
Tolerable for the 

Task?

Deficiencies require 
Improvement

NO

YES

Very 
Objectionable 
but tolerable 
deficiencies

Little spare capacity; Level of effort allows 
little attention to additional tasks

6

Moderately 
Objectionable 

Deficiences

Reduced spare capacity; Additional tasks 
cannot be given the desired amount of 

attention
5

Minor but 
annoying 

Deficiencies

Insufficient spare capacity for easy 
attention to additional tasks

4

Was Workload 
satisfactory without 

reduction?

Deficiencies 
Warrant 

Improvement
NO

Fair, Some 
Mildly 

unpleasant 
Deficiencies

Enough Spare capacity for all desirable 
additional tasks

3

Good, 
Negligible 

Deficiencies
Workload low 2

Excellent, 
Highly 

Desirable
Workload insignificant 1

YES

YES

8

Name of Pilot:__________________

Mission Scenario Ref:__________________
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Assessment Form 13 After Execution 3 - Situation Awareness Rating Scale (Amended from Howarth-Newman) 

Pilot Situational 
Awareness

Was it possible to 
perform the task with 

respect to your SA

Improvement 
Manditory

NO
Major 

Deficiencies
No Situational Awareness at all;  All 

important aspects were out of my control
10

Major 
Deficiencies

My Situational awareness was extremely 
low.  Almost all important were out of my 

control
9

Major 
Deficiencies

My SA was very low.  Most important 
aspects were out of my control

Major 
Deficiencies

My Situational Awareness was very low.  
About half of the important aspects were 

out of my control
7

Was you level of SA 
on an acceptable 

level?

Deficiencies require 
Improvement

NO

YES

Very 
Objectionable 
but tolerable 
deficiencies

My Situational Awareness was low.  A lot 
of important aspects were out of my 

control
6

Moderately 
Objectionable 

Deficiences

My Situational Awareness was reduced.  
Some important aspects were out of my 

control
5

Minor but 
annoying 

Deficiencies

My Situational awareness was sufficient. 
A few important aspects were out of my 

control
4

Was your SA on 
a satisfactory 

level?

Deficiencies 
Warrant 

Improvement
NO

Fair, Some 
Mildly 

unpleasant 
Deficiencies

My Situational Awareness included all 
aspects of importance (neither more nor 

less) of the dynamic situation
3

Good, 
Negligible 

Deficiencies

My Situational Awareness included all 
aspects of important and some aspects of 

others in the dynamic situation
2

Excellent, 
Highly 

Desirable

My Situational Awareness included all 
aspects of important as well as other 

aspects of the dynamic situation
1

YES

YES

8

Name of Pilot:__________________

Mission Scenario Ref:__________________
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Assessment Form 14 After Execution 4 - Display Configuration Rating Scale 

Pilot Decisions

Is the Display 
information easily 

acquired

Improvement 
Manditory

NO

Major 
Deficiencies

Display missing critical information, 
operator unable to locate essential 

information, or retrieval time makes 
information irrelevant, Buttonology does 

not match classroom training, switchology 
does not match real world aircraft.  

Mission Will fail.

10

Major 
Deficiencies

Display does not support perception, 
situational awareness, interaction or 

direct manipulation.  Pilot must derive 
critical information relationships

8

Major 
Deficiencies

Display overhead excessive.  Multi-
layered search is required for basic 

analysis.  Display navigation requires 
pilots complete attention for filtering 

relevant information

Major 
Deficiency

Display(s) do not clearly or rapidly depict 
changes in critical information that is 

required for analysis
6

Is the depicted 
display what is 

needed to assess 
and analyse the 

situation

Deficiencies require 
Improvement

NO

YES

Very 
Objectionable 

deficiencies

Display(s) do not predict decision 
consequences; Display information too 
compact and response time insufficient

5

Moderately 
Objectionable 

Deficiences

Display(s) do not identify alternative 
decisions or courses of action; response 
time delays pilots behaviour to events

4

Minor but 
tolerable 

Deficiencies

Automated assistance or display 
visualisation facilitates enhanced human 
decision making.  Occasionally requires 

additional focus ot time to acquire 
important information

3

Is decision making 
made easier with the 

display(s) 
configuration

Deficiencies 
Warrant 

Improvement

NO

Good with 
Negligible 

deficiencies

Very minor issues not hindering 
performance;  Preferences can be edited 
to suit pilot; Information presented in an 

acceptable manner

2

Excellent, 
Highly 

desirable

Pilot not compensating for desired tasks; 
critical information presented that is 

easily used for decision making; no delay 
response to events

1

YES

YES

7

Major 
Deficiencies

Information visualization or automated 
alerts dail to direct pilots attention in a 

timely manner.  Dificiencies cause 
degraded human and system 

performance that threatens mission 
success.  Switchology layoutsa differ from 

real world aircraft

9

Display is Accepable

Name of Pilot:__________________

Mission Scenario Ref:__________________
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Assessment Form 15 After Execution 5 - Readability of Display Rating Scale (Amended from Howarth-Newman) 

 

Pilot Decisions

Is Parameter 
Readable?

Improvement 
Manditory

NO
Major 

Deficiencies
Symbology Cannot be Used for Required 

Operation
10

Major 
Deficiencies

Intense Pilot Compensation is required to 
interpret symbology

9

Major 
Deficiencies

Considerable Pilot compensation is 
required to interpret symbology

Major 
Deficiencies

Adequate Performance not attainable 
with maximum tolerable pilot workload.  

Readability not in question
7

Is Parameter 
Readable?

Deficiencies require 
Improvement

NO

YES

Very 
Objectionable 
but tolerable 
deficiencies

Adequate performance requires extensive 
pilot compensation

6

Moderately 
Objectionable 

Deficiences

Adequate performance requires 
moderate pilot compensation

5

Minor but 
annoying 

Deficiencies

Desired performance requires moderate 
pilot compensation

4

Is Parameter 
Readable?

Deficiencies 
Warrant 

Improvement
NO

Fair, Some 
Mildly 

unpleasant 
Deficiencies

Minimal Pilot Compensation required for 
desired performance

3

Good, 
Negligible 

Deficiencies

Pilot compensation Not a factor for 
desired performance

2

Excellent, 
Highly 

Desirable

Pilot Compensation Not a factor for 
desired performance

1

YES

YES

8

Name of Pilot:__________________

Mission Scenario Ref:__________________
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Assessment Form 16 After Execution 6 - Operational Impact of Technology Configuration Rating Scale 
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Figure V 6 Criteria for Flight Operability Rating Scale.  
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Assessment Form 17 After Execution 7 - Simulator Configuration Objective Assessment 
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APPENDIX W PHD PAPERS & ABSTRACTS 

This appendix list a sub-set of published and one soon to be published papers with regards to 

the research areas covered for the PhD project.  Other technical papers can be viewed on 

Research Gate website in relation to: digital communication, power-line communications, 

and smart vehicle communication systems. 

Title:  

Holden, T., Dickerson, C.E., Siyuan, J., “A Diesel Engine Power Train Model for Conceptual 

Vehicle Architecture for Analysis of Emissions in Transient Drive Cycles”, 2015. (Pending 

Review Process) 

Abstract: 

Due to the increasing complexity of the system of systems comprising automotive and 

aerospace vehicles, architecture modelling and analysis is becoming progressively more 

important to systems engineering and design. Conceptual Vehicle Architecture provides 

a rigorous basis and traceability for agile analysis and design of complex systems, in 

which system level models, analytics and simulations typically do not exist. The 

architecture also supports distributed and networked simulation of system of systems 

comprising the vehicle. In the case of a diesel engine, there exists a number of disparate 

fidelity system models, analytics and simulations but no coherent combination of models 

to support end-to-end analysis of the emissions problem in ‘transient’ drive cycles. This 

paper introduces a conceptual vehicle model for the diesel engine power train as part of a 

diesel vehicle architecture integrated with a relational framework that provides high level 

system description for representing models for use in distributed simulations directed at 

full vehicle virtual design and analysis. 

Title:  

Holden, T., Dickerson, C.E., Luff, R., “Preliminary Report: A Proposed Model Based 

Systems Engineering Approach To A Virtual Vehicle Architecture Model (V2AM) For Live-

Virtual Testing and Prototyping", IEEE 17
th

 International Symposium on Object-and-

component-oriented Real-Time Distributed Computing, Reno, NV, USA, 10-12 June, 2014.  

Abstract:  

Due to the increasing complexity of the system of systems within the aero-auto domains, 

architecture modelling and analysis is becoming progressively more important to systems 

engineering design. The drive from both domains is for more functionality and efficiency 

from vehicles. The resultant effect on system development means the complexity of the 
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designs has increased and thus the complexity of the virtual simulations used for test and 

analysis has also increased. When actual systems or their components are integrated with 

the simulation environment, live-virtual testing places real-time demands on the testing 

of the architecture and environment. This paper describes a proposed innovative 

approach, derived from aerospace engineering, where the vehicle requirements are 

allocated to relations between the elements in the architecture and not just to system 

elements. An approach to using the relational oriented modelling structure for test and 

analysis is also described. The requirements and system architecture models specified 

using relational orientation are therefore seen to provide an early demonstration of a 

rigorous new approach to system of systems design, test and analysis that uses 

requirements traceability at the architecture level.  This approach promises to bring better 

traceability of system requirements to the simulation of vehicle behaviour in general and 

to real time behaviour in particular. 

Title:  

Holden, T., Dickerson, C.E., “Relation Oriented Systems Engineering Framework for Flight 

Training", The Art and Science of Using Live-Virtual-Constructive Simulations for Analysis", 

Journal for Defense Modeling and Simulation, 2013.   

Abstract:  

The integration of systems of systems associated with a flight training mission directly 

reflects the problem of developing a system engineering process for the design of LVC 

experiments. Due to the complexity and disparity of technology in a flight training 

system of systems (FTSoS) modelling and analysis of architecture is becoming 

increasingly important. Relational Oriented Systems Engineering (ROSE) methodology 

is used to develop a framework for simulation and analysis of a navigational system of 

systems for a typical aircraft. The framework can be used for both prescription of 

navigation systems entering and exiting the SoS and for analysis of pilot behaviour as 

navigation quality of service (QoS) changes. The rigorous repeatable method offered by 

the framework provides increased concordance between technical and human aspects of 

the FTSoS. ROSE offers a novel approach to developing a model based systems 

engineering (MBSE) process for simulation and analysis of this type of complex system 

of systems problem. 
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Title:  

Holden, T., Dickerson, C.E., “A ROSETTA Framework for Live / Synthetic Aviation Trade-

offs: Preliminary Report", 8th Annual International Conference on SoSE, 4th June, Wailea-

Makena, HI, USA, 2013. 

Abstract:  

In this paper a Relational Oriented Systems Engineering and Technology Trade-off 

Analysis (ROSETTA) framework is introduced for performing technology trade-off and 

design studies with respect to the live, virtual and constructive mixes for aircrew training.  

This novel, efficient and model driven repeatable approach to the present and future 

problem of live / synthetic mixes on-board a real aircraft concentrates on relationships 

between elements in models to support capability based decisions. The methodology 

described provides a framework and factorization of a family of systems (FoS) 

architecture for tactical situation/mission scenario and evaluation of pilot response 

models.  ROSETTA provides a more rigorous mathematical framework for conducting 

decision support and advances current model based systems engineering (MBSE) process 

for simulation and analysis of a complex system of systems (SoS) problem. 

Title:  

Holden, T., & Dickerson, C.E., “Relation Orientation for Requirements Traceability in 

System Architecture", Internal Publication, Loughborough University, 2012 (Used to justify the 

case for the Program of Simulation Innovation Research Project) 

Abstract: 

Due to the increased complexity of a system of systems comprising an automotive 

vehicle, architecture modelling and analysis is becoming increasingly important to 

embedded systems engineering projects, especially for requirements engineering. In this 

paper, rigorous methods being developed in aerospace engineering based on relational 

orientation are applied to the requirements traceability problem in an elementary case 

study on a fuel monitoring system. In this innovative approach, requirements can be 

allocated to relations between components as well as directly to components based on 

considerations of the architecture and intended behaviour of the system. Requirements 

and system models specified using relational orientation support a rigorous approach to 

system analysis, design, and verification. 
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Title:  

Holden. T, & Dickerson, C.E., “Relation Orientation with Functional Decomposition for 

Analysis of Emergent Behaviour", IEEE Computer Architecture Letters, pp. 1-6, 2012.  In 

Systems Architecture Lectures, Loughborough University, 2012. 

Abstract: 

In legacy requirements traceability, functional decomposition is used for system 

partitioning into modular software components, each of which generally perform one 

function.  However the emergent behaviour of the system is determined from both 

internal operations and interoperations with other components that make up the system.  

System Architecture has been defined as the fundamental conception of a system in its 

environment embodied in elements, their relationships to each other and to the 

environment, and principles guiding system design and evolution.  Relational orientation 

is a viewpoint that can be used to bind software development and systems engineering by 

utilising graphical modelling languages.  Elicited requirements can be modelled and 

relationally transformed for traceability in system specification, analysis and design.  The 

specification of models associated with a system from a relational viewpoint has a 

natural compliance with the relational specification of system architecture.  When 

models are used to capture the requirements and expose relationships in this way, 

contribution of the emergent behaviour can be traced through the designed system 

architecture. 

Title:  

Holden.T, "Model driven Aviation Training Enterprise Architecture", Loughborough Internal 

Conference, Loughborough University, Hollywell Park, 2012. 

Abstract: 

Conventional engineering approaches to meet the challenges of System of System 

Engineering (SoSE) are generally document based, and labour and time intensive.  A 

flight training enterprise (FTE) is one example of the System of Systems (SoSE) 

technical problem.  The enterprise includes PC based training, ground simulators, 

training aircraft and a number of other subsystems for flight realism.  The technical 

problem of developing and assembling flight training SoS and the enablement of 

capabilities embodies the core challenges of SoSE.  Using Model Driven Architecture 

(MDA) techniques as specified by the Object Management Group (OMG), the research 

will generate a flight training open architecture for the integration and interoperation of 

the Hawk T.Mk2 advanced training jet.  The frameworks within the architecture will 

encompass the ability for reuse and the facilitation of real and virtual systems. 


