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What is MMT program ?

The Man Machine Teaming (MMT) project aims to

MMT Man
. prepare the artificial intelligence technologies
I\/I a Ch | n e needed for the combat aviation of the future. It

was officially launched on March 16, 2018

. MMT is an initiative financed by the French
Te a m I n g Industry of Defense (DGA) and managed by Thales
Program

and Dassault Aviation.

The aim is to create an industrial ecosystem that
will enable innovations to be detected, evaluated,
and, ultimately, matured and integrated into the
development of future combat aircraft.

TRL (Technology Readiness Level) 4



MOHICAN Project objectives

mm) Propose a method for evaluating the performance of the team
composed of a pilot and a virtual assistant (VA) in the cockpit of a
simulated combat aircraft, using trust and collaboration models
and metrics

* Create a trust and collaboration model

* Propose trust and collaboration metrics based on tangible virtual
prototypes

» Consider the operational context for the analysis of trust and
collaboration.

* Develop the VA system
* Perform human-in-the-loop simulations



The partner: Synapse Défense
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PRODEC methodology



Scenario-based design procedure
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PRODEC method

PRODEC is based on the HCD (Human-Centered Design) approach, combining

PROcedural experience of operations and DEClarative engineering methods.

« The role of PRODEC is to support the systematic emergence of declarative knowledge

about systems from procedural scenarios.

« PRODEC is based on scenarios :
* As-Is scenarios and To-Be scenarios

* Human-in-the-loop (HITL) simulations

=> PRODEC must be used iteratively



As-Is modelling

Objective: Describe the current process (as-is) : produce a procedural analysis
of tasks and a declarative analysis of structures and functions.

Step 1- Choose representative cases studies

Step 2 - Data collection from expert to understand the current case study
process, involving:
* |nterviews,

* Observations,

= Info collected: actors involved, tasks realized, tools and resources necessary,
temporal and spatial information.

— Several experts are interviewed



As-Is modelling

Step 3 - Modelling in the form of BPMN (Business Process Model and

Notation), cross - validation with expert - iteration.

« multi-agents and multi-level modeling

* Ingescape Circle

Step 4 - Functional analysis, cross - validation with expert - iteration

» Functions are attributed to the different agents
* Ontological approach to generalize functions
« Classification according to :

» Situation awareness level (Endsley, 1995): Situation Awareness
(SA), Decision Making (DM), Action Taking (AT)

« Rasmussen levels of functions (Rasmussen, 1983) : Skill -
based (S), Rule - based (R), Knowledge - based (K)
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To-Be modelling

Objective: Imagine scenarios of future operations (to be)

Step 1 - Function allocation, between the agents according to their abilities, experience,
work environment, difficulty of the task, and the resources needed to perform it, cross

validation with architect - iteration
» Based on the function type and required cognitive resources

Step 2 - BPMN modelling, creation of scenarios with different degrees of automation,

different situations (e.i. normal, abnormal and emergency), cross-validation with an HSI

architect = iteration

 Several concurrent scenarios are proposed and discussed for the simulations



Human-in-the-loop

Objective: study the behavior of users in front of a system in a
context of use, to detect its strong/weak points, the points to

improve and emergent functions.

 Several rounds of human-system testing with different scenarios
of increasing difficulty (normal, abnormal and emergency

situations).



MOHICAN Project
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Virtual Assistant

VIRTUAL ASSISTANT IMPROVEMENTS TO ENHANCE TRUST & COLLABORATION

JESTER JESTER + BASIC JESTER + ADVANCED

VIRTUAL ASSISTANT VIRTUAL ASSISTANT

(VO -15th may) (VO — 1st september)

(audio + text)

DATA COLLECTING TO INCREASE BASIC MEASURES AVAILABILITY FOR HMT KPIs

DCS DATA STREAMING
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TACVIEW DATA EXPORTS

EYE TRACKERS FULL DATA PACKAGE




Tools and metrics

Eye tracking glasses (Tobii): Activity analysis
* The Observer XT (Noldus): Video encoding
 Hear rate sensor

« Standardized scales: SUS, NASA-TLX, SART, Scale of trust in
Automated Systems.

 Performance mission metrics based on expert evaluation

- Evaluation grid: analysis of trust and collaboration criteria
(questionnaires, post-simulation interviews, objectives data)

* Pilot cognitive engagement index (or Pilot Load Index)
(Synapse algorithm): measures available context/situation
with the help of Heart rate monitor



Focus : Evaluation grid

Objectives :
 qualify the level of trust and collaboration for each interaction;
 Improve VA through an HCD approach.

Selection of evaluation criteria from the literature :

* Meaning, explicitness and terminology (ontology)
» Measurability (objective versus subjective measurements)
 Use case relevance

e |Influences over time

=> List of 9 criteria for analyzing the quality of each interaction: Effectiveness - Efficiency -
Reliability/robustness - Relevance - Transparency - Flexibility/adaptability - Quality of
feedback - Perceived lightening of the task - Absence of discomfort.



Focus : PILOT COGNITIVE
ENGAGEMENT INDEX

- Creation of an algorithm to model risk management based on objective
data such as flight data (e.i. too slow, too fast), Navigation data (e.i. fuel
compliance), context (threat distance) etc...

« correlation with heart rate measurements very promising.
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Review

 Scenario-based design - solid conceptual models :

« PRODEC method that supports Human Systems Integration (HSI)
» This method cannot be used without a deeper understanding of what HSI is about!
» HSI needs to be supported by an expert...

* Development of a model and metrics for trust and collaboration :

* Instant versus cumulative trust: gaining and losing trust

* subjective measures predominate in the model

 Taking into account the context through PILOT COGNITIVE ENGAGEMENT
INDEX :

» Can be used in real time
» Adapts trust and collaboration metrics over time

« Optimize VA development



Use case presentation



Your objective

Use the PRODEC METHOD for an air-air mission scenario :
e Define AS-IS model

* Functional analysis

* Define TO-BE model :
* Function allocation

» Suggest metrics to assess performance, teaming (trust, collaboration,
coordination, cohesion), situation awareness.

* Prepare a 10-minute speach to present your work on Friday morning (what
did you learn? What were your discussions and reflections?).



Air to air engagement principles

MISSIONS: A0/ 17 00 FTY 3200
* CAP: COMBAT AIR PATROL (AERA PROTECTION) =~ v : ‘,..é. a L
«  SWEEP (SUPPRESS OPPONENT FORCE) )\ < ! - T - »
e ESCORT (PROTECT FRIENDLY PACKAGE) e , — '
- C 5 J _\A "
. ALY .
DIFFERENT PHASES: £ 00
e OBSERVE THE AIR TO AIR PICTURE TO GET SITUATIONAL ! ,A\" 7 £ A
AWARENESS (SA) ON THE CURRENT AIR OPERATION, | ‘F '; ’ -
». - ) -
e CHECK OPPONENT SKILLS/INTENTS é ¥ S \ .' e
e SURVIVE : AVOID OPPONENT SHOTS & UPDATE PERMANENTLY =\ \‘\ 2 i\ ” A
YOUR SA (SENSORS) ' o e NN | . L3
e WAIT FOR OPPORTUNITY AND DO NOT CREATE OPPORTUNITY FOR - E \,\ —N ' o
X \ 3
THE OPPONENT o > \ o &) .y >
e SUPPRESS OR MOVE ASIDE OPPONENT FORCE — \ R Y = '
! - \ . w “.' ; -
TooLs: | W r &
*  RADAR (RDR) - N - Y £
* RADAR WARNING RECEIVER (RWR): SCAN, TRACK, ACQUIRE & _ 3 N .\\‘ v & utd EY
FIRE MODES (DEPENDING ON THE THREAT) S ‘ "'\L O
e OTHER SENSORS (LASER TRACKING, IR SENSOR...ETC.) D e s
i - . ’z : - '\’
e DATA LINK (L16) A .. \
- — >

*  ELECTRONIC COUNTER MEASURES -



Air to air scenario : AVOIDING THREAT ON RWR INDICATION

USE CASE DESCRIPTION :

* COALITION PACKAGE WITH DIFFERENTS ROLES (STRIKE & AIR TO AIR MISSIONS) => IN BETWEEN COORDINATION
* TACTICAL SITUATION WITH GROUND TO AIR & AIR TO AIR THREATS

* BLUE MEANS :
- STRIKER FORMATION : F14B (SUBJECT TO BE STUDIED)
- SWEEP FORMATION : GIVES AIR SUPERIORITY TO BLUE PACKAGE
- ESCORT FORMATION : ENSURES CLOSE PROTECTION OF F14B FORMATION

* TASKS :
- STRIKER: DESTROY C2 COMMAND POST IN THE DEEP ENNEMY AREA
- SWEEP: MAINTAIN OPPONENT FORCES ASIDE OF STRIKER'S VICINITY OR DESTROY THEM
- ESCORT : DESTROY ALL OPPONENT APPROACHING STRIKERS FORMATION



TARGET AREA
(MISSION OBJECTIVE)

GROUD TO AIR THREAT

F14B (HIGH VALUE)

Air to air scenario : AVOIDING THREAT ON RWR INDICATION

> GROUD TO AIR THREAT

BLUE PACKAGE




Air to air scenario : AVOIDING THREAT ON RWR INDICATION

FEW HIGH LEVEL TASKS IN
A/A MISSION:

* FLy

* NAVIGATE

* ACQUIRE SA

* ENAGEMENT DECISION

» ADAPT TRAJECTORY

* COMPUTE SOLUTIONS

* COMMUNICATE

* IMPLEMENT



Air to air scenario : AVOIDING THREAT ON RWR INDICATION

Tasks :

Listen to
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Observe
RWR

Events:

*Includes ECM

Build SA
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Identify Threat
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Threat assesst
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Coordination
achieved




	Diapositive 1  Use case : Air Combat System MOHICAN Project
	Diapositive 2 MMT Man Machine Teaming Program
	Diapositive 3 MOHICAN Project objectives
	Diapositive 4 The partner: Synapse Défense 
	Diapositive 5
	Diapositive 6 PRODEC methodology
	Diapositive 7 Scenario-based design procedure
	Diapositive 8 PRODEC method
	Diapositive 9 As-Is modelling
	Diapositive 10 As-Is modelling
	Diapositive 11 To-Be modelling
	Diapositive 12 Human-in-the-loop simulations
	Diapositive 13 MOHICAN Project
	Diapositive 14 Simulation 
	Diapositive 15 Virtual Assistant 
	Diapositive 16 Tools and metrics 
	Diapositive 17 Focus : Evaluation grid 
	Diapositive 18 Focus : PILOT COGNITIVE ENGAGEMENT INDEX
	Diapositive 19 Review
	Diapositive 20 Review
	Diapositive 21 Use case presentation 
	Diapositive 22 Your objective
	Diapositive 23 Air to air engagement principles
	Diapositive 24 Air to air scenario : AVOIDING THREAT ON RWR INDICATION
	Diapositive 25 Air to air scenario : AVOIDING THREAT ON RWR INDICATION
	Diapositive 26 Air to air scenario : AVOIDING THREAT ON RWR INDICATION
	Diapositive 27 Air to air scenario : AVOIDING THREAT ON RWR INDICATION

