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1 Introduction 

The objective of this public document “D 3.4a - Techniques and Tools for 

Adaptation Vs1.0 incl. Handbooks and Requirements Analysis Update” is to 
present the techniques and tools for adaptation, including context 

assessment, adaptation computation and communication/feedback. 

 
In this document, the section 2 presents a summary of the Adaptation 

Framework presented in deliverable D3.3. From a recall of the concept of 
automation, it presents some elements about cooperatives systems and 

characterizes the concept of adaptation;  
 
In section 3, we present elements of this Adaptation Framework for four 

selected use cases (UC): 
- UC1: Guided Patient Positioning (Section 3.1) 

- UC2: Diversion Airport (Section 3.2) 
- UC3: Border Control Room (Section3.3) 

- UC4: Overtaking including lane change assistant (Section 3.4) 
 

In the confidential document ”D 3.4b - Techniques and Tools for Adaptation 
Vs1.0 incl. Handbooks and Requirements Analysis Update”, the Section 2 

investigates how common solutions can be found for context assessment, 
adaptation computation and communication/feedback between the four use 

cases. In Section 3, the output of Task 3.6, we will show how the available 
modules developed in Task 3.3, 3.4 and 3.5  will be implemented within the 

different UC, the characteristics of the integration, the constraints and limits.  

The chapters on Test & Simulation and on Results will not be addressed in 

these documents but in its following versions. Section 4 gives some elements 

on future experimentations and perspectives and Section 5 gives a brief 
requirements analysis update that will have to be completed during the 

coming year of the project. 
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2 Summary of the Adaptation framework  

In this section, we provide a short summary of the content of D3.3 

"Framework for Adaptation", in particular on the aspects that will allow 

specifically characterizing each use case, in terms of context assessment, 
adaptation and communication. 

2.1 Levels of Automation 

 

The automation of a task can be realized on different levels, ranging from no 
automation at all (the human is in charge of all cognitive and physical 
processes) to full automation (the system is in charge of all cognitive and 

physical processes, ignoring the operator). 
 

These levels of automation can be characterized with scales, such as the 
well-known one below (Table 1). 

 
Level of 

Automation 
Description 

1 The computer offers no assistance: human does it all 

2 The computer offers a complete set of decision/action alternatives 

3 The computer narrows the selection down to a few 

4 The computer suggests one alternative 

5 The computer executes that suggestion if the human approves 

6 
The computer allows the human a restricted time to veto before automatic 

execution 

7 The computer executes automatically, then necessarily informs the human 

8 The computer informs the human only if asked 

9 The computer informs the human only if it, the computer, decides to 

10 The computer decides everything, acts autonomously, ignoring the human 

Table 1: Levels of automation (adapted from [1] Parasuraman & al, 2000 ) 

 

2.2 HoliDes paradigms for cooperative systems 

 
To ground the understanding of Adaptive Cooperative Systems (AdCoS), it is 

first important to determine what is meant by a Cooperative System. In 

HoliDes we mostly approach them in two ways. 
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2.2.1 The Assistance Paradigm for cooperative systems 

The assistance paradigm mostly aims at understanding on how one or more 
human agents are assisted by one or more machine agents in the completion 

of cognitive loops. In many assistance cases (assistance to the driver in the 

automotive domain), a single agent is assisted by one or more machine 

agents (e.g., FCW = Forward Collision Warning, OTA = Overtaking 
Assistant,...). 

 

The Figure 1 below shows a typical cognitive control loop. Many (if not all) 
tasks can be seen as requiring the completion on one or more such loops 
(e.g., controlling the trajectory of a car or an aircraft; the position of a 

patient in a MRI machine; the state of border area, requiring surveillance and 
intervention if needed). 

 
 

 

Figure 1 : Cognitive control loop 

 

The steps in the loop can be fully performed by a human agent (manual 
control), by one or more machine agents (fully automatic control), or by a 

combination of both (shared control) as shown in Figure 2. 
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Figure 2 : Assistance to a human agent  
in the performance of a control loop 

The steps can also be shared in a less monolithic way, with a finer grain, i.e., 
a step is performed cooperatively between the human agent and one or 

more machine agents that share the performance of that step with the 
human agent (Figure 3). For example, human perception can be assisted 

through data fusion from multiple sensors that assess aspects that are barely 

perceivable by humans (e.g., infrared detection of human pedestrians). 

Evaluation can be assisted through augmentation (i.e., augmented reality), 
with data that is superimposed on the visual field, such as warnings, time to 

collision,... Decision-making can be assisted through recommendations or 
directives provided by automation (e.g., trajectory injunctions in aircraft 

provided by the collision avoidance system, TCAS). Action planning can be 

assisted through the provision by automation of action plans that can be 

accepted; rejected or altered (e.g., diversion plans in aviation). And finally 

action implementation can be assisted through for example automatic 

verification of the actions and their consequences (e.g., envelope protections 

in aircraft). All these cases correspond to various types of assistance and 
task sharing between a human agent and one or more assistive machine 

agents. 
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Figure 3 : Finer grain assistance to the human agent  

in the performance of a control loop 

 

2.2.2 The Human-Machine System Paradigm for cooperative systems 

The Human-Machine System paradigm does not particularly focus on the 

notion of assistance, nor the completion of cognitive loops by human agents 

assisted by a series of machine agents. 
 

This paradigm sees a cooperative system as a set of human and machine 
agents jointly involved in the completion of a series of tasks, using specific 

resources available to them (Figure 4). The tasks shared within the 
cooperative system apply on one or more external objects under control 

(e.g., a vehicle; some kind of traffic,...) and this is achieved within some 
environment (that may influence the behavior of the cooperative system or 

interfere with the objects under control, e.g., slippery road). 
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Figure 4 : Cooperative System (CoS) 

2.3 Adaptation 

 
In this section we will describe what we mean by adaptation and how it 

applies on or within Adaptive Cooperative Systems (AdCoS). 

2.3.1 Definition of Adaptation 

Adaptation is a response to environmental conditions: the process of 

adjustment to given (internal or external) conditions. It refers to any change 

in the structure or function of an entity (biological organism or a software 

system) that allows it to act more effectively, efficiently and successfully in 
its environment ([2] Keller & Lloyd, 1992). 
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Environment

Context
Assessment

Communication/
Feedback

Adaptation  
computation

 
 

Figure 5 : Adaptation 
In HoliDes, we study adaptation through Context Assessment, Adaptation 

Computation and Communication/Feedback ( 
Figure 5). 

2.3.2 Adaptability vs adaptiveness 

 

In HoliDes, we also make a distinction between two types of adaptation, 
based on the nature of the agent(s) triggering and controlling the 

adaptation. 

 

Adaptability: there is adaptability when the human agent(s) who benefit 
the adaptation are themselves triggering the adaptation (e.g., a human user 

adjusts the luminosity of a display because the general level of illumination 

in the room has changed)  
 

Adaptiveness: there is adaptiveness when the adaptation is triggered and 

controlled by machine agents, without any intervention of human agents 
(e.g., a display self-adapts to level of illumination in the room). 
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Adaptability and adaptiveness represent two extremes on the adaptation 
continuum. Intermediary values exist when the adaptation is triggered and 
controlled by a mix of human and machine agents.  

2.3.3 What, why, how, who 

 

HoliDes is guided by four main questions concerning adaptation: What, Why, 

How and Who. 

2.3.3.1 What 

 

The "What" concerns the object(s) of adaptation: what is adapted within the 

AdCos? Tasks can be terminated or added, task and function allocation can 
be altered, new agents can be involved, information content and 

presentation (user interfaces), resources can be reallocated, added or 

Figure 6: Adaptability and adaptiveness 
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withdrawn. The example below show how task allocation - or distribution - 

can be modified. 
 

 

Figure 7 : Adaptation of task distribution 

 

Adaptation of task distribution involves modifying the task distribution 
between the agents in the AdCos. In the Figure 7 above, the level of 

assistance provided by a human agent (H) by one or more assistant agents 
(A) is modified, independently for each of the steps of the cognitive loop. 

 
Several strategies can be used to govern task allocation between human and 

machine agents. For example: 
 

 MABA-MABA list (“men-are-best-at-machines-are-best-at”): This is the 

oldest and most static task allocation strategy. The tasks are assigned 

between the human and machine agents based on their respective 

competences (independently of their current state).  

 Leftover: This static strategy consists in automating as many functions 

or tasks as possible. 

 Economic: This is a dynamic task allocation strategy that considers 

both the static competences of the agents and by their current 

capabilities (dependent on their current state). 

Designing task distribution mechanisms within an AdCoS involves choosing 

or designing such strategies. It also needs to consider the possible problems 
induced by task automation: 
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 reduction of situation and system awareness and the infamous "out of 

the loop problem". 

 increase in mode errors 

 altered trust in human-machine systems (and in particular in 

automation), with the installation of inadequate complacency towards 

automated systems and the risk of decreased user acceptance 

 skill degradation 

 unbalanced mental workload 

 performance degradation (induced by the combination of all the above) 

2.3.3.2 Why 

 

The "Why" concerns the reasons of the adaptation: why is an adaptation 
triggered? This determined by measuring, interpreting and/or predicting the 

internal context (e.g. the status of the human operators, or automated 
systems) and external context (e.g. changes in the number of objects under 

surveillance). The "Why" also concerns some goals that need to be achieved 
(typically maintaining some invariants).  

2.3.3.3 How 

 
The "How" concerns how the adaptation is performed: simple predefined 
connections between internal and external context and respective 

reconfigurations, or more sophisticated dynamic optimization of tasks and 
resources. The main drivers behind the “How” are safety, robustness, 

resilience and efficiency.  

2.3.3.4 Who 

 

The "Who" concerns the agents responsible for the triggering of the 

adaptation and of the performance of the adaptation itself (context 
assessment, decision making and communication/feedback). Adaptation can 

be performed by one or more human operators, by one or more machine 

agents or by both (acting cooperatively).  
 

This relates to the notion of adaptability vs adaptiveness presented above 

(see 2.3.2). 
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2.3.4 Characterizing use cases 

 

To characterize the use cases, we are now going to propose two graphical 

depictions that attempt to capture their peculiarities and better 
understanding their similarities and differences. This will be of use when 

assessing their context, adaptation and communication specificities. 

2.3.4.1 "What" 

 
The first formalism aims at identifying the "What" of the adaptation, i.e., the 

elements of the AdCos that are altered when adaptation occurs (Figure 8). 

 

 

Figure 8 : Characterizing the "What" 

 

To characterize a use case, one simply highlights or selects the arrows that 
represent the object(s) of adaptation in the use case. In the example below 

(Figure 9), adaptation applies to the task distribution between the AdCos 

agents and to the user interfaces used by the human agents. 
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Figure 9 : Adaptation of task allocation and of the user interface 

2.3.4.2 "What", "Who" and "How" 

 

The second graphical formalism developed for characterizing the use cases 
aims at going further, and provide information on the "What", but also the 

"Who" and the "How".  

 
It relies on the cognitive control loop sharing idea presented above and 

therefore applies better on cooperative systems characterized in the 

Assistance Paradigm. 
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Figure 10 : Adaptation in AdCos based on the Assistance Paradigm 

 
The Figure 10 separates the AdCos in two parts: 

 

- the CoS part: these are the set of agents (human and machine) that 
close a loop on some external object (e.g., a car, an aircraft, the 

position of a patient in a MRI device, the state of penetration of a 

border under surveillance). This is absolutely equivalent to Figure 3 
above. In particular, we see how the five cognitive loop steps are 

shared by the CoS agents (presumably some of them human, some 

machine). This CoS is in charge of achieving the task of performing the 

cognitive loop on the target object. To do this, the CoS uses resources, 
for perception (R1 in the figure) and for action implementation (R3 in 

the figure). 

- the Ad part: these are the set of agents (human and machine) 

involved in the adaptation. They therefore correspond to the "Who" of 
the adaptation. As can be seen in the figure, some agents can belong 
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to both the CoS and the Ad parts (yellow and blue agents in the 

figure). This means that some of the agents contribute to adaptation 
within the AdCos while others don't. In the extreme case of a fully self-

adaptive system, adaptation can be distributed amongst all CoS agents 

and therefore the same agents participate to the Ad and Cos parts. The 

Ad agents close a cognitive control loop on the CoS part. This means 
that they are taking information on the Cos (as well as the state of the 

object under control and the environment), evaluate that information 

make decisions, plan actions (on the CoS) and implement them. The 
actions on the CoS represent the adaptation. The task of the Ad part is 

therefore to close a cognitive control loop on the Cos part. To do this, 

the Ad agents use particular resources, for taking information and 
evaluating them (context assessment) (R1 in the figure) and for 

implementing the adaptive actions (communication/feedback) (AR1 in 
the figure). The formalism therefore allows indicating how the context 

is assessed and how adaptation is communicated (both through the 
use of dedicated resources). 

 

The Ad and Cos parts above allow specifying the "Who" of the adaptation 
process. To specify the "What", i.e., what is adapted, arrows can be used to 

point the elements of the CoS upon which the adaptation occurs. In the 

figure, adaptation applies on task distribution on the planning of actions 
(AP). That task is currently fully achieved by the "yellow" agent (presumably 
a human agent). Another agent can then provide assistance and contribute 

to that task and action planning will then be shared between the "yellow" 
agent and that second agent (for example the assistant agent proposes an 

action plan and the human agent approves, modifies, or rejects it). This 
change of task sharing - or distribution - is therefore an adaptation driven by 

the Ad part of the AdCoS. Labels should be placed on these communication 
arrows, to specify exactly what is adapted and how.  

 

The formalism also allows specifying interactions between the agents in the 

AdCos, depicted through arrows (directional or bi-directionals). Again, labels 

should be used to document the nature of the interactions. 

2.3.5 Complexity and certifiability 
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The adaptation - or adaptation computation - function plays a prominent role 

in the HoliDes adaptation framework. Various classes of such functions exist 
and they differ in terms of complexity and certifiability: 

 

The adaption function is thus about the following: 

 
     context change  adaptation of some aspects of the Cos 

 

HoliDes distinguished three main classes of complexity for that function: 

2.3.5.1 Deterministic adaptation 

Deterministic adaptation is for example based on: 
 look-up tables 

 fully deterministic rule-based systems 

2.3.5.2 Non deterministic adaptation, but with some levels of 

predictability and the possibility to certify things 

For example: 
 probabilistic or stochastic rule-based systems (e.g., Bayesian 

networks, Markov models).  

2.3.5.3 Non deterministic adaptation, but with not enough 

predictability and impossibility to certify 

For example: 
 neural networks (NN)  

 genetic algorithms (GA)  
 genetic regulatory networks (GRN)  

 

The less determinism, the harder it is to certify. Thus the first class of 
functions is certifiable, the second in some cases only and the third class is 

not. 
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3 Context of Use Cases  

 

3.1 UC1, Guided patient positioning  

3.1.1 Use case characterization  

 

Figure 11 : AdCoS characterization for Guided patient positioning (Health) 
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UC1 is the Health use case, Guided patient positioning 

 
In the Guided patient positioning use case, assistance is provided to an 

operator aiming at safely positioning a patient in an MRI device for medical 

examination purposes. 

3.1.1.1 CoS part 

 

The CoS is made of: 

- the operator 
- an assistant system that displays the patient positioning procedure 

 
The operator and the assistant system work together on a single object: 

the patient and his/her position in the MRI device. They do so in an 
environment that consists of the MRI examination room. 
 

Figure 11 shows how the different steps in the cognitive control loop are 
shared between the CoS agents: the operator is solely in charge of the 

control loop, except for the action planning (AP) step. This means that the 
operator fully positions the patient, but with assistance from the assistant 

system for planning the minute actions to be performed. The assistant 
system provides the procedure to apply. The AP step is shared by the 

operator and the assistant system (human-machine task distribution). 
 

The operator takes information on the patient and his/her position through 
natural perceptive resources: directly, through direct visual perception. The 

operator acts on the patient and his/her position through some actuating 
resources that are part of the MRI device. 

 

Additional information can be provided to the assistant system, such as the 

characteristics of the patient (e.g., height, weight, etc.) and the nature of 

the examination in order to display the appropriate procedure. 

3.1.1.2 Ad part 

 

The Ad part is the set of agents responsible for the adaptation. 

 
In the Guided patient positioning use case, a single machine agent performs 

the adaptation: a learning agent processes human activities logs and learns 
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how to adapt the procedure and its presentation to the operator. Adaptation 

in this use case is therefore on the procedure (AP step in the CoS loop) and 
on the user interface (UI) that presents that procedure. 

 

The learning system proceeds to context assessment via analysis of the 

human activities logs and the detection of abnormal procedures. Adaptation 
computation is then performed, under the form of specific learning 

algorithms, to modify the procedure for patient positioning. Communication 

of adaptation is then directly passed (through electronic means) to the 
assistant system (in the CoS) so that it modifies the content and 

presentation of the procedure accordingly. 

3.1.2 Use cases illustration from “Context Assessment” point of view 

The overall context is provided by the examination planned for the patient. 

 
This determines the orientation of the patient (head or feet first, for 

instance), the coils needed (a knee examination is best performed using a 
specific knee coil, for instance) and any extra sensors required, such as 
respiratory sensors for respiratory synchronisation when needed. 

 

The context can be decomposed as follows in Table 2 along with the sources 
of the information. 

 

Context information Source 

Specific Patient 

characteristics 

Typed into the MR system, and might be 

derived from the Radiology Information 
System (RIS) which can be connected to 

the EHR 

General patient 

characteristics 

Observed by the operator (posture, 

physical condition, etc.) 

Clinical request ExamCard 

Required RF coils and 

physiology sensors 

ExamCard 

Required patient 

positioning 

ExamCard 

Table 2 : Context elements for the Guided patient positioning AdCoS 
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It follows that the context assessment system must be able to draw 

information from the systems listed as sources in Table 2. 
 

The ExamCard properties that the operator should communicate with the 

patient about (depending on his/her condition) are: examination direction, 

breath hold instructions, contrasts injection, etc.) 
 

The specific context of the positioning procedure regards the state of 

peripherals mounted and the physical configuration of the MR scanner. 
 

This information is provided by the MR system, especially about coils and 

sensors that have been mounted (or not, as the case may be). 
 

The relationship is illustrated in Figure 12. 
 

 

Figure 12 : The two primary sources of context information for the Guided 
patient positioning AdCoS 
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3.1.3 Use cases illustration from “Adaptation” point of view 

The system already in the present state of development includes transparent 
adaptive algorithms, mostly based on fall-back procedures. This for instance 

means that if a specific coil (say, a knee coil) has not been mounted, the 

system will allow continuing with the scan using the built-in generic coil. 

 
Adaptation in the UI of the guidance system is obtained by modifying the 

graphical representation of the positioning steps according to the 

requirements of the examination as obtained from the overall context 
information. 

3.1.4 Use cases illustration from “Communication” point of view 

The communication of the adaptivity in the system is achieved through the 
guidance display. 

 
The display will be re-configured automatically to show the relevant steps of 

the positioning procedure, which includes information to give to the patient. 
 

Guidance derived from the 

overall context information

Contrast scan - injection needed

Number of high SAR scans i 3

The examination requires a 
breath hold scan

Guidance derived from the 

specific context information

Recommended coil is not connected

VCG sensors still need to be connected

Recommended coil

Respiratory sensors still need to be 
connected  

Figure 13 : A display showing the guidance given to the operator 
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Figure 13 shows an example of a display that has been re-configured to 

communicate the structure of the guidance procedure based on the context 
information. 

 

From the overall context information, the necessary steps of the procedure 

are shown: 
 

 An injection is needed as the examination includes a contrast scan 

 The number of high SAR (RF energy deposited in the tissue) scans is 
three 

 The examination requires a breath hold scan, for which special 

instructions to the patient are needed 
 

From the specific context information, the progress of the positioning is 
monitored, and the advice on next steps are given – in this case to connect 

the coil and VCG and respiratory sensors. 
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3.2 UC2 , Diversion Airport 

3.2.1 Use case characterization 
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Physio
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FMS UI
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FMS
UI

ND/VD UI

ND/VD UI

 

Figure 14 : AdCos characterization for UC2 (aeronautics) 

 

UC2 is the Aeronautics use case, Diversion Airport. 
 

In UC2, Diversion Airport, assistance is provided to the pilot through the 

DIVA (DIVersion Assistant) system. DIVA helps the pilot by providing 
tentative diversion flight plans (F-PLN) when a diversion is needed. 
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3.2.1.1 CoS part 

 

The CoS is made of: 
- the pilot 

- a pilot monitoring system 

- a procedure monitoring system 
- the DIVA assistant system 

 

All of them work together on a single object: the F-PLN (and in this case the 
diversion F-PLN). They do so in the environment in which the aircraft (and 

the AdCoS) operates, which is the weather environment, the radio-
navigation systems, Air Traffic Control (ATC),... 

 
Figure 14 shows how the different steps in the cognitive control loop are 
shared between the CoS agents: the pilot is solely in charge of the three 

steps (perception, evaluation and decision-making on the F-PLN) and is 
assisted by the DIVA agent (task sharing) for the action planning (AP) and 

action implementation (AI) steps.  
 

The three machine agents in the CoS, the pilot monitoring system, the 

procedure monitoring system and the DIVA system interact: for example the 

pilot monitoring system feeds data in the procedure monitoring system, to 
ensure the pilot is indeed correctly following the intended procedures. DIVA 

is also informed of the state of the pilot (by the pilot monitoring system) and 
the current procedure and quality of procedure following (by the procedure 

following system). 
 

The pilot takes information on the F-PLN through user interfaces (UI) 

resources: the Navigation Display/Vertical Display (ND/VD) UI and the Flight 

Management System (FMS) UI. The pilot acts on the F-PLN through the FMS 

UI. The pilot also receive assistance thus from the DIVA system through the 
DIVA UI. That assistance is provided at the level of the Action Planning (AP) 

cognitive step: the pilot has to plan a new diversion plan and a tentative one 

is provided by DIVA. 

3.2.1.2 Ad part 

 

The Ad part is the set of agents responsible for the adaptation. 
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In UC2, three machine agents contribute to the adaptation: the pilot 

monitoring system, the procedure monitoring system and the DIVA system. 
 

The pilot monitoring and procedure monitoring systems proceed to context 

assessment through three main resources: physiological state measurement, 

cameras in the cockpit and an eye tracking system. 
 

That information is then passed to DIVA for adaptation computation. 

Communication of the adaptation is then directly passed (through electronic 
means, with no specific communication resources) to the DIVA UI. 

 

3.2.2 Use cases illustration from “Context Assessment” point of view 

The internal context that the AdCoS has to evaluate to decide adaptation 

comprehends the following items: 
 

 Aircraft performance: based on engine status, system status, FMS, the 
assistant will evaluate the operational capability of the aircraft to 
present the appropriate diversion airport. The major variables will be 

the distance that the aircraft can still fly and the maneuverability, 

which may disallow certain runways 
 Pilot workload: the current task procedure may affect the way options 

are displayed to the pilot. If there is a severe emergency, the pilot has 
to focus the attention on the safety critical tasks. 

 

As external context, several elements are considered: 
 Weather: weather conditions may reduce or increase the aircraft 

autonomy or the areas that can be flown    

 NOTAM: approximately the same applies to notices of potential 

hazards, restrictions, etc. 
 Ambient conditions: like light in the cockpit, but only for the way that 

information is displayed to the pilot  

3.2.3 Use cases illustration from “Adaptation” point of view 

There are two types of adaptation in this UC: 

 
1. Display adaptation: the EFB will change the way information is 

displayed based on environmental conditions and pilot workload and 
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state. The changes may mean that the information is more or less 

verbose, the use of special icons as warnings, other graphics to 
simplify or convey extra information about airports and, obviously, 

the contrast and brightness of the display 

 

2. Changes in the list of diversion options: this is the main 
functionality covered by the application that runs on the EFB. As per 

regulatory bodies, the only way that the application can influence 

the aircraft is by showing information to the pilot, therefore the 
adaptation is limited. The pilot may use the list to make decisions 

about a new airport, but after that he/she must confirm the new 

route with ATC. 
 

3.2.4 Use cases illustration from “Communication” point of view 

Communication is restricted to the EFB, which is a standard tablet in a 

holder. The pilot is not holding the tablet in his hands the majority of the 
time, which prevents haptic communication channels. 
 

For the use case, the way to communicate adaption to the pilot will be: 

- In case of display changes, there is no need to communicate 
adaptation, as it is either immediately visible, or it is not relevant for 

the operation of the aircraft 
- For diversion assistant: the important goal is to assist the pilot in the 

decision making. Therefore, suggested destinations should be 

explained adequately, as well as wrong decisions (mistakes) avoided. 
The mistakes could happen when the pilot thinks that he has a better 

solution for the emergency, with regards to the optimal destination, 

but such destination has been discarded by the assistant due to not so 

obvious reasons. In this situation, the application should not only 
display the suggested airports, but also the rejected ones and the 

reasons (NOTAM alerts of erection of obstacles or weather prevents 

aircrafts from landing) 

 

The communication channels, bearing into mind that interaction with aircraft 
controls and instrumentation is precluded, are: 

- Visual: this will be the main channel, as the pilot has to read the list 

and can also be presented with extra information about the adaptation 
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and how it occurred. Research will decide which are the most 

convenient ways to display all the information about emergency, other 
context and the reasons to select or discard airport options 

 

- Auditive: the level of environmental noise can be very high, and 

communication should not rely on this channel as important messages 
may be missed. Nevertheless, it may be convenient to alert of some 

changes in the list, and it does not imply a high level of complexity. 

 

3.3 UC3, Border Control Room 

3.3.1 Use case characterization 
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Figure 15 : AdCos characterization for UC3 (Border Control Room) 
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UC3 is the Border Control Room use case, concerned in particular with the 

Sector Headquarter Control Room sector, and within it, the Surveillance 
capabilities (at the moment the Response capabilities are not concerned by 

the AdCos). 

 

In UC3, assistance is provided to the surveillance operators/supervisor 
through the Adaptation Assistant Modules (AAM).  AAM helps the 

operators/supervisor by providing several supports in task or task allocation 

when border surveillance efficiency is needed. 

3.3.1.1 CoS part 

 
The CoS (SHQ Control Room) is made of: 

- several Surveillance operators 
- one Surveillance Supervisor 
- one Operation Officer (not part of the system presented above as not 

involved in the UC) 
- The Command & Control (C2) Information system, including sensors 

(Radars and Cameras) and Common Operational Picture (COP) display. 
 

All of them work together on a single object: the border and its security. 
They do so in the environment in which the Command & Control (C2) 

Information system (and the AdCoS) operates, which is the border 
environment, the human and non-human intruders,... The sub UCs 

encompass normal (no events, or no threat events) and critical situations 
(with threat event). 

 
The Figure 15 shows how the different steps in the cognitive control loop are 

shared between the CoS agents: the surveillance operator (SO) team is in 

charge of the two steps (perception, evaluation) by spotting and reporting 

targets, and classifying them with the help of the surveillance supervisor 

(SS) who is in charge of decision-making to alert the Operation Officer. They 
are assisted by the C2 system for Perception (P). SS is assisted by the C2 

system for the action planning (AP) and action implementation (AI) steps.  

 
The human and machine agents in the CoS, interact: for example the C2  

system provides alerts or recommendations, to ensure SO are indeed 

correctly following the intended procedures, in the correct order. The COP 
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proposes tailored display to the SO and SS to support the human operators’ 

situation awareness. 
 

The Surveillance Operators/ Supervisor take information on C2 through user 

interfaces (UI) resources: the Operators/Supervisor computers or the 

Common Operational Picture (COP). The Surveillance Operators/ Supervisor 
act through the C2 IU. As SO and SS are situated in the same room, face to 

face interactions are also possible between humans. 

3.3.1.2 Ad part 

 

The Ad part is the set of agents responsible for the adaptation. 
 

In UC3, Border Control Room, one set of machine agents, the Adaptation 
Assistant Modules (AAM), and the supervisor perform the adaptation. 
 

The Operator monitoring system proceeds to context assessment through 
two main resources: human segment motion measurement, and an eye 

tracking system. 
 

That information is then passed to the AAM system and the supervisor for 
adaptation computation. The AAM system detects inappropriate load 

balancing and automatically computes a new load balancing configuration. 
That configuration is then proposed to the supervisor who is then involved in 

deciding (decision making) if the configuration is fully appropriate or not. 
 

Communication of the adaptation is then directly passed (through electronic 
means) to the C2 UI, or to the operators with in some cases specific 

communication resources as mobile phones, kinesthetic bracelet. The 

supervisor is also involved in choosing how the information is communicated 

(action planning) and possibly in its implementation (direct verbal 

communication). 

3.3.2  Use cases illustration from “Context Assessment” point of view 

Context for adaptation in UC3, Border Control Room, mostly consists of the 

control room (Figure 16), the set of operators, their current task allocation 
and their current physical and mental state (including workload) as in Figure 

17. 

 



 

HoliDes 

Holistic Human Factors Design of 

Adaptive Cooperative Human-

Machine Systems 

 

 

13/02/2015 Named Distribution Only 

Proj. No: 332933 

Page 34 of 44 

 

 

Figure 16 : The control room in UC3 (Border Control Room) 

Each operator must thus be permanently monitored and characterized in 

physical and mental terms. 
 

 

Figure 17 : Physical and mental assessment of  
an operator in UC3 (Border Control Room) 

An important component of the permanent monitoring and characterization 
of the operators is the evaluation of their workload. The workload model 

used in UC3 is based on the number and criticality of tracks, operator 

experience and other factors. 

3.3.3 Use cases illustration from “Adaptation” point of view 

Adaptation computation is then based on the data collected during context 

assessment on the operators and the set of tasks the control room as a 

collective group has to achieve. 
 

The main concept used in UC3, Border Control Room,  for adaptation is load 

balancing, at the operator level, that is ensuring workload remains within 

acceptable bounds and shifting - or handing over - tasks between operators 
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to have optimal load balancing within the whole room. Workload balancing is 

achieved by the Adaptation Assistant Modules (AAM) 
 

The example below in Figure 18 shows a case where two operators are 

monitored and where the workload balance between them is not appropriate 

(e.g., operator 1 is massively overloaded while operator 2 is underloaded). 
Adaptation would consist in this case in performing a task handover between 

operator 1 and operator 2. 

 

 

Figure 18 : Adaptation computation in UC3 (Border Control Room) 

The adaptation decision cannot be solely made by the AAM system and it is 

therefore first communicated to the supervisor, acting as a human 

cooperative agent in the adaptation computation and decision (cf. Figure 15 

and task sharing for decision making, action planning and action 
implementation in the adaptation loop). The supervisor then approves or 

rejects the suggestion of the system. 

3.3.4 Use cases illustration from “Communication” point of view 

Once a load balancing decision has been made it is notified to the operators 

involved, in terms of task assignations. This can be done verbally, directly by 

the supervisor and/or through an electronic messaging system (e.g., mobile 
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phones, kinesthetic bracelet). These operators are then monitored to ensure 

their actions correctly follow the new instructions. 

3.4 UC4, Overtaking including lane change assistant 

Basis for the use case in the Automotive domain is an overtaking manoeuvre 

on a highway2 depicted in Figure 19: In this scenario, vehicle A intends to 

overtake vehicle C while vehicle B is approaching from behind.  

 

Figure 19 : Overtaking Scenario on a Highway 

Focal point is vehicle A including its driver and multiple assistance systems 
(ADAS), which together form the AdCoS under consideration. This AdCoS 

needs to analyse its environment as well as the states of its Cooperative 

Systems (including the driver and multiple ADAS), which is summarized 

under the term “Context Assessment”. Based on the results of this 

assessment, the systems as well as their cooperation need to adapt in order 

to avoid dangerous situations. The adaptation needs also be communicated 
between the Cooperative Systems which may otherwise lead to contradicting 

decisions and an erroneous behaviour of the overall system. 
 

                                    
2 A detailed description of this use case can be found in D9.2, Section 2.2. 
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3.4.1 Use case characterization 
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Figure 20 : AdCos characterization for UC4 (automotive) 

 

UC4 is the automotive use case, Overtaking including lane change assistant. 

 

In UC4, Overtaking including lane change assistant, assistance is provided to 
the driver through the co-pilot concept, which can be regarded as composed 

by three functionalities: FCW (Forward Collision Warning), OTA (Over Taking 

Assistant), and LCA (Lane Change Assistant). 
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3.4.1.1 CoS part 

 

The CoS is made of: 
- the driver 

- the co-pilot, composed by: 

o the FCW system 
o the OTA system 

o the LCA system 

All of them work together on a single object: the car trajectory, that is the 
position and trajectory of the car in its local environment (road, road 

infrastructure, surrounding traffic,...). The objective is to control the 
trajectory of the car, so that it remains safe in all cases, that is by avoiding 

collisions with the front vehicle (assistance provided by FCW), and allowing 
safe lane changes and front vehicle over taking (assistance provided by LCA 
and OTA). They do so in the environment the car is navigating in: the road, 

the road infrastructure (e.g., stop signals, speed indications), the other cars 
on the road (traffic), the current weather,... 

 
One of the main objectives of UC4, Overtaking including lane change 

assistant, is to provide a safe and efficient assistant for the lane change and 

overtaking maneuvers; in case this is not possible, the driver is assisted in 

the longitudinal control of the vehicle. Thus, in this sense, the three sub-
systems (FCW, OTA, LCA) have to work together and act as an integrated 

co-pilot: this is “automatically done” when the co-pilot select the best 
strategy / maneuver based on the internal and external conditions… 

 
The figure Figure 20 shows how the different steps in the cognitive control 

loop are shared between the CoS agents (the driver and the co-pilot, made 

of several assistants): the driver is typically solely in charge of first 

perceptive step on the car trajectory. But this perception can already be 

augmented by the assistant systems at the evaluation step (e.g., warning of 
a possibly impeding collision with the forward vehicle by FCW). The 

evaluation step is shared. In the decision step, the CoS decides if something 

has to be done about the situation. This is achieved by the driver. If 
something has to be done (action planning and implementation), assistance 

again can be provided by the co-pilot, using one of the aforementioned 

functionalities, in terms of warnings and advices (e.g. suggesting to brake or 

reduce speed, indicating if lane taking and overtaking is possible or not, etc 
…). In the figure, the joint work of the three assistant sub-systems and their 
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task sharing with the driver is indicated in white (meaning the three colors 

for the individual assistants are combined into white). 
 

The driver takes information on the car trajectory through specific perceptive 

resources: his/her own perceptive senses (mostly vision, audition and 

proprioception) and equipment in the car (such as the speedometer). The 
driver acts on the car trajectory through other types of resources: 

accelerator pedal, brakes, driving wheel,... 

 
The ADAS agents themselves (FCW, OTA, LCA) also need to take information 

to provide assistance to the driver. This is achieved through dedicated 

sensors: an interior camera, which allows monitoring the driver; and external 
sensors such as the middle range radar, the front cameras (stereo and 

normal) and the laser scanner. 

3.4.1.2 Ad part 

 
The Ad part is the set of agents (FCW, OTA and LCA) responsible for the 

adaptation and acting as an integrated co-pilot. 
 

In UC4, Overtaking including lane change assistant, there is a machine agent 
– the co-pilot – which is the main author of the adaptation. As indicated 

above, one of the objectives of UC4 is to have the three sub-systems to work 
jointly and cooperatively. They constitute a joint cooperative system that 

assists the driver. This cooperative system (the Ad part) closes an assistance 
loop on the driver (as is clearly shown in the figure). In the figure, to avoid 

complications, the combined involvement of the three assistant systems is 
depicted by the white color (meaning that the three corresponding individual 

colors are combined). 

 

Adaptation in UC4 is in terms of adaptation of the optimal strategy / 

maneuver, as proposed by the MDP CO-PILOT, based on the cognitive state 
of the drivers, on their intentions and on the external environment. Then, the 

user interface of the ADAS functionalities (FCW, OTA, LCA) will be adapted 

and changed accordingly.  
 

Context assessment is achieved by the virtual co-pilot through several 

resources: the interior camera, for monitoring the driver; the middle range 

radar; the front cameras and the laser scanner. These sensors are already 
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used by the three assistant systems to provide assistance. They re-use the 

information to assess the context for computing the adaptation response. 
 

Once the context is assessed, the co-pilot proceeds to adaptation 

computation (this is where the integration between them occurs).  

 
Communication of the adaptation is then directly passed (through electronic 

means, with no specific communication resources) to the ADAS UI (joint user 

interface for FCW, OTA, LCA). 

3.4.2 Use cases illustration from “Context Assessment” point of view  

The AdCoS that will be implemented in the Automotive domain will reach the 

aim to help drivers in safe overtaking maneuvers. Based on this use case the 
context can be categorically described as follows: 

 
 Context internal to the agents 

o Offline parameter and structure learning 
o Offline parameter learning and adaptation  
o Guaranteed maximal computation time 

o Likelihood of current driving behavior 

o Level of distraction computed by means of the Distraction level 
classifier algorithm 

o Classification of the driver’s cognitive state  
o Maneuver classification 
o Maneuver intention classification 

o Driving style classification 
o Operator’s experience level 

o Evaluation of agent’s action 

o Classification of physiological output 

o Operator’s state  
 

 Context internal to the cooperative system 

o Confidence in maneuver classification 

o Confidence in intention classification 

o Confidence in driving style classification 
 

 Context external to the cooperative system 
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o Information about recognized objects (surrounding traffic 

participants and traffic signs) 
o Information about the future path of the road including e.g. the 

distance from lane edges… 

o Information about the current state of the car like e.g. current 

velocities and accelerations 
o Information about the current state of the actuators like e.g. 

steering wheel, angles and pedal positions 

o Information about the current state and outputs of other 
machine agents 

3.4.3 Use cases illustration from “Adaptation” point of view 

For a concrete adaptation task, two situations are investigated, that depend 
on the level of automation of vehicle A: 

 
1. Partial automation: Vehicle A approaches a slower vehicle C and 

therefore the driver A intends to overtake it. Since he/she is distracted 
– e.g. by inserting a destination inside the navigation system or by 
being involved in an intense discussion – he/she is not aware of 

another vehicle coming from the rear. In this context, the LCA (Lane 

Change Assist) ADAS will provide a level of support depending on the 
driver's state (this is the adaptation of AdCoS): from a simple warning 

to the possibility to inhibit the manoeuvre if the driver is impaired to 
act it safely. Thus the adaptation here is based on the classification of 
the driver’s state (visually distracted or not). 

 
2. High automation: The highly automated vehicle A approaches a slower 

vehicle C and therefore the automated vehicle A intends to overtake it. 

Based on a driver model and on the relative distance/relative velocity 

to the vehicle in the front and in the rear the automated vehicle A 
would perform an immediate lane change for driver A but for instance 

for driver B it would first brake, let the approaching vehicle B overtake, 

and only then perform the lane change. 

 

This illustrates that concrete adaptation tasks are highly dependent on the 
involved systems. Section 3.3.1 of confidential part document D 3.4 gives an 

overview of concreted AdCoS architectures and their components. 
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3.4.4 Use cases illustration from “Communication” point of view 

Communications between the AdCos (and/or ADAS monitored by the AdCos) 
and the car driver can be supported by 4 main types of Human-Machine 

Interactions, which are: 

 

1. Information delivery: the first and the most classical way liable to be 
used by the AdCos to interact and communicate with the car driver is 

to deliver pieces of information regarding the driving situation (e.g. 

speed limits, possibility to change of lane, navigation information to 
follow a given itinerary), the ego car status (e.g. current velocity of the 
ego-car or all other information given on the dashboard, for instance) 

or other vehicle (e.g. Time Headway or distance of the car ahead). 
Different modalities can be used to deliver information to the driver, 

like visual display, auditory messages, or haptic signals.  It might be 
helpful to distinguish in further analysis, continuous information display 

from discrete information display, as warning is. 
 

2. Warning: in case of critical event or situational risk, information 

delivered by the AdCos should take the form of warnings, in order to 

alert the driver of the hazard. In the frame of the driving scenarios 
more particularly investigated in HoliDes, these warnings will be mainly 

related with a risk of collision with another vehicle (with a car ahead or 
with a rear car, in case of lane change manoeuvre) and with the 
drivers’ state (in case of critical visual or cognitive distraction, or risky 

behaviour implementation).  
 

3. Actions on vehicle commands: in order to inhibit an inadequate driving 

behaviour and/or to inform the driver of a risk, the AdCos can also 

directly intervene on the vehicle controls, like hardening of the gas 
pedal when overtaking speed limits or approaching too close of the 

front car, or hardening the steering wheel to inform the driver of the 

dangerousness of a critical lane change / overtaking manoeuvre with a 

lateral collision risk. 

 
4. Automated driving: In the frame of HoliDes, there are two different 

AdCos challenges regarding vehicle automation issues, however all 

related with the safe transitions between manual and automated 
driving.  From one side, in case of deliberate delegation by the driver 
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of a driving maneuver (e.g. lane change) to highly automated systems, 

the core issue for AdCos will be to support human take over in case of 
ADAS failure or system ability limits. From the other side, in case of 

manual driving, AdCos may have to activate vehicle automation to take 

the control of the car against driver initial intention. 

 
In a general way, AdCos should support an adaptation of these modalities of 

Human Machine Interaction in accordance with the driving context and/or the 

driver’s state, in order to provide both sufficient and efficient driving aids, 
and in a cooperative way. In addition, AdCos communications issues will be 

also considered to provide information to the drivers concerning the current 

state of a co-piloting device, when based on automation, in order to support 
their mental models of the driving aid and their awareness of the driving task 

supported (or not) by the automation. 

4 Conclusion  

 
In this document we have presented the techniques and tools developed 

within HoliDes for adaptation, including context assessment, adaptation 
computation and communication/feedback. 

 
We started in Section 2 with a summary of the common adaptation 

framework documented in D3.3 "Framework for Adaptation", where in 
particular we described two graphical formalisms for characterizing an 

AdCos. These formalisms have then been applied in Section 3 on the four 
HoliDes use cases. 
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