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Abstract— This paper presents the results of the first year
research in the EUROCONTROL CARE Innovative Researh IlI
project on safety modelling and analysis of organational
processes in air traffic. It is the objective of tis research project
to enhance safety analysis of organizational process in air
traffic by development of formal approaches for moelling,
simulation and analysis of organizational relationkips and
processes. These approaches should explicitly redat
organizational processes at the blunt end (e.g. magement,
regulation) with working processes at the sharp endwhere
accidents may occur. The year-1 research includes laerature
survey, leading to identification of promising appoaches, and
application of the most viable approach to an air raffic case on
safety occurrence reporting. The applied approach escribes a
formal organization in three views: (1) organizatim-oriented
view, describing roles, their interactions and autbrity relations,
(2) performance-oriented view, describing goals angderformance
indicators, and (3) process-oriented view, describg tasks,
processes, resources and their relations. A fourthgent-oriented
view represents the link between the role-based fomal
organizational model and the agents that fulfil theroles. The
performance of the agents is determined by the foral
organization, but also influenced by the stochasticlynamics of
interacting agents. With these four interrelated vews a broad
scope of organizational modelling can be achieve@he modelling
approach supports safety assessment by identificati of
inconsistencies and evaluation of safety-relevant egformance
both at the level of the formal organization and atthe level of
interacting agents.

Index Terms—Safety, Organization, Air Traffic, Modelling

I. INTRODUCTION

In complex and distributed organizations like tliret@affic
industry, safe operations are the result of intevas between
many entities of various types at multiple locasiorSuch
organizations can be described at various aggmyédivels.
At a high aggregation level, such a descriptionceliss
companies/corporations (e.g. air traffic control ntces,
airlines, airports, regulators), zooming in at lowvaggregation
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levels it discerns departments/groups (e.g. safepartment,
control tower group, operational management teamy,at the
lowest aggregation level it distinguishes the penfince of
single human operators executing organization&stas their
organizational habitats, usually including knowled@nd
procedure intensive interactions with technicaltays and
other human operators (e.g. pilots, air traffic tcolfers,
maintenance personnel, supervisors). In safetysiedu
organizations like airlines and air traffic conta@ntres, it is
crucial to have a good understanding of the orgsicizal
structures and dynamics at the different aggregaliwels,
since misconceptions and inconsistencies in tharizgtional
structure and dynamics may contribute to the deretnt of
incidents and accidents.

The importance of proper organizational processeshe
safety of complex operations is currently well iged. It is
generally acknowledged that the level of safetyieaad in an
organization depends on the constraints and ressiget by
people working at the blunt end (e.g. managersjlasgrs),
which determine the working conditions of practiiwos who
are directly controlling hazardous processes atstiep end
(e.g. pilots, controllers, physicians). The wellolm Swiss
cheese model of Reason [1] illustrates that actsdemay
occur if multiple holes, reflecting active failuresd latent
conditions in an organization, are aligned. Eadgais about
the evolution of accidents in complex sociotechingyestems
have also been put forward by Turner [2] and PefRjw

In the literature and in the risk assessment practine
recognition of the importance of organizational ggsses for
safe operations has mostly been accommodated bylédnigl
conceptual models and to some extent by organimtio
influencing factors in accident models. Predomityaribrmal
risk assessment approaches focus on fault/eventtype of
analysis, which uses sequential cause-effect ré&agofor
accident causation. Recent views on accident dansat
indicate that these types of accident models maly b
adequate to represent the complexity of modern osoci
technical systems [4]-[10]. Limitations of frequgnapplied
accident models as fault/event trees include tffiicuty to
represent the large number of dynamic, non-linear
interdependencies between organizational entitied their
restrictive error-view on human performance.

To adequately account for the effects of the cexipt of
socio-technical organizations in safety assessmahtve
views indicate that we need analysis approachdsatt@unt



for the variability in the performance of interagi and its relation to safe operations. Historicathgre has
organizational entities and the emergence of safety been a considerable emphasis on human error and its
occurrences from this variability. In the termingjo of analysis in sequential and epidemiological accident
Hollnagel [4] this is a systemic accident modele ™ystemic models. In systemic accident modelling the focusoison
view considers accidents as emergent phenomena them human error as such, rather the effects of varighii
variability of an organization and thus passedithiations of human performance are analysed for the role offitimean
sequential accident models in accounting for theadyic and in the organization.
non-linear nature of the interactions that leacgdoidents. In ¢  Organizational and safety culture, describing culture in
current risk assessment practices, formal modalsdbscribe an organization and its effect on safety. Theseaspan
the variability of organizational processes andeifect on be seen as conceptional reflections on the vaitalil
safety-relevant scenarios are largely lacking. work processes, i.e. as moderators of the varigliilithe

As a way forward for description of organizational human performance. In other words, they reflect the
structures and processes and inclusion thereofrirraffic impact on “the way we do things around here”, whigh
safety assessment methods, NLR and Vrije Univérsite an informal, behaviour focused notion of organizai
Amsterdam collaborate in an EUROCONTROL CARE culture [12].
Innovative Research Il project. It is the objeetiof this «  Multi-agent models, describing models of agents and their

research project to enhance safety analysis ofntgtonal
processes in air traffic by development of formappmaches
for modelling, simulation and analysis of organizaal
relationships and processes. These models shosddiloe the
organization at different aggregation levels anousth lead to
emergent safety issues as result of performandabiiity and
interactions of organizational entities. In otheords, it is

interactions for the representation of emergenabietr

in complex multi-agent systems.

Organization theory, describing views on structures and
dynamics of human organizations using methods faeom
wide variety of disciplines as economics, psychglog
sociology, political science, anthropology, and teys

theory; related practical disciplines include human
resources and industrial and organizational psydyol
Enterprise architectures, describing enterprise-wide,
integrating modelling frameworks used to represam
manage business processes, information systems and
personnel.

The first three aspects considered in above ligtrigeto the

core of safety science and are well known by re$esis in

year. Section 2 provides an overview of approadtiestified ATM safety. The last three aspects are less welhwknand

in the literature and our view how these can bedue consider descriptions of formal structures and ti@ia in

systemic accident modelling of organizational stites and organizations, as well as multi-agent models to luata

processes. Section 3 introduces an air traffic dasesafety complex dynamic interactions of organizational tgi These

occurrence reporting and describes the developroéran |atter aspects will be further worked upon in fhéer.
organizational model for this case. Section 4 prissthe kinds

of results that are obtained by the organizatianatelling
approach. Section 5 provides a discussion. Seétipresents
ideas for future research.

intended to develop an approach for systemic antide
modelling of air traffic organizational processes. .

The first year of this research project consists(Df a
literature survey on safety modelling and analysif
organizational processes, and (2) a first appboatiof
identified methods to a safety-relevant organizatiqprocess
in air traffic. This paper describes both aspedtghe first

Multi-agent models

Within our systemic accident modelling view for
organizational processes, multi-agent modellingypla key
role between a formal description of the structumd relations
of an organization, on the one hand, and the ssticha
dynamics of interacting organizational agents, ba other
hand. Here, incidents and accidents can be comesidas

As a basis for the research on safety modellingaaradysis emergent phenomena from the variability of the #&jen
of organizational processes, a wide-scope litegasurvey has performance in the organizational context. In agmasted
been done [11]. This survey considers a varieigsoofces and modelling the following aspects are relevant: agent

viewpoints, which are presented in the followirgy.li environment, organization and implementation (sgarg 1).

e Accident models, describing views and models fore An agent is generally defined as an active objett the
accident causation in an organizational contextes€h ability to perceive, reason and act. To this egenés may
models include sequential, epidemiological andesyst have intrinsic models addressing the agent's iafern
accident models. representations of the external world (e.g. memory

»  Human performance and human error, describing human belief states), motivational and intentional attds (e.qg.
performance in an operational context and the eéfeits wishes, desires, intentions, goals) and mechaniems
variability on the evolution of safety-relevant at® reasoning about its intrinsic states and evaluatdn
There exists a large volume of research on humaoria possible behavioural strategies for the future.rgenay

Il. LITERATURE SURVEY ON MODELLING OF ORGANIZATIONAL
SAFETY



interact with other agents, e.g. via collaboration Organizational modelling framework

competition. The foundation of the performance of agents withim
The environment of an agent may include both passiwrganization is specified by the formal organizatidl his
and active entities (other agents). Here, ageritinand encompasses a definition of the hierarchical strest
receive information from. interactions, procedures, regulations, goals ambmeance
The multi-agent organization specifies the struetand indicators of the organization as formally desadibln other
protocols of interactions between agents. Thesetsies Words, it describes the organization as it sho@dabcording
may be intentionally designed or they may emergenfr to its formal definitions. The formal organizaticcan be
repeated patterns of interactions among agengpecified at different aggregation levels, randiogn general
Organizational structures include hierarchies, fubies, regulations for the whole organization to speggfiescriptions
coalitions, teams, congregations and federationfr particular roles and their interaction with ethroles that
Depending on the type of an organizational stregturoccur in the executions of work processes. Analysis
agents are provided different degrees of autonomy Brocesses and relations both at the same aggredeviel and
various aggregation levels of the organizatiomaicstre. ~ across different levels may show potentially safatjical

An agent-based modelling approach may be suppbsted inconsistencies.
a software implementation. The organizational modelling framework of [13] cmless
the following four interrelated views to formallyescribe an

organization and link it to a description of perfance

— O

variability of a multi-agent system:

Agent Observation ] enirommen. () 1. The organization-oriented view describes a functional
Internal model decomposition of an organization by a compositgcstire
Action ] Q of roles at various aggregation levels. These reles
abstracted from particular agents that may fuli@n, e.qg.
Figure 1: The classical model of an agent situatetie environment, which business unit, department, manager or operator. The
includes other agents and passive objects. organization-oriented view describes interactioesveen
As part of the literature review [11], an evaluatiof a roles . an_d specm_es the "."“tho”ty _relat|ons n -an
. . . organization: superior-subordinate relations omsokith
number of multi-agent design methodologies has lokare t to task ibilit lati -
regarding above multi-agent system characterisiiehle 1 respect 1o 1asks, Tesponsibility refations, autsion
: . - ) relations and control for resources.
shows the main results of this evaluation; moraitletan be . . .
. . . 2. The performance-oriented view describes the goals of the
found in [11]. It follows from this evaluation thathe o . .
o . organizational roles in a goal structure of genen
organizational modelling framework of [13] preserttse o -
. . . - specific goals. It uses performance indicators aasures
widest repertoire of relevant aspects for multiragaodelling . o
o . of goal achievement for organizational roles.
of organizations. Therefore this framework has be®rsen to . . .
3. The process-oriented view describes tasks and processes

study the possibilities of organizational modellimythe air
traffic safety context of this paper.

Table 1. Summary of characteristics for multi-aggrstem methodologies. A
‘+' denotes that a characteristic is addressedénmethodology, ‘- denotes

in the organization. It specifies static and dyrami
relations between processes, e.g. decompositioeriog

and synchronization, and the resources used and
produced.

that a characteristic is not considered. 4. The agent-oriented view describes the link between the
Method m Agents | Organization _ role-based formal organizational model and the tgen

2 _ n o = _g that are to perform the roles. It formulates ageytses,

§ § % a 3 = § %- g their capabilities, their behaviour, and the pnites of

cBD & g S < 2 3| > o allocating agents to roles. The agent-oriented \dimgses

S (@ = @ 7] : the description of the formal organization and the
[14] ; N + n : : description of performance variability. On the dmend,
[15] ; ; T i ; i the performance and _inte_ractions of agents arelatggl
[16] n N T " " N by the_ formal organlzgtlon. On the _other hand, the
[17] B n + + _ - dynar_‘mcs and stochastic aspects of interacting tagen
[18] B T T T T i contrlpute_ to the performance variability in an
[19] n n + _ ; + organization.
[13] + + + + + +
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Figure 2: Organizational safety pyramid.

To illustrate the main aspects of an organizati@yatemic
accident model discussed in this section, we ushree- Ill.  ORGANIZATIONAL MODELLING OF AN AIR TRAFFIC CASE
layered organizational safety pyramid shown in Feg@. It |n this section we describe the development of an
describes the main aspects contributing to safely grganjzational model according to the four view§ld] for an
organizational processes and the evaluation thereof air traffic case on safety occurrence reportingstRive give a
« Formal  organization, using the organization-, high-level description of the case, subsequentlye th

performance- and process-oriented views, as weth@s development of the organizational model is desdribe a
agent-oriented view for the connection to the hewxtl; number of steps.

»  Performance variability, describing human performance
& error, and the moderating effect of organizatio®a High level description of air traffic case on safety occurrence
safety culture; reporting
» Organizational safety, describing the result of the various We study the possibilities of organizational moideflin air
sources of performance variability in the organicral traffic for the case of reporting and managementsafiety
context on the development of safety events. occurrences during taxiing operations near an actinway of
Although this safety pyramid looks similar to thiassical a fictitious major airport. The runway consideredsha
safety pyramid of Heinrich [20], it follows from abe complex surrounding taxiway structure, it is in dee take-
explanation that the reasoning behind it is quiflent from offs and it may be crossed by taxiing aircraft. fiica
the relation between unsafe acts, incidents anddewmts movements on the runway and surrounding taxiwagsiader
considered in the classical safety pyramid. control of a runway controller and ground contndle
respectively. In this operational context safetgvant events
may occur, e.g. ‘taxiing aircraft makes a wrongntwand
progresses towards the runway crossing’, ‘taxiiimgraft has



switched to a wrong frequency’ or ‘taxiing aircrafttiates to
cross due to misunderstanding in communication’ stipport
safety management, such events should be repostettheb
involved pilots and controllers. In the air trafftase, we
consider that reporting of safety occurrences candbne
either via formal organizational lines or via infuwl

coordination. The formal organization considers esaf
occurrence reporting at the air traffic control ttenand at
airlines, the informal path considers coordinatbmiween air
traffic controllers.

The formal safety occurrence reporting at the giffit
control centre starts by the creation of a notif@areport by
the involved controller(s). This notification repds examined
and possibly improved by the supervisor. The reatfon
report is processed by the safety investigation ahthe air
traffic control centre. The severity of the occuce is
assessed and a description of the event is storedsafety
occurrences database. In the case of single segeterences
or in the case of a consistent series of less sexaurrences,
the safety investigation unit may initiate an irtigegtion for
possible causes that may pinpoint to problems
operations. The results of such an investigatienraported to
the operation management team at the air traffitrobcentre.
On the basis of such reporting, the operation mamagt team
may decide on a change process of the operatiois. niay
have to be formally approved by the executive mamamt of
the air traffic control centre.

The organization of the safety occurrences proogssi the
airline starts with a notification report createg the pilots.
This notification report may be provided to thdia@’s safety
management unit or it may be directly provided te t
regulator. The airline’s safety management unithgéras and
potentially improves the report and it informs tregulator
about safety occurrences at the airline. The réguleay
decide on further investigation of safety occuremndy the
regulator itself or by a facilitated external partpvolved
airlines and air traffic control centre are infounéy the
regulator about the investigation results, whichy nraicate
safety bottlenecks in the operation.

The informal safety occurrence reporting path a& #ir
traffic control centre considers that controlleiscdss during
breaks the occurrences that happened in theiragsttifts. If
they identify potential important safety issuesytirform the
head of controllers, who is a member of the openati

predicate logic serves as a formal basis for defimedicated
modelling languages [21] and temporal relationssprecified
by the Temporal Trace Language [22].

Table 2: Overview of steps in organizational maddgliand their relation with
the views considered.

i th

Step Name View
o7
213/5|2
N33 |3
218187
5|8

1 | Identification of organizational X

roles

2 | Specification of interactions X

between roles and with the
environment

3 | Identification of requirements for | x X

roles

4 | ldentification of organizational X

performance indicators and goals

5 | Specification of resources X

6 | Identification of organizational X | X

tasks and relations between tasks,
resources and goals

7 | Specification of authority relations X X

8 | Specification of flows of control

9 | Specification of allocation, X

characteristics and behaviour of
agents

10 | Identification of generic and X | X[ x| x

domain-specific organizational
constraints

Sep 1: Identification of organizational roles

In this step, organizational roles are identifigdl. role
represents a (sub-)set of functionalities of (paff an
organization, which are abstracted from specifiersg who
fulfil them. Each role can be composed by sevetfatoroles;
a role that is composed of (interacting) subrotes composite
role. At the highest aggregation level, the whalgaoization
can be represented as one role. The refined moletstes may
correspond to organizational constructs such aspgrounits,
departments, managers, operators, etc. Since rahes

management team. The operation management team megresented by a composite structure, interactiogtsveen

decide on further investigation of the potentialebaissue.
The results of such investigation are handled abkenformal
safety occurrence reporting path.

Model development steps

The development of the organizational model is dione
number of steps specified in Table 2. Steps 1 tar®
performed subsequently and contribute to one viewhe
combination of two views. Step 10 may be done afier
particular step or after a combination of stepgeteling on
the type of constraint considered. In all stepst-forder sorted

roles can be represented at different levels dfadtson.

For the air traffic case, the roles Air Navigati®ervice
Provider (ANSP), Airport, Airline, Regulator and WNe
Operation Design team are considered at the highest
aggregation level (see also Figure 3). The compositf these
roles is considered up to two additional aggregatevels.
Aggregation level 2 consists of 16 roles that nyostffer to
units and teams in the organization (see Figumer 4hke level-
2 roles in the ANSP). Aggregation level 3 consift&2 roles
at the level of single humans (see Figure 5 foresewamples
of level-3 roles in the ANSP).
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Supervision Team, (c) Safety Investigation Uni), Tdwer Control Unit.

Sep 2: Secification of interactions between roles and with
the environment

In this step, interaction relations between roled with the
environment are identified. Furthermore, the vodtatyuof
interactions (interaction ontology) is defined. €dwer with
Step 1, it contributes to the organization-orientiv.

For the air traffic organizational model, relationstween
roles exist at the three identified aggregationelgv The
interaction relations between the roles at aggiegaevel 1 of
the complete air traffic organization are depiciedrigure 3.
Subroles of the role ANSP are depicted at aggregddivel 2
in Figure 4 and at aggregation level in Figure ®laRons
between roles at the same aggregation level aresepted by
interaction links, relations between composite soland
subroles are represented by interlevel links.

Sep 3: Identification of requirements for roles
In this step, the requirements for each role at ldwest

aggregation level are identified. By execution liststep a

relation is created between the specifications bé t

organization-oriented and the agent-oriented views.

For each role, requirements on knowledge, skilel a
personal traits of the agent implementing the aptedefined.
Knowledge-related requirements define facts
procedures with respect to organizational tasks rthast
be well understood by an agent.

e Skills describe developed abilities of agents te us
effectively and readily their knowledge for tasks
performance. Four types of generic skills are niggtished
that are relevant in an organizational context 23]
technical (related to the specific content of ak}tas
interpersonal  (e.g., communication, cooperation),
problem-solving/decision-making and managerial Iskil
(e.g., budgeting, scheduling, hiring). Requiremeats
skils can be defined that reflect their level of
development, experience and the context in whigseh
skills were attained.

» Personal traits may influence the successfulnesask
execution. The traits are divided into five broategories
[24]: openness to experience, conscientiousness,
extroversion, agreeableness and neuroticism.

and

Sep 4:  Identification of organizational
indicators and goals

In this step, organizational goals, performanceicaitrs
and relations between them and organizational rales
identified. By performing this step a complete sfiestion for
the performance-oriented view is specified. Furtieme, this
step establishes relations between the performarneeted
and organization-oriented views.

A goal is characterized by the following aspectama,
priority (high, medium, low, etc.), horizon (timatérval in
which the goal is supposed to be satisfied), ovrer&ole,
agent), perspective (point of view described by dbal, e.g.
management, supplier, etc.), hardness (clearnesatisfaction
of a goal, i.e. hard or soft), and negotiability hether
negotiation is possible in case of conflicts witier goals).

performance



Goals can be refined in goal structure, which aefirelations

Performance indicators are goal-associated quawtitar

between goals and sub-goals, expressing rules @&l gqualitative expressions of the state/progressrofexor agent.

satisfaction. For instance, in the partial goalctire of the air
traffic organizational model shown in Figure 6, g8alt is
required to achieve a high level of quality of timternal
investigation of a new operation” requires suffitiulfilment
of sub-goals 3.1 “It is required to achieve a higkel of
thoroughness of the internal investigation of a w@eration”,
sub-goal 3.2 “It is required to maintain a high fessional
level of operation analysts” and sub-goal 3.3 sltequired to

Performance indicators can be soft or hard. Apafformance
indicator is difficult to measure directly and issually
specified by a qualitative expression, e.g. custsme
satisfaction, company’s reputation, employees’ watibn. A
hard performance indicator is well measurable asdally
expressed quantitatively, e.g. number of custonmens\ber of
landing aircraft, or average time to cross an actinway. A
number of relations can be defined between perfocma

maintain up-to-date knowledge of norms, standardsl aindicators: causal, correlation and aggregatiogufé 7 shows
statistics used for the evaluation of a new opendtiand goal
3 is supported by goal 4 “It is required to achieae
satisfactory realization of the high level requiemts and their
refinements in the concept of a new operation”. daeeloped
air traffic organizational model contains 21 goatsl 60 sub-
goals.

refinement link

soft goal

hard goal

and-list relation

balanced list relation

satisfices relation

contributes_to relation

Figure 6: Part of the goal structure in the aiffitaorganizational model.

Pl.name =a

@ ————————— >® aggregation_of(a, b)

sign

®—>® causing(a, b, sign)

graphical representation of the relations betwesnfopmance

indicators in the air traffic organizational moddHere,

examples of the types of relations are:

e Causality — indicator 1.1 “The completeness andiieay
of the identification of high level safety-related
requirements for a new operation from all partresived
into the operation” causes a positive change dtatdr 2
“The level of safety of a new implemented operdtion

e Correlation - indicator 9 “The development and
assessment time of a new operation” correlate igelit
with indicator 3 “The level of quality of the inteal
investigation of a new operation”;

* Aggregation - indicator 9 “The development and

assessment time of a new operation” is an aggmyafi
indicator 9.2 “The development time of the concepa
new operation”.

Figure 7: Relations between the performance indisah the air traffic organizational model.



Sep 5: Specification of resources

In this step organizational resources are defifexsources
describe a wide range of materials and data, ssctoals,
supplies, components and digital artefacts. Ressurare
characterized by name,
measurement unit, expiration duration and amoumis 3tep is
part of the process-oriented view.

Examples of resources in the air traffic case areradt,
radar system, incident database, incident investigaeport
and R/T system.

Sep 6: Identification of organizational tasks and the relations
between tasks, resources and goals

This step identifies organizational tasks, thegralsteristics
and relations, and defines relations between taskd
resources. Furthermore, this step relates eachidasioal and
thereby establishes a connection between the m-acented
view and the performance-oriented view.

A task represents a function performed in the dmgdion
and is characterized by a name and by minimum aadmum
durations. Tasks can range from very general tg specific.
General tasks can be decomposed into more spewifis
using AND- and OR-relations and thereby form hienés.
For every task it is indicated to which organiza#b goals
they contribute. For every task it is indicated ethkinds and
guantities of resources it uses, consumes and pesdu

The model contains 15 general tasks and 26 spdaiks.
Examples of tasks in the air traffic case are: tawaaof a
notification report, preliminary processing of atification
report, making decision about the investigationessity based
on the provided notification report, investigatiaf the
occurrence based on the notification report.

Sep 7: Specification of authority relations

In this step authority relations (formal power tiglas) of an
organization are identified: superior-subordinagéations on
roles with respect to tasks, responsibility relagiocontrol for
resources, authorization relations. Authorizationnd a
responsibility relations are defined with respect thsk
execution, task monitoring, consulting, technolagitecision-
making and managerial decision-making.

In the model responsibilities are defined for akks. For
example, the following responsibilities of roles adefined
with respect to the task “Investigation of the atence based
on the notification report” for

for monitoring, consulting and managerial decisitims Head
Safety Investigation Unit is responsible.

Sep 8: Secification of flows of control

In this step the dynamic part of specificationtfue process-
oriented view is described. This is achieved bydhénition
of workflows that represent temporal execution seges of
processes of an organization in particular scesakigure 8
shows an example of the workflow for the processoig
incident reporting by a controller.

Sep 9: Specification of allocation, characteristics and
behaviour of agents

In the context of organizational modelling, thefpemance
variability in an organization is the result of thehaviour of
agents that are allocated to organizational rdteStep 9, the
characteristics and behaviour of agents allocated
organizational roles are described. The charatit=ridescribe
knowledge, skills, personal traits and internal Igoaf the
agents.

In the context of the air traffic case, the follogitypes of
agents are defined: Controller, Controller Manageilpt,
Regulator, Safety Investigator, and Manager. Famg{e, the
agent type Controller may have the following chagstics:
decision-making skills, passed a rigid medical exration,
number of years of college education before indtiabf ATC
training, knowledge of the air traffic managemeydtem and
flight regulations, number of hours of computerirtirag,
number of hours of air traffic control trainingstiéning and
communication skills, ability to stand stress, astobrt-term
memory capabilities. By assigning different valu@s the
identified characteristics different instances loé tagent type
Controller can be specified.

Discussion of the
intermediate incident

Create a
notification
report

Preliminary
processing of a
notification report

Making decision
on the occurrence
investigation

> >

begin_or(or2
Decision
positive?

investigation results

Investigation of
an incident based

on the report

Distribute an incident
investigation report

Reviewing of an
incident

o

Figure 8: Workflow for management of controlleriahent reporting.

task execution and
category (discrete/contis)joutechnological decisions the Safety Investigatoreisponsible,



The behaviour of agents is considered to be gaedulr In
the case study the agents’ goals are consisterit thie
organizational goals. The internal states of agalit€ated to
organizational roles are represented as beliefeelfef of an
agent is created based on one of the following tsven
» observation from the environment a belief state is

generated after the agent observed some occuriretioe
environment;

» communication provided to/obtained from anothemage
belief states are changed for the agents involvethe
communication;

e action performed by the agent in the environmena
belief state is changed after the agent performeatcton.

In addition to the general belief update functiospecific
rules for the belief states of agents in the amffitr
organizational model are defined.

Sep 10: Identification of generic and domain-specific
organizational constraints

Within every view and across views of the organizsl
modelling framework, a set of structural and bebasal
constraints can be defined (see Figure 9). Thegserpf the
formulation of the constraints is to define key kaas for
desired behaviour in the organization. The satigfacof the

positive change of indicator C, then indicator Aises a
positive change of indicator C”.

Generic constraint in the process-oriented viewot‘N
consumed resources become available after all psese
are finished”.

Domain specific constraint in the process-orientasiv;
“Each active runway should not be used by more then
aircraft at the same time”.

Generic constraint in the organization-orientedwie
“Each role may be a subrole of one complex rolmadt”.
Domain specific constraint in the organization-otes
view: “The pilots of the crew should verbally share
relevant information with each other”.

Generic constraint in the agent-oriented view: “be
allocated to a role, an agent should possess all th
required knowledge and the development levels iissk
and the required traits”.

Domain specific constraint over combined process-
oriented, organization-oriented and agent-orientiegs:
“Each observed incident/accident should be repdsied
controller”.

IV. ORGANIZATIONAL ANALYSIS RESULTS

constraints of the organizational model can be uatel in For analysis of the developed organizational mauie

analysis and simulation of the model. The constsa@re types of techniques can be applied [13]:

divided in two groups: 1. Checking the consistency and correctness of orgtoiz

1. Generic constraints that need to be satisfied by an models. This analysis type focuses on verificatibrthe
specification of a view or by a combined organizadil model specification for the particular views. Byphjpng
specification. Generic constraints can be struttura this analysis type, the correctness of a spedifinadf a
integrity and consistency constraints based on the particular view with respect to the correspondied of
specification rules of the composition, or constisi constraints can be established. For this analysis,
imposed by the physical world. techniques based on first-order sorted predicajie lare

2. Domain-specific constraints are imposed by the used.
organization, external parties or the physical @arl the 2. Verification by simulation. The second type addessthe
specific application domain. validation of constraints on single or combined

specifications of different views by simulations. $uch

simulations, agents are allocated to particular

Performance-oriented vie

organizational roles.
JL Next, the types of results that can be achievedhege
analysis techniques are presented for the fournizgtional
Process-oriented Vie Organization-oriented view mode”ing views.
(Constraints):"} Specification hq Specification K):( Constraints)

- across views .

Organization-oriented view
The organization-oriented view identifies sets @heric

Specification A X ) X
S consistency constraints on both interaction stmastwf roles
[25] and on formal authority relations [26] betwegnles.

Agent-oriented view Examples of possible conflicts on interaction rieled between
roles include:

* Roles involved in the execution of a task do no¢riact

Figure 9: Constraints in the organizational modglliramework.

Examples of constraints in the various views foe thir
traffic case are:
» Generic structural integrity constraint in the penfiance-
oriented view: “If performance indicator A causes
positive change of indicator B, and indicator B sesia

(may be a problem when they need to interact).

A communication path does not exist at all wheshibuld
exist.

The role which supervises the execution of someqe®
should interact with the role performing the praces



Examples of possible conflicts on authority relaso
between roles include:

* Avrole has more than two direct superior roledl{atsame
level of the authority hierarchy); this may causgrablem
when these roles have different opinions on a takited
decision.

» Conflict between a goal requiring some level obaoimy
for a role and a strict authority structure thaeslanot
allow realizing this goal.

* Responsibility/authorization for some aspect ohsktis
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Agent-oriented view

In the agent-oriented view, the dynamic interacticof
agents allocated to the roles in the organizatienesaluated
in varying contextual conditions. For the air tmaffcase
described in Section 3,
developed for the formal and informal reportingimdidents
during taxiing operations [29]. These simulation deis
represent the behaviour of agents for the rolesidered (e.g.
controllers, pilots, safety investigator) in thentaxt of six
types of safety occurrences that may happen dudring.

provided to a role for some time interval and aftef he events considered are:

finishing this interval the role acts as if the pessibility
is still provided.

Performance-oriented view
For analysis of the performance-oriented, view stescy

checks can be performed for the goal and performanc

indicator structures [27]. For example, goal 3isltequired to
achieve a high level of quality of the internalastigation of a
new operation” and goal 9 “It is required to mirdmithe
development and assessment time of a new operadi@nin
conflict. This conflict has been detected since
corresponding performance indicators “Quality of thternal
investigation of a new operation” and “Developmerid
assessment time of a new operation” are related pgsitive
causality relation, and the corresponding goal epast are
based on opposite types of functions to either mepd or
minimize the performance indicator.

Process-oriented view

the

a. Aircraft rejects take-off as result of a runwayunsion;
Taxiing aircraft stops progressing on the runwayssimng
only after the stopbar and due to a call by thevayn
controller;

Taxiing aircraft makes wrong turn and progressestds
the runway crossing;

C.

d. Taxiing aircraft makes wrong turn and progressesaon
wrong taxiing route that is not a runway crossing;
e. Taxiing aircraft has switched to a wrong frequency;

f. Taxiing aircraft initiates to cross due to misursd@nding
in communication.

In the model, the formal and informal handling lndé$e events
may lead to a start of a safety investigation dreteby to the
identification of safety-critical aspects in theeogtion. In both
the formal and informal approaches, the severitthefevent
has impact on the decision to initiate an invesiga in
particular, less severe events require more ocecee

Table 3: Results of the agent-based simulations.

In the process-oriented view structural consister Fraction of traces with | Mean time before start of
constraints are defined for workflow, task and tese £ start of investigation safety investigation
hierarchies [28]. Automated algorithms are avadafur the | EVENt | given the event type (days)
verification of these constraints on process-oddn Formal Informal Formal Informal
specifications. 0 0

The verification of the correctness of a specifaatis a 22% 21% 155 135
performed during or at the end of the design pmces b 5% 15% 168 124
depend_ing on_the type of constraint._S_ome domaérmiﬁp c 28% 50% 195 150
constraints might not (yet) be satisfied for incdsbg
specifications. The designer can choose when thewld be d 0% 0% - -
checked. The syntactical check of a specificationl #he e 0% 3% - 279
verification of generic constraints are performeéach design
step. f 45% 11% 186 185

Examples of types of inconsistencies that can katifled | total 100% 100% 181 150

by these techniques are:
* A process is not finished before a dependent psobas
commenced.

For the formal and informal cases, 100 simulatibase
been performed with 12 operational hours per dag an

« Processes try to share a non-sharable resource ge.gnaximum simulation time of 3 years. Main resultstioése

runway).
» Aresource is located at a non-accessible place.
» Apilotis assigned to multiple simultaneous flight

simulations are shown in Table 3. The results shaventhe
fractions of cases in which an investigation isiatéd given a
sufficient number of occurrences of a particulagrévand the

«  Particular information types may not be used bykgasMeéan time until start of the investigation. Fortbtte formal

(security/privacy).

and informal handling of safety occurrences insathulation
traces a safety investigation is initiated, butrtiean time until
start of the investigation is 181 days in the fdrmase,
whereas it is 150 days in the informal case. A mai@son

simulation models have been



underlying this difference is that events likendc are often
recognized by both ground and runway controllers Hms
feed common situation awareness on safety-criispects in
informal discussions, whereas such events are gusjle
occurrence reports in the formal incident reportage.

V. DiscussioN

In this paper we have presented the first resiilta new
approach for systemic accident modelling of orgatiinal
processes in air traffic, based on the organizatiamodelling
approach of [13]. This systemic modelling appropobvides
a broad scope description of the ‘system’ (i.e.
organization) and the variance in its performafde analysis
of the model is focussed on obtaining inconsistendn the
model and evaluating emergent safety-relevant cheniatics.
Systemic accident modelling can be contrasted sétfuential
or epidemiological accident modelling approachesictv
merely use influencing factors to represent thesotffof
organizational factors on risk levels.

The organization is modelled according to four rirgiated
views that account for a variety of organizatiomaipects.
Three of these views have a distinct focus on thendl
organization and describe the organizational atrec{roles,
their interactions, authority relations and resesj¢ the
organizational behaviour (processes in an orgdnizaand
their relations), and the organizational goal-edat
performance (goals, performance indicators). Thetfoview
describes the link between the role-based
organizational model and the agents that perforenrties.
The performance of the agents is determined byfdhaal
organization, but it is also influenced by the &astic
dynamics of interacting agents. Variations in thgerds’
performance (e.g. tasks are done slower/quickeskstare
omitted, tasks are done in varying order, etc.Jjati@ans in
environmental conditions and variations in inte@c
between agents all have effect on the overall pexdoce of
the organization. With these four interrelated \sea broad
scope of organizational modelling can be achieved.

It follows from the literature survey [11], thatetimodelling
approach used has the broadest scope of the rgaltka
modelling methods identified. In relation with treafety
literature, we note that many risk assessment rdsthave a
purely functional focus, which only consider maltioning of
functions in an operation. It is questionable wketmethods
with such a limited focus can support effectivik assessment
of organizational processes. In contrast, the nuistpwesented
in this paper also include functional aspects i@ phocess-
oriented view, but they extend the focus extengitelthe four
interrelated views on organizational modelling.

For broad scope organizational modelling it is im@iot
that the methods well support managing a potent@mplex
model. An issue herein is the level of scalabildf the
modelling methods. In the approach portrayed,
organization can be modelled at various aggregé#tiegls and
particular aspects of the model can be includeelxctuded at
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the different aggregation levels, depending ongbal of the
study. Modelling tools support automatic expressioh
relations between model aspects at high and lowegggjon
levels. Explanatory ease and usability of the mloudgl
methods is supported by various graphical intedfeered the
application of generic templates.

This modelling approach provides a framework toradsl
well-known important contributors to the safety ian
organization: human performance/error and orgaioizal/
safety culture. The formal organizational model vidles a
broad scope description of organizational aspéetisform the
working context of the humans in the organizatierg ( tasks,

thrierarchy, responsibilities and goals). This wogkicontext

also addresses aspects of organizational/safetyrepbuch as
information streams, working conditions,
involvement and safety-related behaviour. The ageented
view provides the means to describe (the varighilfy human
performance in interaction with other agents and thie
working contexts of the agents. Here, the effect
organizational/safety culture can be describedtbyniluence
on the level of performance variability.

management

of

The modelling approach supports safety assessmgnt b

identification of misconceptions or inconsistendegh at the
level of the formal organization for the range adtws
considered, and at the level of agents by the atialu of
safety-relevant performance in multi-agent simoladi The
presented results show various forms of inconsigtenand
indicate the potential strength of informal coostion for

formahfety occurrence reporting. It is noted that thkdity of the

model has not been evaluated. The prime goal imdbearch
phase presented is the inventory of the posséslitof

organizational modelling and the links with safagsessment,
rather than the particular outcomes of the modelyais.

VI.

The study presented in this paper is a first stepatds
multi-agent systemic accident modelling for orgatianal
processes. This first step has identified a newaggh and
clarified the types of results that can be attained

The proposed follow-up research aims to lay morectli
links with the needs in safety cases for orgarozei
processes and to develop an advanced organizataifety
model that addresses those needs. Next year'srcbsean be
organized along the steps in the original projéenping [30].

The identification of objectives for further orgaational
modelling is done in WP3 ‘Identification of applt@an and
analysis objectives’. The identification of objeets for
organizational modelling will be based on needsnfraosk
assessment cycles and safety case development. nTdys
include the identification of objectives for layingxplicit
relations with human performance/error
organizational/safety culture. We intend to furtmarease the

FUTURE RESEARCH

thealidity of the organizational safety model by ingorating

more specific knowledge of relevant organizatigmaicesses.
To assure a sufficient knowledge base we will adersiin

and



WP3 what issues should be considered in the dfictrease
for the advanced organizational model.

In WP4 ‘Organizational safety model & simulation ofj17
advanced air traffic application’ the advanced argational
model will be developed in the context set. Buitgifiorward
on the results achieved, more specific knowledgh ke
integrated in the organizational model. Model asialyand

simulation

results will be achieved for

organizational model.

VILI.

PUBLICATIONS IN THE PROJECT

The first year of research has resulted in repfdri3[29]
and a research paper published at the EUROCONT Raf#ty5
R&D Seminar 2007 [31]. The project has contributedhe
PhD research of Alexei Sharpanskykh and associateshrch
papers [13][26][28][32][33][34].
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