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Introduction 
 

The aim of the SOFIA project is to develop original, innovative and marketable Software 

Framework for Intelligent Adaptive control of complex facilities (SOFIA), and to prove its wide 

applicability via development of two industrial-strength application prototypes: 

 

• the Airport facility management prototype, and  

• the Microgrid-enabled facility management prototype. 

 

This technical documentation elaborates several possible use case scenarios for Airport facility 

management in emergency situations. The analysis is mainly based on the Belgrade “Nikola 

Tesla” Airport - a representative, modern, mid size airport infrastructure located at the crossroads 

of major air routes in Southeast Europe. 

 

Emergency that can happen at airports can be divided into Aircraft Emergencies and Terminal 

and Ground Emergencies. Aircraft Emergencies include: Mechanical Difficulty, Taxiing 

Accident, Aircraft Crash or Fire on Airport, Aircraft Crash Off, Aircraft Crash in Water, 

Hijacking, Bomb Threat A/C, A/C Carrying Explosives. Types of Terminal and Ground 

Emergencies are Fire and Explosions, Bomb Threat Terminal, Severe Weather, Hazardous 

Materials Response and Notification Guidelines, Movement Area Lighting Power Failure. In the 

SOFIA framework, we have selected the following scenarios that are representative for all the 

safety-relevant conditions to be faced within modern airport buildings.  

 

• S1 – Fire scenario (main Airport building) 

o S1.1 Fire incident  

o S1.2 Structural fire accident with evacuation  

• S2 – Explosion/ Bomb attack   

o S2.1 Bomb threat 

o S2.2 Bomb attack  with Explosion 

• S3 – Explosion / Hazard materials scenario  

o S3.1 Spill/Evaporation of hazard material 

 

All scenarios will be specified through a number of scenario building blocks characterized by 

fixed elements (e.g. geometry, technical equipment) and a set of variables (e.g. emergency type, 

number of persons in the area, smoke concentration, fire intensity, emergency level). 
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 Scenario objectives and elements 

Main goals 

Main goals to be achieved in these scenarios are: 

 

• Detection, evaluation and confirmation of the fire; 

• Determination of the location of the fire; and  

• Provision of assistance and decision support for the airport operator involved in 

evacuation of people.  

 

The first objective is to detect and confirm the exceptional/emergency situation, in this case a 

fire. Confirmation and location of the fire will be obtained automatically in the SOFIA system 

using sensor signals (events) comings from the SCADA and by personnel investigation. Certain 

patterns of events can suggest the size of the fire; therefore, rules will be defined for automatic 

determination of the fire size. Depending on the fire incident, fire mitigation actions can be taken 

automatically. However, for more crucial decisions such as evacuation of the area and fire 

suppression activation, fire confirmation by airport personnel from incident site is needed.   

 

Airport personnel are trained to perform in exceptional and emergency situations. Airport 

emergency plan determines how they should react and communicate with the operation center. 

Emergency procedures specify patterns of behaviour and if the personnel are not acting 

according to that pattern it poses a much greater risk for the CI and safety of people. Therefore, 

emergency procedures will be, as much as it is possible, implemented in a form of rules that 

mitigate the risk of human factor.  

 

In addition, as a part of the risk assessment processing, the SOFIA system will consider how an 

incident in one part of the airport building can affect the level of emergency in other parts of the 

airport building complex. To describe this, terms fire sector and area will be used.  

 

The SOFIA system will provide assistance and decision support for the airport operator, as well 

as assistance for people during the self-rescue stage by pointing the right direction and warning 

about unavailable escape paths, unlocking the doors on the evacuation route, etc. 

 

Geometry and layout 

Scenarios will take place in the main Airport building - Terminal T-2 of the Belgrade “Nikola 

Tesla” Airport. Terminal T-2 is primarily intended for passengers on international routes and 

staff working at the airport. It consists of three levels: first floor, ground floor and basement 

(lower level). Within the SOFIA framework we will mainly consider the ground floor and there 
especially the following relevant parts:  

 

• Sorting room (for departing baggage): occupied by few personnel, has 3 power racks that 

could cause fire, has 38 fire detectors and is surrounded by fire resistant walls; 



 

3 
 

• Restricted area: composed of airport personnel offices (8 rooms, each has one fire detector) 

and there are 6 fire detectors in the hall of this area; 

• Passport control for passengers entering the Republic of Serbia: 15 fire detectors, 13 small 

rooms, each with a small fire detector, 2 evacuation choices, maximum number of people 

is 350, constant police presence; 

• Main hall (east hall): around 40 fire detectors scattered across approximately every 7 to 9 

meters, one evacuation route to the main entrance/exit. 

 
Figure 1. A schematic presentation of sensors in a part of the ground floor of airport building 
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The areas in the ground floor belong to one of the three fire sectors. Fire sectors are parts of the 

building that are separated by fire resistant walls. The passport control, the restricted area (rooms 

39 to 46) and the main (east) hall belong to one fire sector, while the sorting room belongs to 

another. This separation is disturbed by baggage handling lines going from the check-in desks in 

the main (east) area to the sorting room in the ground floor. Because of this, water curtains are 

installed on the baggage handling lines at the border of fire sectors.  

 

Available equipment (location and characteristics) 

Automation systems in large facilities like airports are equipped with a lot of different lower and 

middle level devices, which are usually clustered according to functional, location and 

hierarchical criteria into several distinct segments. From the aspect of fire protection, each 

segment is defined as an area bounded by fire-resistant constructions (fire-resistant walls, doors, 

etc). Each segment can be further divided into sectors that are disjointed by another set of fire 

resistant walls. Red lines in Figure 1. A schematic presentation of sensors in a part of the ground 

floor of airport building, for example, represent walls that are fire resistant for 120 minutes. 

Sectors are equipped with sensor devices that belong to different subsystems. Each sensor device 

can be seen as corresponding data source that sends out relevant information/signals for further 

processing and evaluating. Devices are connected via Remote Terminal Units (RTUs) to the 

SCADA system. 
 

Technical equipment relevant for the Airport fire scenario includes:  

• fire detectors: smoke or temperature devices that send a signal that can be associated with a 

fire event;  

• ventilation system: a system that controls the air flow through the building, which is 

important since fire needs oxygen to burn. Ventilation system network is present in every 

part of the airport;  

• smoke extraction system: used to extract smoke in order to enable people breathe and see;  

• elevator funnel overpressure: keeps smoke from spreading through the elevator funnel;  

• water curtains: provide a fire barrier at the places of penetration of fire resistant walls 

between fire sectors (e.g. where baggage handling line goes from one fire sector to 

another). They are located at several places at the border (on the fire resistant walls) 

between sorting room and neighbouring areas;  

• emergency lighting: points to evacuation paths so that people would know how to get to 

the exits.  

 

Scenario elements 

“Structural fire and explosions” is the most complex terminal emergency scenario. Analysing the 

“Structural fire and explosions” scenario in top-down manner the following scenario elements 

were identified:  

• Business processes that reflect the standard management practice at exceptional and 

emergency situations at airports (ICAO Safety Management Manual [ICAO, 2009], 

Annex 14 to the Convention on International Civil Aviation [ICAO, 2004]); 

• Business sub-processes that are constitutional elements of the main emergency 

management process such as Fire detection and evaluation, Situation assessment, Risk 

assessment, Evacuation management, and other; 
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• Trigger events such as Fire alarm that comes from temperature and smoke sensors,  Fire 

suppression failure that requires changes in the fire suppression activities or Door stuck 

event that calls for changes in the evacuation strategies; 

• Simple and complex actions that have to be executed automatically or semi-automatically 

as responses to the trigger events; 

• Actors (either human or computer components such as SCADA system and SOFIA CEP 

engine). 

General scenario description and characteristic 
 

Depending on the international and national regulations, as well as characteristics of the airport, 

each airport defines an Airport Emergency Management Plan that specifies in detail how people 

and property will be protected in disaster and disaster threat situations. Following the ICAO 

recommendations (see http://www.icao.int/, ICAO Safety Management Manual [ICAO, 2009] 

and Annex 14 to the Convention on International Civil Aviation [ICAO, 2004]), an emergency 

scenario in general has three stages which correspond to three alert levels, e.g., ALERT 1, 

ALERT 2 and ALERT 3. In a fire scenario, for example, ALERT 1 is raised by the first fire 

detection. In this phase, area warden is sent to check and report on the alarm, after which the 

emergency is either cancelled (in case of false alarm), or mitigation and response measures are 

taken (in case of a real threat). In our concrete scenario this phase does not last long (around 1 

minute). When fire is confirmed and its severity considered as, for instance, moderate, ALERT 2 

is raised and fire mitigation actions are started. ALERT 3 will be raised if fire severity is major 

and large scale actions are needed.  

 

Scenario operational modes 

SOFIA scenarios will consider three different operational modes:  

•  Normal (ALERT 1): this mode is active when there is a normal passenger flow and 

schedule, main equipment is performing at nominal state and there are no particular threats 

or significant works; 

• Exceptional (ALERT 2): active in cases of increased passenger flow, lack of staff, limited 

conditions due to natural causes, major construction works, etc.; 

• Emergency (ALERT 3): in case of a fire, aircraft crash, bomb threat, explosions, etc.  

 
Main activities in normal conditions are:  

• Monitoring of technical systems; 

• Immediate resolution of alarm or disturbance (each alarm is presented to the operator); 

• Resolution of previously disregarded alarms (if a normal condition is restored after 

exceptional or emergency condition). 

 

In exceptional mode the focus is on:  

• Technical system monitoring with strong accent on systems relevant for safety of people; 

• Immediate resolution of time-critical alarm (some minor problems can be disregarded until 

the restoration of normal conditions); 
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• Resolution of previously disregarded alarms (if an exceptional condition is restored after 

emergency condition); 

• Personnel are on standby. 

 

During an emergency main activities are:  

• Only monitoring of equipment relevant for safety of people and equipment; 

• Only alarms relevant for dealing with the emergency are presented to the operator; 

• All personnel is notified and in action. 
 

 

S1 – Fire scenario  Alert Level  

  Alert 1 Alert 2 Alert 3 Alert 2 

S1.1 Fire incident Fire - 

Minor  

     

S1.2 Structural fire 

accident with 

evacuation 

Fire - 

Minor 

Fire - 

Moderat

e 

Fire -Large  Evacuation Medical care 

of injured 

 Reconstru-

ction 

S2.1 Bomb threat Bomb - threat     

S2.2 Bomb attack  with 

Explosion 

Bomb - Explosion Fire -Large Evacuation Medical care 

of injured 

Reconstru-

ction 

S3.1 Spill of hazard 

material 

Hazard - threat     

Table 1. Scenario operational modes 

 

Scenario main actors 

Role models that are considered relevant for implementation and testing of the SOFIA system 

are:  

 

• Operator at Control Room  

• Emergency Manager (Deputy Emergency Manager) 

• Other stakeholders (Security Officer, Fire Officer, Police Officer, Anti-diversion Expert) 

• SOFIA Designer of emergency scenarios 

• Administrator of SOFIA system 
 

A schematic representation of a scenario workflow is given in Figure 2. 
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Figure 2. Fire Scenario Workflow – UML sequence diagram 
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Detailed examples of the Fire scenario  
 

Initial conditions  

Initial conditions provide appropriate initial values for all system-defining parameters. 
Initially we will assume that all relevant equipment is working properly. Evacuation of the 

passport control is one of the major challenges, therefore, we will define a scenario in which 

this area needs to be evacuated. We will assume that the number of people present in this area 

at the moment of the emergency is close to the maximum of 350.  

 

Number of people 

and their location 

Lobby in front of the passport control 250 

Staff in passport control 10 

Lobby behind the passport control (lobby 52) 30 

Restricted area (rooms 39-46) 10 

Sorting room 0 

Staircase 20 

Location of the 

incident 

Sorting room 

Operating condition of 

equipment 

Normal 

Table 2. Initial conditions 

 
Fire incident 

Step Description time Alert 

level 

Rules 

1 Baggage handling lines located in the sorting room are 

blocked (possible reason malfunction/explosion) 

400-

2100ms 

 

None - 

2 Fire starts in the sorting room (cased by the baggage 

handling line malfunction/explosion); 

2150ms None - 

3 Two fire detectors in the sorting room go off 3500/ 

4100ms 

Alert 1 - 

4 SOFIA system detects a fire and raises the alarm 4500ms Alert 1 6,7 

5 Operator and airport personnel are alerted 5000ms Alert 1 ? 

6 Another fire detector in the sorting room goes off 6000ms Alert 2 19, 20 

7 Airport personnel arrives and manually suppresses the fire 

(no need for evacuation); 

32000ms None - 

Table 3. Fire incident 

 

Structural fire accident with evacuation 

Step Description time Alert 

level 

Rules 

1 Baggage handling lines located in the sorting room are 

blocked (possible reason malfunction/explosion) 

400-

2100ms 

 

Alert 1 -

operatin

g alarm 

- 

2 Fire starts in the sorting room (cased by the baggage 

handling line malfunction/explosion); 

2150ms Alert 1 

– 

operatin

g alarm 

- 

3 Two fire detectors in the sorting room go off 3500/ 

4100ms 

Alert 1 

– fire 

- 
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alarm 

4 SOFIA system detects a fire and raises the alarm 4500ms Alert 1 6,7 

5 Operator and airport personnel are alerted 5000ms Alert 1  

6 Four more fire detectors in the sorting room go off 6000-

12800ms 

Alert 2 19, 20 

7 Fire mitigation is started   24 

7.1 Ventilation shutdown is activated   25 

7.2 Smoke extraction is activated   25 

7.3 Inergen is activated   25 

8 SOFIA system asks operator to prepare EOC 13000 ms Alert 2 29 

9 SOFIA system notifies fire department  Alert 2 30 

10 SOFIA queries evacuation equipment state  Alert 2 34 

11 SOFIA starts evacuation route finder with given input 

parameters (equipment state, areas jeopardized by fire) 

 Alert 2  

12 Simulator is started to calculate smoke propagation and 

simulate evacuation (based on the optimal evacuation path 

suggested by the route finder) 

 Alert 2 50 

13 Airport personnel arrives and tries manually to suppress 

the fire (no success) 

 Alert 2 - 

14 Simulator output is ready – simulator detects smoke 
propagation direction, no fatalities detected 

53000ms Alert 2 51 

15 SOFIA system asks operator to approve start of 

evacuation 

 Alert 2 33 

16 Operator approves the evacuation  Alert 2 34 

17 Evacuation procedure is suggested to the operator  73500 ms Alert 2  

18 Evacuation procedure  is confirmed by operator  Alert 2 - 

20 SOFIA system brings elevator to safe floor  Alert 2 32 

21 Fire spread prevention is activated  Alert 2 - 

21.1 Ventilation mode changed for lifts  Alert 2 26 

21.2 Activate self-closing door  Alert 2 27 

21.3 water curtain activation after sprinkler activation  Alert 2 28 

22 Increase risk for neighboring areas  Alert 2 47, 48 

23 Nevertheless fire is further spreading    

24 SOFIA system detects that fire is spreading across the 

sorting room 

73900ms Alert 2 ? 

25 Other fire detectors go off (fire keeps spreading across the 

sorting room) 

75700-

78100ms 

Alert 3 19, 20, 

21 

26 Fire detectors go off in rooms adjacent to the sorting room 

(fire keeps spreading) 

80200-

84000ms 

Alert 3 19 

27 SOFIA system detects the major fire and alerts the City 

fire brigade 

85000ms Alert 3 31 

28 SOFIA systems activates EOC  Alert 3 31 

29 SOFIA system asks operator to approve start of 

evacuation 

 Alert 3 33 

30 Operator approves the evacuation  Alert 3 34 

31 SOFIA queries evacuation equipment state  Alert 3 34 

32 SOFIA starts evacuation route finder with given input 

parameters (equipment state, fire, simulator output) 

 Alert 3 34 

33 SOFIA suggests evacuation strategy which does consider 

smoke propagation direction 

 Alert 3 37 

34 Evacuation route is confirmed by operator  Alert 3 - 

35 SOFIA system brings elevator to safe floor  Alert 3 32 

36 Evacuation doors located in the hall of arriving passengers  Alert 3 55 
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are stuck 

37 SOFIA starts again evacuation route finder with given 

input parameters (equipment state, fire, simulator output) 

 Alert 3 55 

38 Evacuation procedure is again suggested to the operator 

(operator approves the evacuation) 

 Alert 3 37 

39 Evacuation route is confirmed by operator  Alert 3 - 

40 Turn on Emergency lighting  Alert 3 33 

41 People are evacuated  Alert 3 - 

42 City fire brigade arrives and fire is suppressed  Alert 3 - 

43  Fire is successful suppressed  NONE - 

Table 4. Structural fire accident with evacuation 

 

Conclusion 
 

This technical documentation specifies different scenarios for emergency management at 
airports aimed at testing the SOFIA Airport facility management prototype in safety-critical 

situations. 
 

In order to be aware of the current safety condition of the infrastructure, an operational mode 

is used. The operational mode is determined based on the current risk for persons or for the 

infrastructure and required criticality of operators or system actions. System and operator will 

adapt their focus, methods and reactions to the operational mode.  
 

A scenario is described in terms of its constitutional elements, i.e,: 

• Scenario sub-processes - constitutional elements of the main emergency management 

process such as Fire detection and evaluation, Situation assessment, Situation prediction 

and Risk assessment, Evacuation management, and other; 

• Actors either human (Trainee or computer components  of SOFIA system); 

• Trigger events such as Fire alarm that comes from temperature and smoke sensors, Fire 

suppression failure that requires changes in the fire suppression activities or Door stuck 

event that calls for changes in the evacuation strategies;  

• Simple and complex actions that have to be executed automatically or semi-automatically 

as responses to the trigger events. 

  

This specification document will be used for development of the SOFIA simulation and 
training environment for airport personnel.  

References 
• ICAO Safety Management Manual (SMM), ICAO Doc 9859, AN/474, 
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Review of the technical solution 

DEFINITION OF SOFIA APPLICATION 

SCENARIOS FOR THE  

AIRPORT "NIKOLA TESLA" 

 

 

Using UML syntax the emergency scenarios, described in this technical 

documentation, describe in a formal way some procedures specified in the 

Emergency plan of the Airport "Nikola Tesla". The scenarios are specified through a 

number of scenario building blocks characterized by fixed elements (i.e. 2D and 3D 

plans of the airport, airport facilities) and a set of variables (i.e. emergency type, 

number of persons in the area, smoke concentration, fire intensity, emergency 

level).  The scenarios are aimed for implementation in the SOFIA simulation and 

training environment for emergency personnel at airports. 

 

Although specified for the Airport "Nikola Tesla", which is a middle-size airport, the 

scenarios are being defined in accordance with the ICAO recommendations, thus 

make them valuable for implementation elsewhere.  

 

The scenarios reflect also the collaboration aspects in emergency management that 

is essential for establishing joint decision in time-critical situations. 

 

The scenarios relate to ground (terminal) incident that happen inside the airport 

building. Therefore further elaboration is suggested in order to light up the influence 

of aircraft incidents (e.g. aircraft malfunction, aircraft crash ion runway) on running 

airport operations. 
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