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Abstract – Air terminal traffic comprises of aircrafts performing 

landing, departure and taxiing techniques. It is constrained via air 

traffic controller (ATC). To securely arrange this undertaking 

one uses traffic reconnaissance equipment and voice 

correspondence frameworks to issue control clearances. One of 

the most significant pointers of this procedure proficiency is useful 

air terminal limit, which alludes to the quantity of air ship dealt 

with and defers which happened simultaneously. This paper 

shows the idea of air terminal traffic displaying utilizing shaded, 

planned, stochastic Petri nets. On the basis of a case of the air 

terminal with one runway and synchronous departure and 

landing procedures, the pertinence of such models in investigation 

of air traffic procedures is appeared. Simulation tests, in which 

CPN Tools bundle was utilized, demonstrated the effect of the 

underlying development of landing airplane stream on airside 

limit of the air terminal. They likewise demonstrated the 

probability of its expansion by changes in the association of 

departure and landing forms. 

Index Terms – Petri Nets, CPN Tools, Safety, Air Traffic. 

1. INTRODUCTION 

Demonstration of complex frameworks for better 

comprehension is an extremely wide-spread research action 

and specialists are attempting to show an ever increasing 

number of complex frameworks. Several tools have also been 

developed for this purpose and Petri Net [1] is one of such tools 

used for quite some time to model various asynchronous 

systems. Aerospace network is considered as a very complex 

system and appropriate modeling of it to avoid collision and 

adverse weather conditions is of very high importance. In our 

research work, we have utilized Petri net to show air traffic 

system to avoid collision and other fiasco identified with mid-

air mishaps. 

2. AIR TRAFFIC MODEL 

In this paper active elements of the transport system are 

studied, dealt dynamically [2], during the realization of their 

task - that is, the traffic processes. It is expected that the reason 

for the demonstrating is the air terminal's airside limit. The 

most important motive of the European Sky Concept is to 

increase capacity and also its accurate evaluation. 

 

3. METHODOLOGY 

The air traffic procedure incorporates the hierarchical 

principles, guidelines and measures to guarantee the well-being 

of all traffic members. These areas of the traffic methodology 

are depicted by its term. In this system, there are time 

allotments in which aircraft move in an organized manner, 

according to standard techniques. The procedure is dynamic, 

yet in those timeframes there are no events impacting the 

degree of safety, for instance, altering speed or direction are 

arranged, as per the requirements coming about because of 

attributes of foundation parts and customized to the exploited 

qualities of the vehicles. Between these pieces there are traffic 

occasions which are extracted while the extent of the 

investigation. For this situation these occasions are 

characterized as affecting security of traffic. The previously 

mentioned occasions may have the idea of conditions, which 

logical value can be assessed. For this situation they are 

represented by a Boolean true or false. They may likewise have 

a nature of a specific procedure, mostly short-lived. For this 

situation, the event will be constituted by its type, yet 

additionally by duration. This way to deal with the traffic 

procedure permits the utilization of Petri nets for demonstrating 

it. Stable traffic circumstances compare to places in the net, 

traffic occasions – to changes. Tokens in spots can be 

recognized as traffic members or states of environment. The 

accompanying system of air traffic forms investigation as far 

as Petri net components was embraced:  

 The set of spots P compares to traffic circumstances, in 

which a plane can be found during normal traffic. 

 The set of advances T relates to the arrangement of 

occasions (activities) that change the traffic circumstance, 

especially influencing the security operation.  

 The input function I characterizes the traffic 

circumstances that decide event of specific occasions, 

output function O characterizes what occasion (activity) 

must occur to change the status of the examined system, 

and the inhibitor function H determines the traffic 

circumstances that must not exist to specific occasions 

which can take place.  
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 The initial marking M0 characterizes the traffic 

circumstance wherein we start the investigation, and the 

present checking M portrays the present condition of the 

framework. 

4. OBJECT OF MODELLING 

In this study the modelled system is an airport with one runway. 

There is one taxiway leading to runway threshold that is used 

by all aircraft. If it is impossible to perform the takeoff 

procedure immediately after finishing taxiing – aircraft wait at 

the end of taxiway before entering the runway. The takeoff 

sequence results from the order of reaching the waiting point 

on the FIFO rule.  In the case of a landing procedure, the scope 

of analysis includes final approach, starting from the fourth 

mile from runway threshold, up to aircraft exit into the taxi- 

way. Runway occupancy time is dependent on the type of 

aircraft. It was assumed that in the modelled system there are 

three categories of aircraft. For each of them runway is 

equipped with a dedicated rapid exit taxiway. Should it be 

impossible to maintain the necessary separation at the second 

mile from the runway threshold, model provides the execution 

of missed landing procedure. 

5. DEFINITION AND APPLICATION 

I.    Petri net is a modeling method that comprises of points, 

transitions and arcs guided from either points to transitions or 

transitions to points, representing flow relations. Pictorially, 

places are drawn as circles and transitions as boxes or bars 

(Figure 1). Arcs are labeled with weights. Labels for unity 

weights are generally not given. A spot from which a 

directional arc advances to a transition is called input spot of 

that shift. A spot, to which there is a coordinated arc from a 

transition, is called output spot of that shift. A Petri net is 

provided a state by denoting its occurrences with tokens. The 

M marking is a function that relegates to each place a non-

negative integer depicting a number of tokens at that place. In 

graphical portrayal, black spots in circles indicate tokens. Petri 

Nets may formally be defined as:- [3] 

A Petri net is a 5-tuple - (P, T, F, W, M0) where: 

P = {p1, p2, . . . , pm } is a finite set of places, 

T = {t1, t2, . . . ,tn } is a finite set of transitions, 

F ϵ (P x T) U (T x P)} is a set of arcs (flow relations), 

W: F → {1, 2, 3, . . .} is a weight function, 

M0: P → {0, 1, 2, 3, . . .} is the initial marking, 

P ∩ T= Ø and P U T ≠ Ø. where, (P x T) and (T x P) denotes 

the ordered pair of sets P and T. 

By changing distribution of tokens on places the occurrence of 

events (transitions) may be reflected. The flow of tokens in 

Petri net is governed by the following rules. A transition t is 

said to be enabled if each input place p of t contains at least the 

number of tokens equal to the weight of the directed arc 

connecting p to t. A firing of an enabled transition t removes 

from each input place p the number of tokens equal to the 

weight of the directed arc connecting p to t. It also deposits in 

each output place p the number of tokens equal to the weight 

of the directed arc connecting t to p – giving a new marking. 

There are also some high-level Petri nets – timed Petri net, 

colored Petri net etc. 

II.    Other than these, Petri nets have been effectively 

connected in demonstrating and execution investigation of 

communication conventions, flexible manufacturing 

frameworks, sequence controllers, distributed database 

frameworks, multiprocessor frameworks, defect tolerant 

frameworks, programmable rationale and VLSI arrays and so 

forth. Utilizing Petri nets dynamic conduct of the frameworks 

can likewise be contemplated. 

6. AIR TRAFFIC CONGESTION PROBLEM 

The air route framework comprises of air ship, air terminals, 

aviation routes and airspace. Airspace is isolated into 

segments; every part is overseen by a few controllers. Every 

segment has a limit threshold that a most number of air ship 

that can fly over a same period of time in ordinary climate 

conditions with a separation of even partition standard 

somewhere in the range of 5NM and 8NM (1NM = 1.852Km). 

Every airplane has its very own flight plan before take-off from 

the air terminal of takeoff. A flight plan is the arrangement of 

guidelines on the booked date of takeoff, air courses, and the 

segments that must be past and other data identified with 

attributes of the air ship (speed, flight height, the quantity of 

staff commander). Troublesome climate has decreased the 

capacity of segments, for example, airspace; accordingly 

changing the flight plan has turned out to be fundamental. 

Example 1. The air traffic framework portrayed in figure 1 

includes two planes a and b taking off respectively from air 

terminals A and B to arrive at air terminal C. Assume that in 

their underlying flight plans, the two planes take off 

simultaneously and fly over the sectors S1 and S2. Assume 

additionally that adverse climate influencing area S1 decreases 

its ability to just one plane. New flight plans should 

subsequently be created in order to regard the space-time 

imperative identified with the sector limit. In such manner here 

are a portion of the choices that can be imagined: 

- Both planes take off at the same time but plane a is rerouted 

on sectors S3 and S2 in order to avoid S1;  

- Both planes take off at the same time but plane b is rerouted 

on sectors S4 and S5 in order to avoid S1;  

- Plane a is delayed until plane b traverses sector S1;  

- Plane b is delayed until plane a traverses sector S1; 



International Journal of Emerging Technologies in Engineering Research (IJETER)   

Volume 7, Issue 10, October (2019)                                                                       www.ijeter.everscience.org  

  

 

 

ISSN: 2454-6410                                               ©EverScience Publications       15 

    

 

Figure 1: Air traffic example 

The re-routing of the air ships is finished by the Air Traffic 

Controlling group (ATC). The ATC is in charge of making air 

tracks for various flying machines called the organized track 

system or OTS, which is structured by certain geo-positioning 

coordinates, and each flight is relied upon to pursue their 

assigned air tracks. The ATC picks the best course between two 

called the "incredible circle line" yet flights frequently stray 

from the course because of specific reasons:  

 Air Traffic congestion that needs re-routing of planes 

through an alternate passageway  

 Adverse climate conditions  

 No diversion air terminals present 

In specific cases such as congestion the pilot can turn its way 

to take another course in the same sector since there are many 

air tracks in a single area dependent on planned offsets - 3 

principle lines in particular one main line and one or 2 miles 

towards the right and it can't increase more than 2NM on the 

right from the center line. The arbitrary route taken needs a 

reasonable OTS as well and on the off chance that that plane 

isn't following an OTS because of some crisis, at that point it 

needs to connect somewhere with an OTS. When the clog is 

cleared the pilot can continue the best course again for example 

the first air track. 

 

 

The Petri net is to be designed in a way to represent congestion 

‘token’ should trigger a transition t1 leading to a ‘token’ re-

route plan consequently leading to a token ‘plane take new 

route’. If the sector is clear of congestion then it shows 

‘clearance’ token triggering transition t3 leading to token 

‘plane in designated sector’. 

 

Fig 2:  Simple Petri net showing clearance for sectors 

7. CONCEPT OF AUTOPILOT IN AIR TRAFFIC 

CONTROL 

Autopilot is a system that is used to control the trajectory of an 

aircraft without constant ‘hands-on’ control by a human 

operator being required and can fly the plane from departure 

point to arrival airport. It helps to focus on the broader aspects 

of operation such as monitoring trajectory, weather and 

systems. It hugely relies on a series of sensors that are 

implanted around the aircraft which picks up information like 

speed, altitude and turbulence. The data is ingested in the 

system and the autopilot mode makes the necessary changes 

required in the automation. A standard procedure that needs to 

be followed during turbulence is autopilot mode during clear 

air turbulence. Turbulence is classified in two types:- 

 Clear air- The most common type of turbulence which 

is easily automatically manageable  

 Wake turbulence- Very rare and quite dangerous and 

needs manual control 

 

Fig 3: Petri net representing autopilot controls in different 

weather conditions 
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8. COLLISION AVOIDANCE 

Midair crashes of air ships can be controlled with the assistance 

of numerous procedures and devices. The most significant 

criteria is the recognition of different planes in the specific part 

wherein the present air ship is cruising. This recognition should 

be possible in following manual and programmed ways:- 

i..  For the communication of pilots with the ATC, the 

controller doles out a frequency to the pilot dependent on his 

elevation; for instance if the flight is to make a trip from 

Rochester to Buffalo, the frequency allotted to pilot is from 

Rochester takeoff ATC dependent on a height 10,000ft or 

below. In the context of accomplishing a higher height the 

Buffalo ATC is reached out for the following frequency. 

Presently different planes in the same area likely are on a 

similar frequency and they can find out about the whereabouts 

of different planes that are answering to same controller in the 

same sector for example their position,  

ii.   Flights which are out of radar inclusion and need to know 

the coordinates and height of different planes in their zone 

without the assistance of ATC can depend on the computerized 

arrangement of Traffic Collision Avoidance System (TCAS) 

which is a collision alert system that aides the pilot with data 

of different planes if present around the safe peripheral region 

of the plane and triggers a warning or risk signal. 

iii.    There are numerous sorts of detachment between planes 

such as vertical and horizontal separation. Horizontal 

separation is grouped in three classifications which are 

procedural, lateral  

iv.    One of the tried and tested techniques for identifying an 

air ship in the region physically is by the acknowledgment of a 

color band. A band of fluorescent orange is tied around the nose 

area of the airship and an equivalent band is tied around the 

AFT segment of the fuselage. The wing tips are painted to be 

detected by another approaching aircraft from a separation. 

v.     The use of proximity indicators work too in sparsely dense 

areas. The proximity warning indicator goes off when it detects 

a plane in the vicinity of the safe proximal boundary of the 

aircraft giving off an alerting signal to notify that a plane is at 

a specified distance. With advanced electronic complexities 

can inform about the relative bearing of the approaching 

aircraft. But this indicator goes off continuously in dense areas. 

 

Fig 4: Petri net showing TCAS adjustments 

vi.     A very unpopular form of increasing the conspicuousness 

of planes can be done by the generation of contrails. Contrails 

are formed when water vapor that is vented out off the exhaust 

of aircrafts condenses and freezes around the aerosols of the 

aircraft. 

 

Fig 5: Final Petri net Model 

 

9. SPEED CONTROL 

At the point when the TCAS is initiated, the pilot can modify 

its rise or the speed can likewise be changed. Various air ships 

have diverse speed confines however the basic speed limit to 

be kept up in aviation is 288 miles/hr or less when under the 

height of 10,000ft which falls under the class B airspace level. 

The most extreme speed and elevation that can be achieved by 

an airplane relies upon the aircraft; for instance, Boeing 747 

that is a large aircraft has a cruising rate of 575 miles/hr at an 

elevation of 35,000ft. These speed limits, elevation height is 

upheld by the ATC, and they can screen the speed limits of 

these air ships in confined aerospace. 

The standard terms used to characterize velocities significant 

or valuable to the operations of all air ship are called V speeds 

which are derived from information acquired via air ship 

designers and manufacturers during flight testing and 

confirmed in many nations by government flight assessors 

during airplane type-certification testing. All in all, flying air 

ship, the most regularly utilized and most security basic 

velocities are shown as color-coded arcs and lines situated on 

the facade of an airplane's airspeed marker. The lower parts of 

the green arc and the white arc are the slowing down speed with 

wing folds withdrawn, and slowing down speed with wing 

folds completely expanded, respectively. These are the stalling 

speeds for the airplane at its most extreme weight. The yellow 

range is the range where the aircraft might be operated in 

smooth air, and later with caution to avert from sudden control 

movement, and the red line is the VNE, the never exceed speed. 

In the event of some obstruction experienced in midair and the 

pilot needs to control the speed promptly he/she can apply the 
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air powered brakes or the spoilers so as to decrease the speed 

in a crisis. Air brakes are a kind of flight control framework 

utilized on an air ship to increase drag or increment the angle 

of approach during landing. Spoilers are intended to diminish 

lift on a wing and they increment the drag helping the plane to 

slow down yet just until the minimum control speed (Vmc). 

The minimum control speed is a V-speed that indicates the 

calibrated speed below which directional or parallel control of 

the aircraft can never again be kept up, after the failure of at 

least one motors. The VMC possibly applies if in any event one 

engine is as yet operative, and is incorporated into the air ship 

flight manual of all multi-engine air ship. Minimum control 

speeds are commonly settled by flight tests as a major aspect 

of aircraft certification process. They give a manual for the 

pilot in the safe operation of the air ship. 

At the point when an engine wing stops operating, and the 

corresponding opposite motor is creating maximum thrust, the 

thrust distribution on the air ship becomes asymmetrical, 

bringing about an enormous yawing toward the botched 

engine. In this circumstance the higher the speed of the airship, 

the simpler it is to check the yawing moment with the rudder 

or ailerons. The minimum control speed is the velocity below 

which the power the rudder or ailerons can apply to the air ship 

isn't huge enough to neutralize the asymmetrical thrust yawing. 

The Petri net represented demonstrates the control of the speed 

on obstruction in midair. 

 

10. MEASURES 

At the point when the TCAS is initiated the pilot can modify its 

height or the speed can likewise be changed. Various air ships 

have distinctive speed constrains however the basic speed limit 

to be followed in aviation is 288 miles/hr or less when under 

the elevation of 10,000ft which falls under the class B airspace 

level. The most extreme speed and height that can be achieved 

by an air ship relies upon the air ship; for instance Boeing 747 

which is a large stream flying machine has a cruising pace of 

575 miles/hr at an elevation of 35,000ft. These speed limits, 

elevation height is implemented by the ATC, and they can 

monitor the speed limits of these airships in restricted 

aerospace. 

11. FUTURE REQUIREMENTS AND OPPORTUNITIES 

The evolution of the ATC system will be influenced by changes 

in user demand, market forces, and regulatory policy, as well 

as the availability of new technologies and the possibility of 

applying them to achieve greater effectiveness of the ATC 

system through higher levels of automation. In many cases 

there are several ways of meeting specific needs, and the choice 

of which path to take will reflect a combination of 

technological, economic, and policy considerations. In general, 

however, prospective changes in the system will be dictated by 

three related technical requirements: 

 Replacement of obsolete equipment, which will become 

increasingly difficult to maintain and repair, with more 

modern equipment that offers higher reliability and 

might also provide greater flexibility, higher capacity, 

or lower costs 

 Increment of system capacity so as to accommodate 

growth when and where it happens, by improving the 

administration of existing assets where attainable and 

by including new assets where important 

 Expansion of new capabilities so as to support upgrades 

in proficiency and profitability via automating more 

operations and by presenting features that make it 

conceivable to exploit enhancements in avionics and 

other recently accessible innovations. 

Advances in innovation have expanded the quantity of choices 

that could meet these necessities. Computers will likely accept 

jobs of expanding significance, both in air and on the ground, 

since they present chances to build effectiveness, profitability, 

or capacity by calming human members in the arrangement of 

routine errands, by encouraging human choices, and by 

improving the practicality and nature of data. Subsequently, the 

human administrator's job will turn out to be more that of a 

manager of system assets than that of an immediate controller 

of air ship. Communications will likewise be a basic 

component, and digital communications between machines 

(Computers and different aeronautical devices) will be in any 

event as significant as voice communications between people. 

Future frameworks, along these lines, may need to 

accommodate at least one rapid information connections of 

adequate ability to deal with the enormous volumes of 

information and messages that will be produced. Collision 

avoidance will get expanding consideration as the volume of 

traffic develops, and both route and landing aids may need to 

be redesigned so as to maintain safety and improve the 

effectiveness with which aviation routes and air terminals are 

used. 

 

Fig 7: Shows the Air Traffic Control System 
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The advancement of microelectronics has been an essential 

source of extended technological scopes for the ATC 

framework. Data-processing abilities would now be able to be 

custom fitted to meet for all intents and purposes any 

computational necessity, hardware expenses have fallen, and 

reliable quality keeps on expanding. The ATC framework 

established is exceptionally labor-intensive; and since the 

PATCO walkout, the framework has continued working with 

an enormously decreased work power just by administratively 

constraining traffic. Observers have recommended that the 

present circumstance exhibits a chance to audit the essential 

structure of the framework and to apply new innovation in 

order to make it less labor induced and less dependent on the 

activities of a particular group inside the work power. 

Computer programmed figures in the present ATC framework 

and will have a considerable role later on as the requirement for 

new capacities grows. Numerous frameworks identified with 

the security of flight, both ground based and air-borne, will be 

"software driven," in that the processing of sensor information 

and the generation of presentations will be more reliant on 

programs. Procedures running on various PCs will 

communicate directly with each other. There will accordingly 

be a requirement for frameworks with the capacity to recognize 

blunders and to make compensator move automatically. 

Present ATC programming utilizes a mix of computer 

languages, yet new significant level dialects that are currently 

accessible and those that will be created later on may make it 

simpler and economical to implement, change, and maintain 

ATC programming. 

At the point when there is a computer failure in the present 

framework, the controllers can return to manual techniques and 

keep traffic streaming. In any case, experiments with highly 

automated computerized frameworks have demonstrated that 

traffic levels can arrive at a point that, however well within the 

capacities of the auto-mated framework, is past the point where 

they can be taken care of manually. At these traffic levels, 

controllers experience significant trouble in returning to 

manual activities during computer failures. This proposes 

despite the fact that computer technology offers guarantee for 

the future, there might be a point of no return after which the 

commitment to computerization is absolute—the main 

reinforcement framework for a profoundly automated ATC 

framework is another exceptionally mechanized framework. 

Diminishing size and expenses of computers additionally 

mean, that data preparing ability can be found anywhere in a 

system, and that excess can be given where outstandingly high 

degrees of dependability are required. Microprocessors have 

turned out to be necessary components of aircraft 

instrumentation, and modern airship can and do convey 

broadly useful computers that can be utilized for an assortment 

of applications, for example, flight management, preparing 

digital correspondences with the ground or other airplane, 

updating the route framework, creating alternative local flight 

plans, or driving multifunction cockpit shows that replace 

several electromechanical instruments. The presentation of 

these airborne abilities implies that ATC capacities need not be 

completely inhabitant in ground based Computers. Thus, it may 

be conceivable to improve framework activity and security by 

redistributing these capacities among the different members in 

the ATC procedure. A large number of these capacities will be 

basic to the security of flight and, in this way, the PC based 

frameworks that perform them will fall inside the airworthiness 

certification program of FAA. An ATC framework that places 

more data and capacities in the cockpit will likewise require 

changes in communication system. As ATC computerization 

turns out to be increasingly far reaching and progressively 

incorporated into the framework, digital information 

communication will come into more noteworthy use. 

Transmissions coordinated to a particular collector—the 

guideline hidden the proposed Mode S data link portrayed 

later—would encourage communication between ground-

based and airborne PCs. They would likewise enable a 

computer to proceed with different functions once it 

understands that it isn't the planned recipient, a component that 

expands the effective limit of a processor. The limit required 

for information links between ground offices would likewise 

need to increment. While phone and other ground connections 

are utilized at present, point-to-point satellite stations may give 

an option later on. Satellites could likewise be utilized for 

aeronautical navigation and observation. Independently or in 

constellations, satellites with exact sensors and computational 

capacities can be utilized to decide airship's position and 

transfer the data to other airplane and ground stations. Satellite-

based crash evasion frameworks have been proposed. 

Enormous satellites that help various capacities are likewise 

being considered for civil aviation, notably in the Aerostat 

arrangement of the European Space Agency. The unwavering 

quality and life span of satellites are high and liable to 

increment later on. The space shuttle makes it conceivable to 

recuperate, to revamp, and relaunch satellites, or even make 

fixes while in orbit. In any case, the lead times for booking 

transport payloads will block its utilization in reacting quickly 

to unexpected crises. 

12. CONCLUSION 

This paper shows a controlling the Air traffic utilizing Petri 

nets. This model takes into consideration simple and getting 

productive dependable outcomes. As the tool compartment 

grants to ponder the event chart of model execution, check of 

the proper accuracy of created models was likewise performed. 

The consequences of reenactment investigations lead to some 

fascinating ends. Airport regulation administrations in 

methodology zone will in general actualize the controller 

supportive networks. 

In agreement to the partition rules. This takes into account more 

prominent number of tasks per unit time, along these lines 
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expanding the limit of the air terminal. It is the reasonable 

disposition, just when the number of taking off airship is less. 

The need of waiting for completing the arrangement of arrivals 

causes huge procrastination in flights, and capacity diminishes. 

The most favored arrangement is to control the progression of 

taking off of airship in such a manner, that initial moment of 

their answering to ATC is arranged in the wake of completion 

of half the landings. Acquired in this way increment in capacity 

arrives at half of the worth determined for the arrival stream 

without forming. Any bigger removal of taking off stream 

decreases the postponement, yet in addition diminishes the 

absolute number of activities per unit time. Also smaller 

relocation expands the waiting time without expanding the 

quantity of activities. In the two cases, no expansion in limit is 

accomplished. 
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