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Abstract: Air Traffic Control (ATC) is safety critical real times service in Air Traffic Management (ATM) where
system correctness is a major concern, and which requires high degree of confidence and targets zero failure rates to
avoid loss of human lives and other disastrous (unfavorable) conditions. The ever increasing volume of air traffic
may cause unwanted delays in the flight during the arrival procedure of the aircrafts. Hence, there is an absolute
need to formally model and verify the arrival procedure of the aircrafts to avoid delays and to assure the controlled
coordination between aircraft and air traffic controllers which are involved in this process. In this paper, we have
modeled the arrival procedure of the aircraft using Petri nets which have been used traditionally as a rationale for
formal specification and verification for such a safety critical systems. The proposed model assures how the
behavior of acting objects affects the overall procedure of arrival management. Moreover, we have verified the
proposed model using coverability tree as an analysis method that ensures the deadlock-freeness and reliability of
the mechanism involved between the aircraft and the air traffic controllers (ramp controllers and ground controllers)
for the arrival of the aircraft.
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1. Introduction regularly reach a tradeoff between efficiency and
Air Traffic Control is a traffic control thoroughness, if they are to be successful [4-6]. With
service governed and regulated by Federal Aviation the increasing air traffic volume, this tradeoff also
Administration (FAA is an agency of United States applied to arrival procedure of the Air Traffic Control
Department of Transportation (http://www.faa.gov/) system. Another problem arises when the aircrafts do
that regulates and overseas the different aspects of not meet their targeted flight times and delays are
civil aviation in the U.S) like any other service in observed in arrival times or there are multiple
ATM. Managing the arrival traffic in ATC system is aircrafts arriving at the same time. The problem is to
one of the most challenging tasks, although different maintain a safe distance between them and direct
automated tools have been used in ATC system that them for safe arrival by avoiding any hazardous
supports the human operators to achieve their situation and safety issues. Many factors that cause
operational goals. These tools are helpful in number safety issues and affect the safety in ATC system
of ways i.e. increasing their exposure with the outside have been discussed in [28] [29].
environment, sequencing plans for arrival and Hence, to counteract the impact of these
departure of the aircrafts, calculating the target times safety hazards the formal analysis and verification of
on a specific point for the aircrafts, finding conflict the safety critical systems is necessary to verify the
free routes, giving the planned instructions for safety properties and to prevent the loss of human
clearance of the aircrafts, alerting restricted areas, lives due to their malfunctioning. There must be
adjusting threshold between runways etc. But inspite some control strategy to formally design and develop
of the presence of these automated tools, these tasks the safety critical systems to investigate the impact of
are heavily dependent on human intervention and rely human intervention on the underlying system and to
on human perception, understanding, decision verify the proper functioning of the mechanism
making and coordination [1-2], thus throwing the involved [7]. Studies show that the formal methods
safety risks on human controllers. According to have been used for requirement specification,
Hollnagel, Woods and Leveson [3], it is the inherited analysis and verification of different aspects of ATC
spirit of the system that makes it safe but in air traffic system i.e. system domain analysis, modeling the
control system, the capabilities and performance human intervention, identifying problems caused by
(right act at right time) of the human controllers human intervention, identifying different components

makes the system safe and reliable. They have to
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of ATC systems, modeling the departure process and
avoiding delays in the arrival procedure etc. [7-13].

We have used Petri nets as a formalizing
technique to model the arrival procedure due to the
discrete nature of the system. Petri nets have great
motivation to be used for the formal analysis and
verification of the discrete event control systems,
distributed systems, concurrent systems, time sharing
systems etc. to identify their functional behavior and
verify their system properties [14-17]. As compared
to other formal methods, Petri nets have the ability to
develop the graphical representation of the system
from the logical sequencing of the system that shows
the flow of information in the system. It provides the
simulation capabilities that are used to verify the
dynamic behavior of the system at any given time
before the implementation. Further, the mathematical
foundation of the Petri nets can be used to make
qualitative and quantitative analysis of the system
properties. Moreover, Petri net have been used as a
formal modeling technique for analyzing the safety
properties and to identify the associated risks in ATC
system e.g. the process of cooperative arrival
planning, modeling human interaction, flight
sequencing plans, conflict resolution etc [1][6][18-
22].

In this paper, we have modeled the arrival
procedure for an aircraft that is a supervised and
controlled procedure (sequence of steps) between

Table 1: Arrival Procedure for an Aircraft in ATC

three acting and controlling bodies (aircraft, ramp
controller and gate controller). The ramp controllers
and gate controllers are air traffic controllers that have
their designated portion in the designated airspace
where they are responsible for managing the air traffic
flow by following basic guidelines and control
instructions given by FAA [23]. The aircraft initiates
the process requesting the ramp controller to enter the
ramp area. The ramp controller acts as a supervisory
control and centralized coordination body that allows
the aircraft to enter the ramp area and sequences it on
the ramp queue. Then the control is transferred to gate
controller which assigns the gate (if available) to the
aircraft and finally passes it from the gate to the exit.
The proposed model verifies the functional behavior
of the underlying system and makes sure that the
arrival procedure follows the guidelines and
controlled instructions regulated by FAA for the
arrival procedure given in [24]. It further assures the
reliability of the system by verifying the safe, sound
and timely arrival of the aircraft. It provides timely
support and coordination between the aircraft and the
air traffic controllers.

The rest of the paper describes the Petri nets
and related concepts in Section 2. It then explains the
modeling of arrival procedure using Petri net model
in Section 3. Section 4 presents the analysis and
verification of the arrival procedure to identify system
properties. Finally, section 5 concludes our work.

Actions Pre-Conditions Post-Conditions
Aircraft The aircraft requests to | 1. Aircraft must be registered. 1.Add the aircraft in those aircrafts
the ramp controller to | 2. The aircraft must have not requested for ramp who have send request to enter the
enter the ramp area. yet. ramp area.
3. The aircraft must be on taxi way.

—

Aircraft The aircraft will enter
the Ramp Area

N

. The aircraft must be registered.
. The aircraft must have clearance to enter the | Area.
ramp area by ramp Controller

1. The aircraft is entered into Ramp

2. Discard Permission to enter ramp
area for this aircraft.

—

Aircraft The  aircraft  will . Aircraft must be registered. 1.Request for gate assignment is
request for  Gate | 2. Aircraft must be in Ramp queue. confirmed by gate controller.
Assignment to Gate | 3.Aircraft must not in the list of aircrafts who have | 2.Gate is assigned by the gate

Controller. already requested for a gate assignment. Aircraft controller.
must not already assigned gate.
Aircraft The  aircraft  will | 1. Aircraft must be registered. 1. Aircraft will be added in queue of
request to gate | 2. Aircraft must not be in the list of Aircrafts who request to pass from gate.

controller to pass gate have applied for request to pass gate.
3. Aircraft must be already be assigned gate.

Aircraft Aircraft will pass from | 1. Aircraft must be registered. 1. Aircraft now pass from the gate.
gate 2. Aircraft is not in pass gate queue. 2. Discard permission for gate pass for
3. Check if the aircraft have permission to pass | this aircraft.

from gate by gate controller. 3.Requesttopush back is cancelled

Aircraft Aircraft Finally | 1. Aircraft must be registered. 1. Aircraft is in set of Reached
arrived 2. Aircraft must be in pass gate queue. Aircrafts.

3. The aircraft must not be in set of aircrafts that | 2. The aircraft is now exited from pass
have reached. gate queue.

Ramp It grants Permission to | 1.The aircraft must be registered. 1. Clearance is granted to the aircraft.
Controller enter ramp is granted | 2.The aircraft must not belong to those aircraft | 2.The request of the aircraft is
to aircraft. which have clearance to enter ramp. discarded to enter ramp area.
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3.The aircraft has already sent request for entering

ramp.
Ramp- It Sequence the | 1.Aircraft must be registered.
Controller aircrafts at ramp area 2.The aircraft must be in ramp area.

3.Make sure that aircraft is not in the ramp queue.

Promote \add aircraft to the ramp
queue.

Gate It assigns gate to the | 1. The aircraft which has sent request for gate | Aircraft is assigned gate
Controller aircraft. assignment must not be assigned gate already.
2.Check the status of the gate if free the gate will be
assigned
Gate It grants the | 1.The aircraft should not already have clearance to | Clearance is given to the aircraft to
Controller permission  to  the pass from gate. pass from gate.

aircraft to pass from
the gate

2.The aircraft must be registered.

2. Definition and Concepts related to Petri nets

In this section, some basic definitions and
notations of Petri nets are described. Further, some
important concepts needed for the rest of the paper are
also discussed in this section.
Definition 1: (Place/Transition-net)[25], [26] a finite
capacity, ordinary place/transition (P/T)-net, is a five
tuple, PN =(P,T,1,0,K,M,) where

P= {pl,pz,...,p‘i,‘} is a finite set of places, |P|>O;
T ={tl,t2,...,tm} is a finite set of transitions,

|T| >0;1:T — Pis the input function which is a

mapping from transitions to the sets of their input
places; O:T — P is the output function which is a
mapping from transitions to the sets of their output
places; K : P — Nu{w} which gives the capacity to
each place; where PNT = and PUT # .

For a transition?; €T, I(¢,) and O(¢;) represent the
sets of input and output places of ¢, respectively. A
place p, e P is the input place of a transition ¢,
if p; € I(¢;) and the output place of ¢, if p, € O(,).
The input and output functions can be extended to

map the set of places P into the set of transitions 7’
such as /:P—>T and O:P—>T . Then, I(p,)

represents the set of input transitions of place
p, P and O(p,) represents the set of output

transitions of place p, e P .

Definition 2: (Firing rule) [25], [26] the firing rule
identifies the transition enabling and the change of
marking. A mapping M :P > NuU{w} is called a
marking of the net if and only if M(p;) < K(p;) for all
p;€P , then for V¢, €T ; ¢, is enabled under
marking M if and only if vp, el(;): M(p,)>1and
Vp; €O(t;): M(p;) < K(p;)-1 The change of

marking M to M'by firing the enabled transition t; is
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denoted by M([z;)M" and defined for each place

M(p,)—1foreveryp, €1(z;)
P €P bY M'(p)={M(p,)+1foreveryp, o(t))

M (p,) otherwise.
Definition 3: (Reachability) [25], [26] A marking M,
is said to be reachable from marking M, if there exists
a sequence of transition firings that transforms M, to
M;. In the case when M, is reachable from M, by
o we write My[o)M . .
Definition 4: (Boundedness and safeness) [25], [26]
for all p, e P of PN (N,M,) , PN is b-bounded

if VM, e R(IM,) : M,(p,)<b and said to be safe
ifM,(p)<1.

Definition 5: (Deadlock and deadlock free) [25], [26]
A transition 7; €T is said to be dead transition at

marking M, € RM(M,) if there is no reachable

marking to make transition f; enabled. A marking
M, € RM(M,) is said to be a deadlock if Vi; €T,
t;is dead. A PN (N, M) is said to be deadlock-free if

and only if there is no deadlock.
3. Petri net Model of the Arrival Procedure for
an Aircraft
We used Petri nets as a formal modeling, analysis
and verification tool to model the proposed
methodology for the arrival of an aircraft in the
airport. Following assumptions have been made while
modeling the arrival procedure.

e Aircraft is already a registered aircraft.

e Pilot, Ramp controllers and Ground Controllers
are aware of all environmental and
configuration settings of the airport and have
knowledge of Arrival procedure of ATC
system [24].

e Pilot, Ramp Controllers and ground controllers
are aware of defined policies and basic rules
regulated by Federal Administration Authority
(FAA) [23].
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e  Air traffic controllers has effective source of
information related to unfavorable
circumstances.

We have developed the Petri net model (see
Figure. 1) for the arrival procedure of an aircraft
using Petri net Toolbox [27]. In Figure 1, key actors
(aircraft, ramp controller and ground controller) are
shown in the form of three objects representing by
three states (Aircraft, Ramp cntrl, Gate cntrl). The
key terms and terminologies about ATC system and
the arrival procedure e.g., Taxiway, Ramp, Runway
etc can be found on [23] [24]. The Places Ramp cntrl,
Gate cntrl are set to an infinite capacity, to show that
there can be more than one objects for ramp
controller and ground controller that coordinate with
the aircraft. We have set the capacity of one (1) for
the rest of the places including the place ‘Aircraft’,

which ensures the safe arrival of the aircraft by not
allowing the simultaneous arrival of the aircrafts.

As the procedure starts, the aircraft must be
on the Taxiway that is shown by place p4. In the
given model, the place with the name Start’ started
the procedure and it is used to ensure that the aircraft
has sent request for the first time. During the arrival
procedure, aircraft is added in different queues i.e.
(request queue for ramp, ramp queue, request queue
for gate assignment and to pass gate and gate pass
queue) according to the scenario. The queues have
been maintained in the developed model using set of
places {p35, p6, pl0, pl1, p12, p15}. All other places
have been mapped to store the results\status of the
preceding transitions (see Table 2 for complete
specification of all the places).
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Figure 1: Petrinet M odel of Arrival Procedure of an Aircraft in ATC

In the proposed model, different transitions
have been mapped to different actions (sending
requests, discarding and granting permission,
assigning and adding in relevant queues) and these
actions are fired by three actors according to the
situation. The set of seven (07) transitions {tl, t4, t7,
t12, t16, t18, t19} have been used to map the actions,
as given in 1(a) and (b) part. These actions are taken
by the aircraft during the arrival process respectively
i.e. requesting to enter the ramp, entering the ramp,
requesting for gate assignment, requesting for gate
pass, passing from gate and finally arrived and exited
from the ramp area. The proposed model ensures the
effective communication between the controllers and
the aircraft by sending acknowledgement\status
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messages at the end of every successful scenario.

In Figure 1, the required actions taken by the
ramp controller (in response to aircraft’s request) to
enter the ramp area is shown by the set of transitions
{t2, t3, t5, t6, t21, t22} (see Table 3 for the
specification of the transitions). The gate controller
coordinates with the aircraft by granting permission
for gate assignment and allows the aircraft to pass
from the gate by firing the set of transitions {t8, t9,
t10, t11, t12, t13, t14, t15, t17}. The transition t20 is
used to transfer control back to the gate controller,
once the aircraft has been added in the request queue
for gate pass. The proposed model ensures the
smooth working and deadlock-freeness of the
procedure involved in the arrival of the aircraft.
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Table 2: Specification of the Places given in Figure |

Places Interpretation Places Interpretation
Aircraft It acts as an aircraft object pll It act as request queue for gate assignment
(D
Ramp cntrl | It acts as Ramp controller object pl2 It acts as request queue to pass gate
(p2)
Gate cntrl ( | It acts as a gate controller object pl3 It stores the status of the clearance for the aircraft
p3) to pass gate.
Start It acts as a start place and ensures that the aircraft | pl4 | It stores the status of gate assignment.
requests for the first time to enter ramp area.
p4 Aircraft is on taxiway pl5 Aircraft is in gate pass queue.
pS It acts as request queue for ramp area pl6 | It shows the request of permission of aircraft is
discarded to enter ramp area
po Aircraft is on ramp area pl7 It stores the status of aircraft to pass from gate
p7 It stores the status of clearance of the aircraft for | pl8 It stores the status of request of aircraft is added
entering the ramp area. in queue to pass from gate
p8 It stores the status of the gate when it is free. pl9 | Aircraft will land
p9 It stores the status of request of gate assignmentis | p20 | It stores the status of Permission is discarded to
confirmed. pushback
pl0 Aircraft is in the ramp queue. p21 It acts as an intermediate place\buffer to store the
request coming from aircraft for passing gate.

Table 3: Specification of the Transitions given in Figure 1

Transitions Interpretation Transitions Interpretation

tl It is used to send request to ramp controller| t13 It shows the request of aircraft is added in the queue to pass gate
to enter the ramp area by aircraft.

2 It shows aircraft has not clearance to enter| t14 It checks the clearance for the aircraft to pass the gate and resulted
into ramp area. in false case means Aircraft does not have clearance already.

t3 It is used to grant permission to aircraft to| t15 It shows permission is granted to aircraft to pass gate by gate
lenter into ramp area controller

t4 It shows aircraft is entered into ramp area t16 It shows aircraft is passed from gate

t5 It discards permission to enter ramp areal t17 It shows Permission is discarded for gate pass to this aircraft and
once aircraft is entered into ramp area ushback request is cancelled

t6 It is used to sequence the aircraft in ramp| t18 It shows aircraft is arrived
queue by ramp controller.

t7 It shows that aircraft sends request for gate| t19 It shows aircraft is exited
assignment.

t8 It shows gate is not free for the assignment 20 It transfers control back to gate controller
to aircraft.

t9 It shows gate is free for the assignment to| 21 It shows aircraft already have clearance to pass gate.
aircraft.

t10 It shows request of gate assignment is| 22 It shows aircraft have already clearance to enter into ramp area
confirmed.

tl1 It shows gate is assigned to aircraft by gate
controller.

t12 It shows aircraft sends request to gat

controller to pass gate
4. Formal Analysis and Verification of the moment. The state space analysis method

Proposed Petri net Model

Formal analysis and verification is a key to
make a comprehensive analysis of system properies
and to assure its correctness and reliability. This
reliability is needed in arrival procedure to avoid
hazardous situations and unwanted delays. It is
needed to maintain the proper sequencing and
planning for arrival between the aircrafts during
flights. The proposed methodology shows that the
behavior of controllers is dynamic according to the
scenerios (see Table 1 for details) at any given

(coverability tree) is used to verify proposed
mothodology given in Figure 1.

The proposed model maintains proper and
effective communication between the aircraft and air
traffic controllers, by transferring valid information.
The modelled system ensures the reliablity by
avoiding to reach a state where no further
communication can be made between the objects
(Aircraft, Ramp cntrl and Gate cntrl) . Second, we
have modeled the system in a way to avoid the
forbidden states which can lead to bugs in the
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proposed model. Moreover, the acting objects
(Aircraft, Ramp cntrl and Gate cntrl) are reactivated
to their initial states according to the result of
previous scenerio to take further actions.

Figure 2  shows the reachability
(coverability) tree of the proposed model of Figure 1.
It is assumed initially, that the aircraft is a registered
and is making first time request to enter the ramp
area and is currently on Taxiway. Hence, the places
‘Start’ and ‘Aircraft’ are marked and is represented
by the initial marking
MO = Aircraft + Start + p4
In Figure 2. following an initial marking MO, the
aircraft sends request to ramp controller to enter the
ramp area leading to the marking M1 given below.
M1= Ramp cntrl + p5

At marking M1, ramp controller takes the
control to check the clearance status of the aircraft,
allowing the aircraft to enter the ramp area
represented by marking M4 (Aircraft + p6). Then
ramp controller sequences the aircraft and discards
permission for this aircraft, once it is on ramp and
transfers control again to the aircraft. This process is
represented by the following markings.

MS = (Ramp cntrl + p16)
M6 = (Aircraft + p10)

The aircraft then requests for gate assignment to
the gate controller represented by the marking
M7(Gate cntrl + p10). Now, the gate controller
takes necessary actions (see Table 1) to assign the
available gate to the aircraft and allows the aircraft to

pass from the gate after making some control checks
for gate clearance and transferscontrol back to the
aircraft. All these steps are represented by the
following markings:

M8 = Aircraft + p10
M10= Aircraft + p11+ p14
M12 = p12+p18 M13 = Gate cnrtl + p12
M14 =pl12 +pl3 M1S5 = Aircraft + p12

M16 = Gate cntrl + p15+ p17 | M17 = Aircraft + p15 + p20

M9 = p8
M11 = Gate cntrl + p21

The marking M19 (dead state\last step) shows
that the aircraft has been finally arrived and exited
(see Figure 2 to see all the reachable markings and
corresponding firing sequence during the arrival
process).

Analysis of the given model, ensures the
safeness property (discussed in Definition 4) of the
proposed methodology as the number of token in
every place remains bounded (less then or equal to
one) for every marking M reachable from initial
marking MO. This further ensures, the reliability of
the mechanism involved by making informed
decisions . The proposed model is deadlock-free,
(discussed in Definition 5), all transitions are
potentially (at least once) fireable that gurantees the
correctness of involved mechanism. It also assures
the effective communication between aircraft and
traffic controller, without creating any bottleneck
during the process.
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Figure 2: Coverability Tree of Arrival Procedure for an Aircraft in ATC
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3. Conclusions

Formal methods have been used to provide a
primary and concrete basis for safety critical and fault
tolerant systems. They have been used to verify the
critical decisions taken for safety critical systems.
Petri nets provide strong basis to verify functional
reuirements and to model dynamic aspects of the
underlying system before actual implementation starts.
Petri nets have been used for the verification of the
system properties to avoid the gaps between system
design and its implementation. We have used Petri
nets to automate the behavior of the arrival procedure
of an aircraft and acting objects before it is deployed
in its working environment. The whole process is
coordinated by the help of air traffic controllers
involved in the arrival processThe proposed model
effectively handled the control decision points, taken
by three acting bodies (aircraft, ramp controller and
gate controller) according to the configuration and
environmental settings observed at that time. The
proposed model avoided the safety issues by not
allowing to reach a state where no further actions can
be taken. Finally, the purposed model was further
analyzed by using coverabiltity tree (reachability
graph) to assure the consistency, correctness and
reliability of the proposed mechanism.

Acknowledgements:

All authors are grateful to University of Central
Punjab and COMSATS institute of Information
Technology, their Librarians and domain experts to
provide timely assistance and guidance for this
research work to be accomplished.

Corresponding Author:

Ayesha Sadiq

Department of Computer Science

COMSATS Institute of Information Technology
Lahore, Pakistans

E-mail: ayeshasadig@ciitlahore.edu.pk

References

1. H. Oberheid and Dirk Softker, Cooperative
Arrival Management in Air Traffic Control -
A Coloured Petri Net Model of Sequence
Planning, In Proceedings of the 29th
international conference on Applications and
Theory of Petri Nets, Springer, pages 348-367,
2008.

2. Hanh, T.T.B. and Hung, D. V. Verification of
an air traffic control system with probabilistic
real time model- checking. UNU-IIST report,

2007.
3. Hollnagel, E., Woods, D.D., & Leveson, N.
Resilience Engineering — Concepts &

Percepts. Aldershot. Ashgate, 2006.

227

10.

11.

12.

13.

14.

15.

Hollnagel, E. The ETTO Principle:
Efficiency-Thoroughness Trade-Off — Why
things that go right sometimes go wrong.
Farnham: Ashgate, 2009.

Stroeve, S.H., Everdij, M.H.C., Blom, H.A.P.
Studying hazards for resilience modeling in
ATM  Mathematical Approach towards
Resilience Engineering in ATM (MAREA).
First SESAR Innovation Days: Ecole
Nationale de [I'Aviation Civile (ENAC),
Toulouse, France, 2011.

Hardy Smieszek. Modeling behavior and
performance of air traffic controllers using
coloured petri nets. Technische Universitit
Berlin, Centre of Human-Machine Systems,
10587 Berlin, Germany, 2012.

S. Yousaf and N.A. Zafar, S.A Khan, Formal
analysis of departure procedure of air traffic
control system, 2nd International Conference
on Software Technology and Engineering
(ICSTE), pages V2-301 - V2-305, 2010.
Johann Horl and Bernhard K. Aichernig.
Requirements  Validation of a  Voice
Communication System used in Air Traffic
Control. An industrial Application of Light-
weight Formal Methods. In. IEEE Symposium
on Reliable Distributed Systems, 2008, pages
95-104, Oct 2008.

M. Jamal and N. A. Zafar, Requirements
Analysis of Air Traffic Control System Using
Formal Methods, Journal of independent
studies and research, Vol. 5, No. 2. 2007.

Ricky W. Butler, Jeffrey Maddalon, Alfons
Geser, and C’esar A. Munoz. Simulation and
Verification: Formal Analysis of Air Traffic
Management Systems: the case of conflict
resolution and recovery, In proc. Winter
Simulation Conference, pages 906-914, 2003.
D. Leadbeter, P. Lindsay, A. Hussey, A. Neal
and M. Humphreys, Integrating the operator
into formal models in the air traffic control
domain, Technical report. November, 2000.

J. Horl and B. K. Aichernig, Formal
specification of voice communication system
used in air traffic control system, Proceedings
of the world congress on formal methods in the
development of computing systems, . Springer,
Volume. 2, 1999.

F. Fung and J .Damir, Formal specification of a

flight guidance system, Technical report.
NASA. 1998.
F. Ahmad, S.A Khan, Module-based

Architecture for Periodic job-Shop Scheduling
problem, Computer and Mathematics with
application, 64(1), 1-10, 2012.

F. Ahmad, H. J. Huang, and X. L. Wang.



Journal of American Science 2013;9(3)

http://www.jofamericanscience.org

16.

17.

18.

19.

20.

21.

22.

Analysis of the Petri net model of parallel
manufacturing processes with shared resources.
Information Sciences, 181, 5249-5266, 2011.
Khan, S.A, Zafar, N.A and Ahmad, F, Petri Net
Modeling of Railway Crossing System using
Fuzzy Brakes, International Journal of Physical
Sciences, 6(14): 3389-339, .2011.

Khan, S.A, Zafar, N.A, Extending promotion
for the management of moving block
interlocking components., International Journal
of Physical Sciences, 6(31), 7262-70. 2011.
Reggie Davidrajuh and Binshan Lin. Exploring
Airport Traffic Capability using Petri net based
model. Expert Systems with Applications,
38(9):10923-10931, Sep 2011.

Liu Changyou and Zhang Li. Modeling and
Simulating on Flight Push-out Conflicts based
on Colored Petri net. In Control Conference
(CCC), pages 5447 — 5452, July 2010.
Shuguang Sun and Keqiang Hua. An Aircraft
Sequencing Approach based on Fuzzy Petri-
net. In  Computational Sciences and
Optimization, 2009. International  Joint
Conference on, pages 1008 — 1011, April 2009.
A. Kovacs, E. Németh, K. M. Hangos.
Modeling and optimization of runway traffic
flow using coloured Petri nets. International
Conference on Control and Automation.
Volume 2, pages 881-886. 2005

M.H.C. Everdij, H.A.P. Blom, and M.B.
Klomp- stra. Dynamically Coloured Petri Nets
for Air Traffic Management Safety Purposes,

01/29/2013

228

23.

24,

25.

26.

27.

28.

8th IFAC Symposium on Transportation
Systems, New York, 1997.

U.S. Department of Transportation, Federal
Aviation Administration, Order JO
7110.65u.http://www.faa.gov/documentLibrary
/media/Order/7110.65UBasic.pdf.  Retrieved
January, 2013.

U.S. Department of Transportation, Federal
Aviation Administration, order JO 7110.65u,
Air Traffic Control Chapter3, and Section 10:
Arrival Procedures and Seperations. Retrieved
January, 2013.

Tadao Murata. Petri nets: Properties, analysis
and applications. In Proceedings of the IEEE,
pages 541-580, Apr 1989. Volume 77, number
4.

W. Reisig. Petri Nets: An introduction,
Springer-Verlag Heidelberg, 1985.

Pntoolbox: “Petri  net  toolbox for
matlab®“v2.3.1,http://www.ac.tuiasi.ro/pntool/,
Retrieved January, 2013.
Communication and Air
Communication and Air Traffic
http://www.academon.com/analytical-
essay/communication-and-air-traffic-safety-
146602/ January 2011, Retrieved January,
2013.Issues in Air Traffic Control. January
2012. http://www.academon.com/term-
paper/issues-in-airtraffic-control-149962/.
Retrieved January. 2013.

Traffic
Safety.




