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ABSTRACT

In this percent decade’s, airport scheduling operation are most essential for aircraft landing and takeoff. The
radar range control systems act as the brain for the aircraft scheduling operations. Arrival runways are a
critical resource in the air traffic system. Arrival delays have a great impact on airline operations and cost.
Radar system is to communicate with all the aircrafts within the 200 nautical miles (370 km). In this paper
the technique describes the execution time and penalty cost of the each aircrafts. Throughout, we discuss
how our formulations can be utilized to model a number of issues (aircraft selection, precedence
restrictions, restricting the number of landings and takeoffs in a given time period, runway workload
balancing) commonly encountered in practice. Existing techniques does not considered the timing factor, so
based on the time factor penalty cost is very high. Many of the techniques are used to reducing the penalty
cost whenever possible to landing and takeoff operations are done for the emergency flights. These
experiment shows whenever flights landing on the runway at that time no congestion on that particular
path, if it’s occur then its seems to be problem. In order to eradicate these problem, neural network and
Genetic Algorithms are utilized to eradicate the congestion occur in the runway and also our proposed
technique reduced the penalty cost to be charged.

Keywords: Artificial Neural Network, aircraft selection, runway selection, Scheduling, Genetic algorithm

1. INTRODUCTION and tardiness), it is to minimize the total deviation
of landing time. This problem is recognized to be
Nowadays, airlines play an important role in the =~ NP-hard. Therefore, to solve large-scale instances
transportation, and a major volume of inareasonable amount of time is not possible [5].
transportation is carried by aircrafts. Typically, the
cost of air transportation is much higher than other
transportations means [1]. Directed by air traffic
controllers, an aircraft must go through an approach
stage. The aircraft’s flight number, altitude and
speed are transmitted to controllers within the air
traffic control tower, when entering the airport
radar range [2]. To arrange the safe and effective
landings of a continuous flow of aircrafts onto the
assigned runway is the ultimate goal of these
instructions [3]. Airlines, the users of airports, play
a very important role in airport pricing policy in
reality because the structure of landing fees impacts
airlines operational and management decisions.
Practical scheduling constraints and influence on
their competitive situations makes airport
congestion management policy difficult to
implement. [4]From the target time (both earliness

The airline then builds crew rotations or pairings
by solving a crew scheduling problem, given fixed
aircraft routes and a set of work rules defined by
the collective agreement. A crew pairing is a
sequence of duty and rest periods that typically
lasts between 2 and 5 days in general terms. [6]The
objective of the crew scheduling problem is to
determine a minimum-cost set of pairings so that
every flight leg is assigned a qualified crew and
every pairing satisfies the set of applicable work
rules. [7] Two different approaches to model this
problem are known. The so-called ground delay
pro-gram considers the capacity during a time
period given and then flights are assigned to arrival
slots (fixed length time intervals). This assignment
is done in the order of the original schedule. [8].The
controller must create a correctly separated flow of
aircraft towards the runway. To maintain safety, a
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minimum separation between landing aircraft is
required. This separation depends on the weight
categories of the aircraft [9].

For incoming aircraft, in the single runway
situation the landing sequence implemented is often
decided in a first-come first-served manner. The
first-come first-served manner is also often used
such that aircraft land on their allocated runway, in
the same order they appeared in the radar range,
when multiple runways are present. [10]. A
problem involving a mix of takeoffs and landings
are on the same (or on different) runways. In
addition, in this paper, we are concerned with the
static case of scheduling aircraft landings. [11]
Statistical analysis of aircraft arrivals at several
major airports in the United States has shown that
the distribution of times between estimated arrival
times of successive aircraft (estimated when the
aircraft are100 miles from their final destinations)
is nearly-exponential in character. [12]

Though, frequently in applications the
operational environment changes, usually as time
passes new information makes it necessary to
review the preceding decisions that have been
made. As the operational environment changes,
such situations are dynamic in the sense that
planned decisions repeatedly have to be
reconsidered. [13]. Tt is hard to find the optimal
solution to the problem in most cases, due to its
complexity. Therefore, it draws important attention
from different scientific communities with
numerous research studies carried out on modelling
and developing algorithms to increase capacity at
an airport. [ 14]

Rest of this paper is organized as follows: the
second section presents literature review based on
existing works on aircraft scheduling problems. In
the third section methodology is described based on
artificial neural network and genetic algorithm for
the selecting runway of the aircrafts. Fourth section
presents results and analysed regarding the
proposed technique of the aircraft scheduling. We
improve the Genetic algorithm by neural network
optimization presented in Section III.

2. LITERATURE REVIEW
EXISTING WORK

BASED ON

In 2008, StefaniaGualdiet al. [15] have discussed
about the application of multidisciplinary multi
body modeling to the analysis of a specific aircraft
landing gear-induced unpredictability, known as
“gear walk”. Due to the coupling of the LG
deflection with the brake anti-skid control system

e
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characteristics, the proposed low frequency fore-
and-aft oscillation of the landing gear (LG) was
primarily considered. Together with a simple anti-
skid model, to predict the onset of the instability, a
comprehensive multi body model of an aircraft with
a tripod main LG is developed and used. The
components used in the multi body model are
thoroughly explained and the numerical results
obtained are presented and discussed.

In 2008,Jih-GauJuanget al.[16] have presented an
intelligent aircraft automatic landing controller that
uses recurrent neural networks (RNN) with genetic
algorithms (GAs) to progress the performance of
conventional automatic landing system (ALS) and
monitor the aircraft to a safe landing. To train the
RNN that uses gradient-descent of the error
function with respect to the weights to perform the
weights updates, real-time recurrent learning
(RTRL) was applied. Convergence analysis of
system error was provided. The control scheme
utilizes five crossover methods of GAs to examine
optimal control parameters. A simulation shows
that, than the conventional controller the proposed
intelligent controller has better performance.

In 2012,Reza Tavakkoli-Moghaddam et al. [17]
have examined the ways of landing aircraft with the
least waiting time in time windows under serious
conditions, such as the closest time of landing to
the target times for each aircraft or the minimum
time of landing the planes. Therefore, minimizing
the total cost of the deviation from the target times
and minimizing the completion time of the landing
sequence are the two conflict objectives that are
faced by it. They use a fuzzy programming
approach and an estimator for landing the sequence
of planes to solve such a problem. With actual
landings, the results are compared.

The dynamics model of carrier-based aircraft
landing gears landed on dynamic deck is built, in
order to study the carrier-based aircraft landing
laws landed on the carrier. In 2009, Zhang Wen et
al.[18] have suggested that the interactions of the
carrier-based aircraft landing attitude and the
damping force acting on landing gears are
considered, and the impact of dynamic deck was
introduced into the model through the deck normal
vectors. To solve the complex simulation problem
of force-on- wheel which comes from the dynamic
deck, the wheel-deck coordinate system was put
forward. Finally, by simulation, it was proved that
the model was comprehensive and suitable for any
abnormal landing situation, it was also
demonstrated that the model can be applied to
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landing attitude when the carrier-based aircraft was
landing on the dynamic deck.

By most of the control towers scheduling aircraft
landing is a complex task encountered. In this
paper, we study the aircraft landing problem (ALP)
in the multiple runway case. In 2011, Ghizlane
Bencheikh et al. [19] presented a mathematical
formulation of the problem with a linear and
nonlinear objective function. In the second part,
they consider the static case of the problem where
all data are known in advance and they presented a
proposed heuristic for scheduling aircraft landing
on a single runway, the proposed heuristic was
integrated into an ant colony algorithm to resolve
the multiple runway case.

During the aircraft landings and take-offs on the
airport, the ground staff workload was very large.
In this paper we study a landing time in the ACT.
In 2011, Nils Boysen et al [20] the support of this
decision problem with suited optimization
approaches had a long lasting tradition in
operations research. For the aircraft landing
problem the paper on hand presents three novel
objectives, which target at levelling the workload of
ground staff by evenly spreading: number of landed
passengers, landings per airline, and number of
landed passengers per airline over the planning
horizon. Mathematical models along with difficulty
results were developed and precise and heuristic
solution procedures are presented.

In 2011, Chaug-Ing Hsu et al. [21] have
developed a stochastic dynamic programming
model. This model is developed to optimize airline
decisions regarding purchasing, leasing, or
disposing of aircraft over time. To forecast
passenger traffic and capture the randomness of the
demand, Grey topological models with Markov-
chain were employed. Rather than to purchase its
aircrafts, the results shows that severe demand
fluctuations would drive the airline to lease. Our
proposed technique would allow better flexibility in
fleet management and allows for matching short-
term variations in the demand. The proposed
technique was provide a useful reference for
airlines in their replacement decision making
procedure by taking into consideration the
fluctuations in the market demand and the status of
the aircraft.

In 2011, Qing Liu et al. [22] have presented
technique to decrease the flight delays and ease the
airport congestion, a space-time network taxi
scheduling model integrates the three types of
conflicts was used. The aircraft taxiing schedule

problem was transformed to multi-commodity
network model, and the Genetic-annealing
algorithm was designed to solve the problem in the
model. The simulation case showed that optimized
schedule results significantly reduced the total
taxiing time by 586 seconds of 17 flights compared
with FCFS strategy and avoided the potential flight

conflicts, which greatly improved airport
operational efficiency. Additionally, genetic-
annealing algorithm weight out the standard genetic
algorithm in convergence rate and solution
efficiency.

3. METHODOLOGY STEM WITH

ARTIFICIAL NEURAL NETWORK
AND GENETIC ALGORITHM

3.1 Flow Chart

According to this technique our goal is to reduce
the penalty cost of aircrafts. So I utilize the neural
network and Genetic Algorithm. Here we utilize
Artificial Neural Network for finding the optimized
set of timings and Genetic Algorithm for optimized
point in the runway for aircraft.
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Figure 1 Overall Flowchart

3.2 Timing Analysis Stem With Neural Network

In Artificial Neural Network it is made up of
many artificial neurons and each input has its own
weight associated with it. An artificial neuron is a
device with many inputs and one output. The
neuron has two modes of operation; the training
mode and the testing mode. In the training mode,
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the neuron can be trained to fire (or not), for
particular input patterns. In the testing mode, when
a taught input pattern is detected at the input, its
associated output becomes the current output. Here,
output is produced by utilizing the parameters such
as speed and distance; this is applied to the neural
network.

Qutput layer

Hidden layer

Input layer

Figure 2 Artificial Neural Network

Ry = Z (Pa-Wab) o)

Op = Fin(Ry +1) @

Wap =Wap + LR.ey Py ©)

e; = 0p 1 - O )dp — 0p) )

ep =051 - Qb)-Z(ec-Wbc) ®)

W =Wy + (1= M)LRey.Py +M‘Wj,, Wy ) 0)
Where

a , b - each of inputs and layers respectively

P, - a" input of network

W, - established weight

R, - Internal value of the operation
1, - established threshold value

0, - Resulting output

F,,- Activation function

LR - Learning Range

e, - Error

M - Momentum factor

In our technique distance and speed are
variability and to find the time of the aircraft
travelling on the runways. First of all, initialize all
the variable parameters like distance and speed.
Calculate the hidden layer weight value of the each
input and output layers. Most of the closed loop
systems are having the error value that will affect
the output of the system. In order to provide the
desired output these kinds of procedures are to be
follow on. Then modify and adjustment to the

distance and speed values for the desired timings. If
the variable values are very high compared to
threshold value then the process moved to again
input to calculate the hidden layers, if low that
value is moved to the Genetic Algorithm input. It is
optimized solution of the Artificial Neural Network
output. This optimized set of timings is fed to the
Genetic algorithm.

3.3 Optimization Process With The Aid Of
Genetic Algorithm

Generation of Chromosome

Generation of chromosomes is the function of the
randomly generated set of chromosomes (set of
genes). Our proposed technology helps to collect all
the scheduling time from the Artificial Neural
Network output for allocating the separate runway
for each aircraft landing and takeoff operation.

Fitness Computation

Fitness computation is best way for finding the
optimization solution on the chromosomes. Our
proposed technology is required to apply all the
timing to the fitness computation, in this value
should mainly based on the weight factor of the all
chromosome timings.

N-1

1
@b N1

=0 14 eXPZ(l - Paby)
a=0

N-1

=T, ™

a=0
1+ exp

b N-1 1 n-1 =T.v (8)
Y A B

- T-Ep)

a,, B, -- weights

Tt= Total time taken for the flight to reach the

a=0

destination point
T , =Signal Time, when the waiting flight gets the

signal.
p = Input time parameters
a

This is the time to take the flight completely
travelled on the runway. Then to find the aircraft
cross the selecting point of the total distance on the
runway which is mentioned on the above equation.
Rest of the distance may be determined from the
difference between total time and selecting point
distance that is it refers the signal time of the
holding flight. In order to reduce the emergency
landing penalty cost we find the remaining distance
to travel flight timings. In our technique penalty
cost is reduced compare to the existing techniques.
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Selection of best chromosomes

All the chromosomes are producing different
fitness value. We have to select the minimum value
of the fitness value chromosomes. They are called
parent chromosomes. In our proposed technology to
utilized the best timing chromosome. We have to
select only the minimum fitness value for each
aircrafts both operations.

Select the optimized scheduling time = Ty/ 2
T --- Number of population

Crossover

In reproduction contains the crossover and
mutation operation. The crossover operation is
having many methods to produce the offspring.
They are one point, two point, uniform, and
arithmetic crossover.

Two point Crossover

A crossover operates by randomly selecting a
crossover point within a chromosome then
interchanges the two parent chromosomes between
these points to produce two new offspring. When
recombined the chromosomes it avoids genes at the
head and genes at the tail of a chromosome are
always split

Parent 1 Offspring 1
] \ O .
Parent 2 > Offspring 2
Ej -

Figure 3 Two point crossover

Mutation

Mutation is the function of the generating new
offspring from the single parent and maintained the
diversity of the each chromosome. There is a
chance to get a gene of a child to change randomly.
This gene performance is better than the old
parents. Mutation having two methods they are
random and alternate method.

Parent 1 New Offspring 1
Parent 2 |:"> New Offspring 2
Figure 4 Mutation

Here I used the two point crossover for further
operation. In our technique this crossover and

mutation operation having the runway selection,
aircraft selection, assigned and modifying the
aircraft timings and aircraft selection. Runway
selection is the important operation of the airport
radar control system that it provides the information
for each aircrafts. In this radar system it usually
covers about 300 km range that is analysed
whenever one aircraft is within the range so that it
can communicate to the aircraft system. If the speed
of the aircrafts is slow the aircraft control system
checks if any aircrafts are detected within the radar
range then assigns the timing and runway for that
aircraft. Assign and adjustment of the timings
happens under the crossover and mutation area. If
no more aircrafts are available in this area, there
will not be any problem to occur.

3.4 Objective Function
E,<A4,<L, VaelP (10)
Ay > Ay + Sy — Ly + Sup — Ep)x dp,  Va,b an
e,21,—-A4, VaeP,
0<e, <T,-E, VaePSZ
l,2A4,-T, VYaeP,

0<l,<I, -T, VaeP

Aa =Ta — €y +/a VGEPS (12)
dagp+dpg =1 Va,b a=#b 13)
d,.s,;, =0 Va

A, >0andd,, {01}

A,e,l, 20 VaelP,
min Z = Cppax (14)
E <A4,<L, VaelP
4,24,+S, (L, +S, —E,)xd,, Yab
Cow 24,+S, Va
d,+d,, =1 Vab a#b

d,.s,;, =0 Va
4, >0andd,, €{0,1}
Where
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A, - Landing time for aircraft a a (a eP )
e, - How soon aircraft a lands before 7, (a € P)
[, - How late aircraft a lands after 7, (a € P)

g, - Unit costs for aircraft a landing earlier than

the target time

h - Unit costs for aircraft a landing later than the
a g

target time

S . - Separation time between aircraft a and b,
ab P

where a lands before b

T, - Target time for aircraft a
E, - Earliest possible time of landing aircraft a

L, - Latest possible time of landing aircraft a

{1 ,if aircraft before

lands

b .
¢ 0o , otherwise

C,,.x - Completion time

[E,.L,] predetermined landing time window for

aircraft a.
Select Optimized Timings
N-1 X
Z b N-L - Tt (opt) 15
=0 dtexp Y (- pass)
a=0
N-1 .
% N-1 n—1 - T s (opt)
a=0
1+ exp . [1 - (Tt - (ZO pn a))ﬂb]

(16)
T - optimized total time taken for the flight
t (opt)

to reach the destination point
TS (opt)” optimized signal time, when the waiting

flight gets the signal

In this section, each aircraft operation was
computed by its optimized timings. This is the
optimized solution for our proposed technique.
Based on optimized timings, the penalty cost has
been evaluated. This is clearly explained in the
upcoming section.

3.5 Computing Penalty cost

Penalty cost depends on the timings (delay and
past landing flight timings). The main reason for
collecting the cost is unnecessary usage of fuel.
Even a single unit is reduced in timing factor that is
also useful for reducing penalty cost.

E-ISSN: 1817-3195

Delay time = Scheduled time — flight arriving time
a7)

Penaltycost = (18)

M_,.= Money charged
1 Unit = 20 seconds
1 unit charge =40 $ (~32180)

4. RESULTS AND DISCUSSION

This section discussed the experimental results of
our proposed method for reducing penalty cost
using Genetic Algorithm.

Our proposed technique produced the
optimization in penalty cost along with speed and
distance of the aircrafts. In order to reduce the
penalty cost here we utilized GA based optimized
technique. While aircraft is landing on the runway,
initially we need to calculate the total time taken for
the aircraft to reach the destination from its source
once the aircraft reaches its destination, and then
the controlling unit gives the signal to the next
flight to reaches on the particular runway. For this
process we have to pick the optimal point solution
for minimizing the penalty cost and to minimize the
conjunction to be occurred. For that we pick the
particular distance of the total distance on the
runway then calculate the aircraft crossing the
particular distance of the runway. If the time
constrain after the optimized pick point is nearly
half the time than the source to optimal point
distance. If this condition is satisfied then the
controlling unit allows the next flight to land on the
particular runway. This probably reduces the
penalty cost as well as conjunction to be occurring
between two adjacent flights.
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Table I Output Timings And Cost For Each Aircrafis.

Distance Speed Time Penalty Optimal Time Penalty Proposed
cost 1 point Conserved | cost2 P.C
135 942.4804 | 1884.961 | 3.4125 117.8103 235.6205 | 1649.341
3.5 130 942.5024 | 1885.005 | 3.0625 353.4524 706.9047 | 1178.1
125 944.4554 | 1888.911 | 2.8875 473.2154 946.4308 | 942.4802
125 941.0439 | 1882.088 | 3.2 528.7089 1057.418 | 824.67
4 120 940.7168 | 1881.434 | 3.7 234.3148 468.6297 | 1412.804
115 994.1699 | 1988.34 3.1 640.7399 1281.48 706.86
135 942.5045 | 1885.009 | 4.095 117.8282 235.6564 | 1649.353
4.2 130 944.0367 | 1888.073 | 3.885 237.0767 474.1535 | 1413.92
120 939.8455 | 1879.691 | 3.675 350.7954 701.5909 | 1178.1
135 936.6971 | 1873.394 | 4.55 347.6471 695.2943 1178.1
5.2 130 941.2509 | 1882.502 | 4.68 293.506 587.0119 | 1295.49
125 940.8345 | 1881.669 | 4.94 175.7331 351.4661 1530.203
Normal scheduling process Optimized Solution
This graph expressed as the normal timings of . o
the each aircraft to landings on the particular f; 1000 Wi
runway. g o800 !
E o600 RV AT oo
g igg ‘@ } —m=Timeconserved
Normal Scheduling 0 Penalty cost 2
% 2000 o Distance
% 1500
E 1000 - 4 Speed Fi . Lo . .
3 - igure 6: Optimized Point Based Speed, Time And Cost

500

Penalty cost

3.5 4 4.2 52

Distance

Figure 5: Normal Scheduling Process

In afore showed graph, X-axis comprise of
distance and Y-axis has speed, time and cost. The
combination of these three clearly shows that the
speed, time and penalty cost is incorporated with
each other and their relation also clearly defined in
the above graph.

Peak point optimization

This graph explains the optimized point based
speed, time and cost Optimization.

Optimization

In this optimized solution graph, we consider the
optimized pick point distance in x- axis and speed,
time and penalty costs are in y-axis. This graph
explains the variation of penalty cost on various
optimized pick point. Amid all the optimized point
first and seventh point gets lower penalty cost.
While the sixth getting higher penalty cost. Then by
analysing this graph we conclude that the penalty
cost purely depends on time. So, that the conserved
time will certainly reduce the penalty cost.

Penalty Cost
Penalty Cost
2500
2000
z " 111
O 1500
'5.
2 1000 v —o—Penalty cost 1
7}
& 500 == "Proposed Penalty cost
0
35 4 4.2 52
Distance

Figure 7: Optimized Penalty Cost
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In this penalty cost estimation graph, the normal
computation of penalty cost is compared with the
proposed optimal point detection estimated graph;
this shows that our proposed technique is better
than the normal free running penalty cost
computing. This penalty cost graph is plotted for
runway distance and penalty cost. In the above
graph blue colour marked line shows the penalty
cost for free running aircraft, and the red colour
shows that the penalty cost computed for optimal
point detection. This graph clearly shows that our
proposed technique is betted and it reduces the
penalty cost.

5. CONCLUSION

The existing technique normally viewed on the
aircraft landings and flight delay timings this delay
and landing time information has not be said in the
existing technique. So, the proposed technique
provides the solution for landing timings of the
aircraft along with the midpoint selection. Here we
utilize Artificial Neural Network for generating
data set and Genetic Algorithms for optimization.
In our proposed work, the ultimate aim is to
eradicate the congestion occurred between the
emergency and normal landing. Conflict occur
when emergency occur on the other landing time, in
this case penalty cost charged for emergency flight.
In order to minimize the penalty cost our proposed
technique is more efficient to minimize the penalty
cost.
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