Université du Burundi

Dép6bt institutionnel officiel https://repository.ub.edu.bi
Grenier du Savoir du Burundi Articles et chapitres publiés en externe
2019

The AppliedMathematical
SimulationModeling Algorithm for a Multi
Aircraft Landing Dynamic System at
Bujumbura International Airport
Mathematics and Innovative
Technologies in Africa

Nahayo, Fulgence

European Scientific Journal

https://repository.ub.edu.bi’handle/123456789/1287
Téléchargé depuis le dépébt institutionnel officiel de I'Université du Burundi



The Applied Mathematical Simulation Modeling
Algorithm for a Multi Aircraft Landing Dynamic
System at Bujumbura International Airport
Mathematics and Innovative Technologies in Africa

F. Nahayo,
ISTA —LURMISTA-FS-CRMP, University of Burundi, Burundi

J. Ndimubandi,
FS-CRMP, University of Burundi, Burundi

A. Manirabona,

A. Niyongere,
FSI-CRIET, University of Burundi, Burundi

D0i:10.19044/esj.2019.v15n30p495 URL.:http://dx.doi.org/10.19044/esj.2019.v15n30p495

Abstract

The aim of this paper is to set up an efficient nonlinear application
algorithm simulation model for a multi aircraft landing dynamic system in one
Runway when considering Bujumbura International Airport. The
mathematical modelization of the solved problem is a non-convex optimal
control governed by ordinary non-linear differential equations.The dynamic
programming technic is applied because it is a sufficiently high order and it
does-not require computation of the partial derivatives of the aircraft dynamic.
This application is be coded with Linux operating system, but it can also be
run on the windows system. High runing performance are obtained with results
giving feasible trajectories with a robust optimizing of the objective function.
The user interfaces designed in Glade are saved as XML, and by using the
GtkBuilder GTK+ object these can be loaded by applications dynamically as
needed. By using GtkBuilder, Glade XML files can be used in numerous
programming languages including C, C++, C#, Java, Perl, Python,AMPL etc..
Glade is Free Software released under the GNU GPL License. The algorithm
is implemented when considering discrete mathematics while using
Bujumbura International Airport Geographic Information System.

Keywords: Aircraft Landing Dynamic System, Optimal Control, Dynamic
Programming, GUI GPL Application 00AIRLADY S R2018A +00
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Introduction

In this work, an efficient nonlinear application algorithm simulation
model for a multi aircraft landing dynamic system is developped while
maintaining a reliable evolution of the flight procedures of aircraft dynamic
system on approach. The aircraft are landing successively on one runway
without conflict (E. Roux, 2006).

The model considered here is non-convex and non-linear optimal
control problem leading to a system of non-linear ordinary differential
equations (I. Chryssoverghi& J. Colestos and B. Kokkinis, 2007). The aircraft
dynamic is described by a three dimensional set of non-linear ordinary
differential equations subjected to state and control constraints. The functional
to be minimized describes the overall levels of noise collected on the ground,
emitted by the aircraft. The formulation of the problem takes into account
several kinds of constraints such as aircraft stability, performance and flight
safety. Programming technic is applied through the Nonlinear Interior point
Trust Region Optimization solver ’KNITRO’(Waltz,2008) with a Modeling
Language for Mathematical Programming *AMPL’(R.Fourer, 2003). This
application will be coded with Linux system on 64 bit operating system. High
runing performances are obtained with results giving feasible trajectories with
a robust optimizing of the objective function. The user interfaces is designed
in Glade by using the GtkBuilder GTK+ object and this can be loaded by
applications dynamically as needed.

1. The Bujumbura International Airport Traffic

Bujumbura International Airport (IATA: BJM, ICAO: HBBA) is an
airport in Bujumbura, the former capital of Burundi. It is Burundi's only
international airport and the only one with a paved runway. Opened in 1952,
the airport turned 67 years old on December 5th 2019.
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Figure 1. Spatial view of Bujumbura International Airport

As of December 2018, the following airlines maintain regular scheduled

service to Bujumbura International Airport: [2]

Bujumbura Aerospace Regular | Airlines Destinations
Traffic
Departures and Arrivals flights | Air Tanzania Dar es Salaam, Kigoma

Brussels Airlines

Brusselsl

Ethiopian Airlines

Addis Ababa, Kigali

Kenya Airways

Kigali,Nairobi-Jomo Kenyatta

RwandAir

Kigali

Note 1: Brussels Airlines' outbound ights stop in Entebbe, while all inbound rights are
nonstop. The airline does not have trac rights to transport passengers solely between

Bujumbura and Entebbe.
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Sujumbura International Airport Live Arrivals

Bujumbura International Airport Live Arrivals

BJM ARRIVALS
Date Tha 18-A0r-2019

Departures o] Arnas

Arport (BM) Baumbura International Arport
Bupmbura, B
More BN Atk BN Weather B Asport Delavy
Fignt Carrex Orgn Al St
KQ 442 Kenya Arways (NEQ) Narots LAMN Laoged
KAA KM (NBO) Narob 1S90 A Landed
EYsqsa Ethad Arways (NEO) Narcts LSO AM Landed
AF S010A Ar France (NBO) Naroby IS0 A Landed
IC 218 A Tanzane (TXQ) Kgoma 1140 A Scheduied
E1sy Erhopar Arires (ADD) Addls Adbada L.00 P L"j"‘l‘\,‘_“t
n Route
NS 34704 Eqypta (A00) Adds Abada L0 PM kn B
e &2 RwandAs KGL) Kgad L P heduied
AR Ethopan Arines (ADDQ) Acde Abada ENPM heduled

Figure 2. Bujumbura International Airport Live arrivals on 18 April 2019.

2. Mathematical modeling of the aircraft dynamic system

The design of an aircraft is an excellent non-linear optimization model.
From conception to piloting, several disciplines are present. We cite
aerodynamics, propulsion, structural mechanics, performance calculations,
energetics, acoustics, and many others.

A moving airplane is therefore a complex dynamic system, difficult to
study in all its generality. The large number of disciplines involved in both the
design and operation of the aircraft makes it a complex process.

The various parameters involved in this process are either managed by
a single discipline or shared. Thus, several interactions between these
disciplines translate a coupling of which the results of one can be used for the
parameters of the others. Unfortunately, the objectives of each discipline are
often contradictory. It is then necessary to develop optimization techniques to
effectively integrate the methods developed by each of the disciplines
involved in order to seek a global optimun. In this section, we return to the
optimal control of a commercial airplane while keeping the aerodynamic
performances (F.Nahayo,2017). The flight dynamics of a commercial aircraft
is a very complicated subject when it is combined with the analysis and
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optimization of the aircraft's behavior (S.Khardi F. Nahayo and M.
Haddou,2011).

In this paragraph, it is a question of going back on the three-
dimensional dynamic model of a civil plane, the analysis of these operational
performances and quality of flight. The modeling of the aerodynamic,
propulsive and mass forces of a commercial aircraft is the basis of the flight
dynamics of this one. The analysis of these processes focuses mainly on the
sciences of mechanical and automatic control. The following figure illustrates
the functional organization of aircraft flight dynamics (Boiffier, 1999 and
Boiffier, 2001).

Vertical Stabilizer
Horizontal Stabilizer Control Yaw
Control Pitch

Rudder

Yaw
(side to side)

Elevator

Change Pitch
Wing (up and down)
Generate Lift
Flaps
Jet Engine Change Lift and Drag
Generate Thrust Allaron
Change Roll
Spoiler
Change Lift, Drag and
Command and Control

Fuselage (Body)
Hold Things Together & Camry Payload

Figure 3. A300 Aircraft Structure, Design Modeling and Parts Functions.
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Structure

E:i:.::ly nig The pilot
Earth
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Control
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Figure 4. Aircraft control dynamic function modeling

The figure 4 show the the functional organization of aircraft ight
dynamics when considering the the aircraft design, effort, dynamic,
mouvement and the automaticcontrol sciences.The aircraft model considered
is Airbus A300 which transport a maximum of 266 passengers when the
maximum weight is about 171000Kg on the take off procedure.

2.1.  Aircraft dynamic equations
The equations of 3D-motion of each aircraft Ai,ie{J,Z} read

(F.Nahayo, 2012, Boier, 1999 and K. Blin 2000):
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where j € {1, 2} stands for the first and second engine of each aircraft

i, the expressions A=1 ,B=1 ,C=1__,E=1__ are the inertia moments of
XX vy 2z Xz

the aircraft, p, is the air density, S is the aircraft reference area, | is the aircraft
reference length, g is the acceleration due to gravity, Coi=Cpy * "CE' is the drag
| o] |

coefficient, _ pl 1l is the lateral forces
cyi _cyﬂmcypv +cyrv +Cy 5% * Cyanni

b
Y9, is the lift coefficient
1) H I )
C.:C (aa—a )+C a‘m|+C Mi+CLq—V

coefficient

pl rl is the rolling moment
i =C182* Cpv Gy +Cla5|| *C i g

coefﬁuent, Cri =Cro *Crn a(a_aO)Jrc snOmi 1S the pitching moment

coefficient, ¢ _¢ SP+C Pl.c r,.c s.is the yawing moment
ni

np v nryv noi - li

coefficient, ( M- )IS the position of the engine in the body frame, P,
Mij’ “Mij’ "Mij

is the full thrust, p, is the atmospheric density at the ground,  _ (F FF )
xi' yi' zi

is the propulsive force, Vaiz(ui,vi,wi) is the aerodynamic speed,
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(AAu'AAv’AAw) is the complementary acceleration, (uw’vv’ww)’ is the wind
velocity, 'Bmij is the yaw setting of the engine and amij is the pitch setting of

the engine. The mass change is reflected in the aircraft fuel consumption as
described by E. Torenbeek (E. Roux 2005) where the specific consumption is
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The nomenclature of engine performance variables are given by G, the
gas generator power function, G, the gas generator power function (static, sea
level), K the temperature function of compression process, M, the flight Mach
number, T, the turbine Entry total Temperature, T, the ambient temperature
at sea level, T the flight temperature, while the nomenclature of engines yields

2
is 5, =0.85 the isentropic compressor efficiency, , _1_4 3(0_05j2(0_5J L
‘ d. “\Res) | M.
1 1

D!
the isentropic fan intake duct efficiency, L the duct length, D the inlet
diameter, Re the Reynolds number at the entrance of the nozzle,

x—1M2

. . . . 1+n, =5=M!
n;, =0.86-3.13x10* M, the isentropic fan efficiency, n = ndi 2 1 the gas

| X=1p12
1+—2 Mi

generator intake stagnation pressure ratio, 7, = 0.97n the isentropic efficiency
of expansion process in nozzle, 7, =0.88 the isentropic turbine efficiency
n.7+, €. the overall pressure ratio (compressor), v the ratio of specific heats
v =14, )\ the bypass ratio, g; the ratio of stagnation to static temperature of

ambient air, ® the nondimensional turbine entry temperature ® = ¥—4and O
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the  relative ~ ambient  temperature = ©=. The  expressions

a5 (1), B (1),6, (0, (1), (1), Vs (1), X (1), Y (£), Z (), i (), @5 (1), i (), m; (1)
are respectively the attack angle, the aerodynamic sideslip angle, the
inclination angle, the cup, the roll angle, the airspeed, the position vectors, the
roll velocity of the aircraft relative to the earth, the pitch velocity of the aircraft
relative to the earth, the yaw velocity of the aircraft relative to the earth and
the aircraft mass. The system (1) could be written in a simplified form
dy: (t)

# = fl (yl (t),ui 1)),

yi (t) = (aai (t)iﬁai (t)’ eai (t)al//ai (t)!¢| (t)ivai (t), XGI (t)iYGi (t)v ZGi (t), pi (t), qi (t)’ r| (t)v mi (t))(
u; () = (5 (1), 5y (1), 5 (1), 5 (1)) (2)

henceforth y,is called a state function and the expressions
o, (t),8,, (t),5, (t),5, (t)are respectively the roll control, the pitch control, the

yaw control and the thrust control. The dynamics relationship can be written
as : yi v = fi(yivuivt)thE[O'lei(o):yio-
2.2.  The optimal objective function model

Let us define the quantity named the Sound Exposure Level ’SEL’ (F.
Nahayo 2012, L.Abdallah 2007, M-M. Harris and E. Mary, D. Martin 2000),

0'1LA1(t)1 where t' is the noise event interval. [t,o,t,, [and [t,0.t,, |

SEL :10Iog{j10

t
are the respective approach intervals for the first and second aircraft, the
objective function is calculated as
0L

1 t (t)

SEL.. =10log 7[@ -t )[f0 10 dt

G {tzf—t10 20 107t (3)
L 10

t (¥ ot

+(t1f _tzo)ft; 10 dt+(t1f _tZO)tw
where the cost function SELG is the cumulated two-aircraft noise.
Expressions L, (t),L,,(t) are equivalent and reflect the aircraft jet noise

given by the formula (L. Abdallah 2007, R. James Stone & D.E. Groesbeck&
C.L Zola,1991):

0L 5y, A1) 4,
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where v, is the jet speed at the entrance of the nozzle, v, the jet speed
at the nozzle exit, z, the inlet temperature of the nozzle, z, the temperature at
the nozzle exit, p, the density of air, p, the atmospheric density at the
entrance of the nozzle, p,, the atmospheric density at ground, s, the entrance
area of the nozzle hydraulic engine, s, the emitting surface of the nozzle

hydraulic engine, d, the inlet diameter of the nozzle hydraulic engine,

Y1
of the motor and the axis of the aircraft), R the source observer distance, w

V_ =v,
e

. JCO{“pjTthe effective speed («, is the angle between the axis

35
CEJ c the sound velocity (m/s),
1,

the exponent variable defined by 3

W=

v 135
06+ -&
c
me the exhibiting variable depending on the type of aircraft:
S S S
me=11|-2, 2 <297;me=6.0,-2 >297"
51 % 51

the term  av - -1sioglc, (M, .0)-10l0g(1- M cosg), MeaNs  the - Doppler

convection when CD(MC,Q):[@JFMCCOSQ)Z+0_04Mﬂ, M the aircraft Mach
Number, M_the convection Mach Number:, :0.62[\, —vCo{a D,C is the
c ! p

Beam angle. The objective formula above could be written in the following
simplified form J,,(y(),u()) _[t g(y(t),u(t))t.
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2.3. Constraints

The considered constraints concern aircraft flight speeds and altitudes,
flight angles and control positions, energy constraint, aircraft separation, flight
velocities of aircraft relative to the earth and the aircraft mass(J.L.Boiffier
1999, Ifrance 2000):

(1) The vertical separation given by Z.,=2,,—-Z; Where Z, —-Z,, are
respectively the altitude of the first and the second aircraftand Z _the altitude
separation.

(2) The horizontal separation X, = X5, — X4, [13,14,38] where X, X, are

horizontal position of the first and the second aircraft and their distance.
(3) The aircraft speed V,, must be bounded as follows 1.3V, <V, <V aircraft

where V. is the stall speed, V, is the maximum speed and ViO =1.3V,, the

minimum speed of the aircraft A [15, 36], the roll velocity of the aircraft
relative to the earth p, [pio, P J the pitch velocity of the aircraft relative to
the earth g, [qio , O Jand the yaw velocity of the aircraft relative to the earth
r e [rio,rif J

(4) On the approach, the ICAO standards and aircraft manufacturers require flight
angle evolution as follows attack angle «, € [aio,aif J,the inclination angle
6, €16, Jand the roll angle ¢, [¢io,¢ifj.

(5) The aircraft control &(t) = (5, (t), 5, (t),5, (t)) keeps and still between the
position ¢6,,and o, for the roll control ¢,;, and &, for the pitch control &,
and o, for the yaw control and o, and &, for the thrust.

(6) The mass m, of the aircraft A is variable: m,, <m, <m
constraint results in energy consumption of the aircraft [8, 24].
On the whole, the constraints come together under the relationship
kn(Yi’ui)S 0, kZi(yi 1Ui)20’ Where
K (yi’ui): (o (t) — ;s , 6 (t)_eif Wi (O —wi 6 () — 6 Va (t)_vaif » Xai (1) = Xgir
Opi (1) = O + O (1) = S, 0 (1) = g, M (1) — My );
koi ;17 )= (@ 0= 0.0, 0)= 0,0 O =6, O = 1 Vi (Vi
X6i 0~ Xgio-

Yai (1) = Yaior Zai () — Zgios P (1) — Pio» G (1) — i, 1; (1) — T, 6 (1) — Sy
i (1) = Brnig 1 6 (1) = 51 65 (1) — S, M (1) — 1M, )

mif

i=1.2. This

ij 7
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2.4.  The aircraft optimal control problem

The combination of the aircraft dynamic equation, the aircraft
objective function and the aircraft flight constraints, the two-aircraft
acoustic optimal control problem is given as follows:

tiy Ly
i (s, ()~ [ @00+ [ a0, 20, ua) )

+ lm " galyalt), u;(t t)dt + dfuity))
y{t) = £(u(t), y (1)), ult) = (ug (), us(t)), ¥() = (v (), y2(0)),
Kyilya,m:) < 0,k (yi, ms) = 0,¥8 € [tin, tag], o = 0,¥(0) = yo,u(l) = uy
where g,, shows the aircraft coupling noise function and J
of the two A300-aircraft.

is the SEL

G12

3. The numerical processing

The system (4) is an optimal control problem with mixed constraints
on the state and control. In order to apply the formulation of Pontryagin, we
rewrite directly this system as follows:

min 33 :0) = ! 9(y(©.u().)ck

y(®) = f(y(t),u(t))
kl(y,u,t) < O,k2(y,u,t) >0.

(5)

By considering the pseudo-Hamiltonian system (5) given by
h(y,u, p, p,t) = pT f(y,u,t) = pog(y,u,t) — sk, (y,u,t) — 21,k, (y,u,t)
where p=(p,, p,) is the adjoint state. Thanks to this new formulation of
Pontryagin, the necessary optimality conditions are given by
H,(y,u,p, Py, 1) =0
y=H,(y,u,p, po,t) = F(y(®),u(®), p=—H,(y,u, p, P, 1) (6)

ky (y,u.t) 0.k, (y,ut) 20t [to,tf }ﬂ2 >0, where H is pseudo-hamilton

system. By applying a symplectic portioned Runge-Kutta method for
M =(Ab)zZ=(Ab) and considering the numerical stream¢,
(pn,yn)_,(pn+1,yn+l) If the stream is selected such that the relation

o0& Y (05 ) -
J =J is verified. The characterization of the Runge-
apy)) apy)

Kutta symplectic method is also done using the  matri

C=BA+ATB-bb" < R*when B =diaglp,....b, | and B =diaglp,....b, )
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Partioned symplectic Algorithm of Runge-Kutta (SPRK) (F. Nahayo
2012)

(1) Subdividing the interval time [to,¢7] in N step b = tyq — 1 = %—Fﬂ,N is the maximum number of
iteration.

(2) For0<n <N,

Ho(tki, ki, i) = 0

a1l = Un + h thﬁp{uﬂuynt]yﬂ{tll] =T ey = Yn + -h zuthp{uﬂj&yﬂJ }ak = I'I vy 8
k=1

i=1
]

Pl = Pn — hzﬂﬁl’.y'{m,m-k]mw = ‘ll':'F“ILIMk = Pn— F*Z&k.ij{I-'ﬂ_p HHT}: (?}
k=1 g=l
i b >
H{yﬂ-glpﬂk} - thl"{yﬂk::Iuﬂk}:y'!!ppﬂkL g = 'b_f E b_:..ujkl bj' - bj,kl{:f,l'm uﬂk} < u1

kﬂ{y'm '“'nt} :_" "1 d”}’ﬂﬂy E'I'H-l s Wbl Prgi-

3.1.  Graphic User Interface for the Applied Mathematical Modeling
Software For A Multi Aircraft Landing Dynamic system
The user interfaces is designed in Glade and by using the GtkBuilder
GTKH+ object, this can be loaded by applications dynamically as needed. By
using GtkBuilder, Glade XML files can be used in numerous programming
languages including C, C++, C#, Vala, Java, Perl, Python, AMPL and others.
Glade is Free Software released under the GNU GPL License.

Vertical Stabilizer Rudder
Horizontal Stabilizer Control Yaw Chm?e Yaw
Control Pitch (side to side)
Change Pitch
Wing (up and down)
Generate Lift

Jet ne
Gonons':g'n\rust

Cockpit
Command and Control

Change Li
ft
Fuselage (Body)

Hold Things Together & Carry Payload

AN EFFICIENT NON-LINEAR APPLICATION ALCORITHM PREDICTIVE MODEL FOR A MULTIFAIRCRAFT LANDING DYNAMIC SYSTEM

Figure 5. GNU General Public Licence AIRLADYS R2018 A* Graphic User Interface

Figure 1 shows AIRLADY SR2018" Graphic User Interface and all
the menu toolbar functions programmed for the running and exploitation.
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3.2.  Aircraft optimal noise levels

Numeric results show the noise levels around airport when
optimization is applied . This explains the importance of the acoustic
optimization of approaching aircraft and gains brought by this model when
compared with what is done daily. The observation position is considered on
the ground below the path of the following way: (—20000 m,—20000 m,0 m)
for AONLy, (—19800 m,—19800 m,0 m) for AONL,, ..., (— 3200 m,—3200 m,0
m) to AONLs. The touchdown point on the ground is (0 m,0 m,0 m) while the
temporal separation of aircraft is 90 s. On each observation point, there is a
vector of N noise levels as shown in discretization. It is important to consider
the maximum value among the N values, which value shows the shortest
distance between the noise source and the observation point. This result shows
that the maximum noise level varies depending on observation points and
decreases when the plane moves away. By comparison, This result is close to
the standard jet noise values approach as shown by Harvey (H. Harvey
Hubbard 1994) and (F. Nahayo and all).

3.3.  Aircraft Flight paths Numeric Results

The following result are obtained with AMPL”A Mathematical
Programming Modeling Language” and KNITRO.The final result precision
is: Locally optimal solution found with final feasibility error (abs / rel) =
1.20e-11 / 2.19e-13 and final optimality error (abs / rel) = 1.69e-18 / 1.69e-
18.

The above figure shows the continuous descent aircraft paths. When
the first plane hit the ground, the second is six hundred meters hight with a
strike length of 3300 m. This result is therefore of constraints separation when
the planes are landing successively on a single track. At the end of approach,
both paths coincide and follow the standard Evolution of the path constructors
data by the A300 aircraft. This figure also shows the evolution of the two
aircraft speeds and prove a landing because the speeds decrease from 200m/s
up to 69 m/s as certified by ICAO and manufacturers of aircraft. Note that the
touching ground speed is 69 m/s. These trajectories obtained are similar to the
standard approach values as confirmed by (S. Suzuki and all 2009). It shows
correlation between aircraft flight paths and speeds. The maximum time of the
approach is 600 seconds for the first aircraft and 690 seconds for the second,
giving a separation time of 90 seconds.
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Figure 6. Two Aircraft flight paths and speeds
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Figure 7. Comparing changes in thrust and roll control with speed of each aircraft
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The figure 7 shows a simultaneous evolution of thrust and speed for each
aircraft. It is noted that the speed decreases from 200 m / s to 69 m / s.
Similarly, the thrust general trend is downward during landing. A correlation
between the thrust and roll control with the speed of the two aircraft is very
clarified. The figure 7 shows the thrust control and the control roll
caracteristics during landing. The main control of the aircraft varies from 0.6
to 0.2. The roll control remains zero, which proves stability of the aircraft and

passengers comfort.
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Figure 8. Evolution of aerodynamic angles of the two Aircrafts
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This figure shows the evolution of the main aerodynamic angles of the
two planes. It is clear that the roll is zero while the flight angle is negative
throughout the landing as recommended by ICAQO in the approach procedures.
The angle of attack varies between 2 and 12 degrees and the yaw angle is low
because the plane is aligned to the runway.
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Figure 9. Evolution of kerosene usage and the optimal mass and non optimal
mass of each aircraft

The figure 9 shows the evolution of the consumption of kerosene by
aircraft over time. It ranges from 1.5 kg / sto 1 kg / s on the ground. This result
is already proven by Roux (E.Roux 2005) and confirm the standars of the
manufacturers of the A300 aircraft. Note that the base model operated in
consumption is the Torenbeek one which has already proved its efficiency
compared to other models. The figure shows the evolution of optimal and non
optimal aircraft mass over time. In the first plane, the optimum mass varies
from 108,000 kg to 107723.79176 kg on the ground while non optimal mass
varies 108,000 kg 107714.15755 kg. For the second plane, the optimum mass
varies from 110,000 kg to 109734.50191 kg on the ground when the non-
optimal mass varies 110,000 kg to 109723.53824 kg. So it clears a weight
saving between 9 kg and 11 Kkg.

3.4.  Comparison of optimal procedures and standards

The figure comparison of aircraft optimal procedures and standards is
shown by the 10 when considering the altitude and speed. It means that the
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continuous descent procedure well characterizes the optimal solution and that
confirms the difference between the landing standard procedure and the
landing optimal procedure. With the robust convergences characteristics, the
optimal solution of the discrete problem found confirms the requirements of
manufacturers and ICAQ. Aircraft flight paths on the ground remains the same
regardless of the particular proceedings and the slope of the path does not
change as shown in (F. Nahayo 2017).
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Figure 10. Comparison of optimal procedures and standards

Conclusion

In this paper, a mathematical model have been developed for noise
reduction in the case of two approaching aircraft landing in succession on the
same runway in Bujumbura International Airport. An algorithm for solving
the optimal control problem has been developed. Theoretical considerations
and practices of a direct method and the Runge-Kutta discretization scheme
are used. This discretization schema is chosen because it is of sufficiently high
order and it does not require computation of the partial derivatives of the
system. This application had been coded with Linux system on 64 bit operating
system. High runing performance are obtained with results giving feasible
trajectories with a robust optimizing of the objective function. The user
interfaces had been designed in Glade by using the GtkBuilder GTK+ object
which can be loaded by applications dynamically as needed. By using
GtkBuilder, Glade XML files can be used in numerous programming
languages including C, C++, C#, Java, Perl, Python, AMPL, etc. The
numerical considerations used have no limitations except the introduction of
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the constante-variables without physical interpretation in order to facilitate the
resolution of the dynamic system of two aircraft. The reason is the complexity
of this system, which greatly affects the nature of the Solver to use. This model
can be generalized for any type of aircraft when considering real case for air
traffic and airport traffic. The following process is the software both
certification by Aircraft operational companies, aircraft conception companies
and academicians in applied mathematics and aerospace sciences.
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