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Abstract- This paper presents some parts of the research in developing a flight laboratory that will be utilized to enrich flight 
mechanics teaching in the Faculty of Mechanical and Aerospace Engineering in Bandung Institute of Technology. 
Specifically,this paper presents the development of aGraphical User Interface (GUI)in Matlab, which can be used by students 
to analyzeaircraftstability. To demonstrate the use of this sGUI, a simulated flight test is performed inX-Plane for Cessna 172 
aircraft. The flight data is transmitted by the X-Plane using User Datagram Protocol, and received by a Simulink routine, then 
passed through to the GUI. The results of the simulation will be shown in a graph that depicts real time aircraft data, 
longitudinalstatic stability, and the aircraft’s Neutral Point. All of the data gathering and stability analysis process are 
performed by students,thus expected to improve the understanding of the students to the related theories in classrooms. 
 
Index Terms- Flight Laboratory, GUI,Real Time Data, Static Longitudinal Stablity, Neutral Point, UAV 
 
I. INTRODUCTION 
 
The Department of Aerospace Engineering of the 
Faculty of mechanical Engineering and Aerospace 
ITB is developing a flight laboratory, based on 
Unmaned Aerial Vehicles (UAVs).The UAV is 
developed from a radio controlled model thatis 
equipped with a sensor system, a data conditioning, a 
data recording, and a ground control station which will 
receive, display, and process data for further analysis.  
One of the purposes of this research is to strengthen 
the understandingof the students regarding the concept 
of aircraft static stability, which is taught inflight 
dynamicscourses. In the currentFlight Dynamics 
courses, students have only been introduced to 
theories without any pratical flight experience. Thus it 
is observed that students often lack of comprehension 
regarding the practical aspect of the theory. 
Most of the students cannot stay focussed throughout a 
lecture, particularly that after 10 minutes student 
attention begins to drift [1]. A student’s attention can 
be maintained throughout a class session by 
periodically giving them something to do and that the 
most common (activity) is the small-group exercise 
[1]. So active learning methods, such as flight 
simulation or testing, will be more interesting and will 
provide a deeper understanding than that of a 
conventional lecture.  
As the first step of this project, we create a tool that 
allow students to directly observe and analyse flight 
data obtained from aircraft X-Plane simulations.  
The aforementionedtool is a Graphical User Interface 
created using Matlab. With the developed Graphical 
User Interface, auser who doesn’t have any knowledge 
about programming will be able to analysethe 
aircraft’s flight dynamics data easily. The outputs of 
the Graphical User Interface encompasses graphs and 
the results of flight simulation data which are easily 
accessible by the user. In summation, The Graphical  

 
User Interface will be used by the user to analyse the 
longitudinal static stability of aircraft.  
In this practicum, students are expected to be able to 
apply the concepts and theoriestaught in class in real 
world problems. 
 
II. LITERATURE REVIEW 
 
The use of an unmanned aircraft as a vehicle of 
teaching is not a new concept. In 2009, a group of 
researchers from the Virginia Tech already making 
use of the design, manufacture, and testing of the 
unmanned aircraft as part of the aircraft design class 
[2]. Similarly, the annual Design-Build-Fly event, 
followed by universities in America, is the realization 
of the concept of teaching in the aircraft design 
presented by a team of researchers from the 
Massachusetts Institute of Technology [3].  Similar 
efforts, such as  using a simulator for teaching 
mathematics, engineering, technology is  also carried 
out  by other universities [4] [5].From the existing 
references, has not seen the presence of the complete 
research results showing the design of laboratory work 
procedures in the flight dynamic course.  This is part 
that we want to target with this research. 
 
III. LONGITUDINAL STATIC STABILITY 
TEST 
 
Longitudinal stability is usually the first subject to be 
introduced when one begins a study of the stability and 
controllability of airplanes [6].To understand the 
longitudinal stability, the concept of equilibrium must 
be clearly understood. An airplane is in equilibrium or 
is trimmed when the sum of the external forces is zero 
and the sum of the moments about the center of gravity 
is zero [6]. The Longitudinal static stability of an 
aircraft is usually defined byits tendency to return to 
its balanced state after a disruption.  
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Static stability in a stationary condition can be sought 
by looking at the solutions of αtrim ( angle of attack) 
and δe-trim (elevator deflection) with the disruption 
variable, CL1. CL1can be varied by changing the 
velocity, V, or altitude, H. An aircraft is 
static-longitudinally stable if its Center of Gravity is 
located in front of the Aerodynamic Center [7]. That 
explanation can be written as follows : 

 
 
The requirementson the left side is acquired from wind 
tunnel testing and the requirements on the right are 
obtained from theoretical computation processes.  
Because in flight testing, CL can not measured directly, 
the static stability definition is then modified as 
follows : 

 
 
Gradient of 

V
e


 is parameter of aircraft can be said 

stable static longitudinal stick fixed that can be 
measured directly by pilot on test flight process. 
Aircraft is said stable when gradient of 

V
e


  is positive, 

neutral when the gradient is zero, and unstable when 
its gradient is negative.  
Not only gradient of 

V
e


 ,  Neutral Point (NP) also one 

of  parameter of static longitudinal stability. NP is state 
in which center of gravity of aircraft connecting with 
center of aerodynamic, as shown in the following 
figure : 
 

 
Figure 1. Neutral Point[7] 

 
As a result, aircraft is at a neutral condition. On this 
condition, aircraft will not react at all movement’s 
elevator because elevator motion will not change lift 
CL1. In wind tunnel testing, NP determined from some 
position variation of Center of Gravity in model 
aircraft tested [7]. So in  this simulation will also doing 
a variation of the Center of Gravity in aircraft that will 
be simulated in X-Plane simulator. 

IV. FLIGHT TEST SIMULATION 
 
To demonstrate the ability of the GUI to record and 
process flight test data, a simulated flight test  is 
performed. 

 
Figure 2. Flight Testing Simulation [8] 

 
Figure 2 shows student who acted as Test Pilot to fly 
the aircraft, trimming process of aircraft, and change 
center of gravity position on each flight testing. Then 
there is student as Flight Test Engineer (FTE) located 
in right of Test Pilot. In this position, FTE can access 
data display that can not be shown in front of Test 
Pilot. FTE working with pilot to see longitudinal static 
stability criteria are met, by looking at the real time 
graph that appear and  take the data that will be 
analyzed.The work flow of this simulation can be seen 
in figure 3 : 

 
Figure 3. Flow Chart 

4.1. Flight Simulator and Simulink 
Cessna 172 aircraft that can be seen in figure 4 was 
used as the model, which was controlled by user as a 
Test Pilot using X-Plane 10 simulator. X-Plane 10 was 
chosen in this study for its high advantage in 
modifying internal variables, especially in respect of 
varying Center of Gravity positions. These variations 
were assumed as the aircaft’s defect or damage which 
might occur and will be used for static longitudinal as 
well as low cost static stability analysis in test flight. 
X-Plane employs a technique called “blade element 
theory”. This technique uses the actual shape of the 
aircraft (as modeled in the simulator), and breaks 
down the forces on each part separately. The force of 
the “air” acting on each component of the model is 
individually calculated, and combined, to produce a 
fairly realistic flight  [9].  

 
Figure 4. Cessna 172 [9] 

 
X-Plane will be integrated with Simulink to receive 
data in real time using block UDP Receive. The data 
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will be sent to the GUI using UDP send block and 
programmed in specific manner as the data was 
received by the GUI in real time, then the data will be 
displayed by GUI and analyzed by FTE.  The Simulink 
program was made in Matlab 2017a software. 
4.2. Graphical User Interface (GUI) Component 
As a design tool, Matlab 2017a provided a GUI 
Designer which was included in the GUIDE 
functionality. In the window programming with this 

GUIDE, the figure file was generated [10]. This file 
stored all GUI display information and M files 
containing a number of syntax of connecting functions 
and callback functions [10]. In this research, GUI was 
programmed to investigate the static longitudinal 
stability. When the file figure was opened then the 
resulting interface is as follows: 
 

 

 
Figure 5. GUI Component 

 
GUI component explanation:  
a. While the Test Pilot controlled the plane on 

X-Plane 10 with a certain Center of Gravity 
position, FTE observed the GUI that appears in 
front of the computer.By pressing the “Setup” 
button to accept the data followed , then  pressing 
the Start button, the real time graph will be 
displayed in Axes 1 and Axes 2 with the following 
information: 

 
 

b. Then the FTE inputted Center of Gravity (CG) on 
the “Input Center of Gravity” box according to the 
settings made by Pilot Test in the X-Plane 
simulator. 

c. When the Test Pilot had done trimming, FTE 
would initialize retrieving data process by pressing 
the “Take” button. A dot will appear on “Axes3” 
with the caption: 
Axes3 = elevator_deflection (deg) vsVelocity_true 

(ktas) 

d.  Repeated step a, b, c with CG variations : 5,1 ; 2,1 
; -0.2 

e. When FTE pressed the “Plot” button, a data plot 
which shown the longitudinal static stability 
requirement in Axes3 would be generated. 

f.Save Data was used to store Time, Velocity, and 
Elevator Deflection data recorded by FTE during 
the flight test. 

g. Final step was to determine the Neutral Point (NP), 
clicked the “NP Result” button, the plot was 
displayed on: 

Axes 4 = gradient 
V
e


  vs CG 

h. The “Stop” button to stop receiving real time data 
from the simulator. 

 
V. TEST RESULT AND ANALYSIS 
 
After the simulation, obtained results data that appears 
in the GUI that can be seen in figure 6 : 
 

Record Real Time Data 

 
Figure 6. Record Real Time Data 
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Axes 1 and Axes 2 displayed flight test data in real 
time. Real time graphs shown in Axes 1 and Axes 2 
are real time graph while taking one point in Axes 3.  
Taking data can only be done when the plane was in 
trimmed state, which was indicated by constant 
velocity and elevator deflection. In other words, when 
the real time plot on Axes1 and Axes2 shows a straight 
trend, the data is also taken at the same time. 
 
The flight test simulation was done at a constant 
altitude of 3010 ftmsl. With range of the velocity from 
70 to 120 ktas shown in Axes3. For the increasing 
velocity at constant altitude, the aircraft tends to move 
in response to this with pitch-up. In order to restore the 
attitude to the original position, the elevator must be 
deflected positive to generate lift up to compensate for 
the pitching up moment. As seen on Axes3, the plot 
had shown positive slope. Gradient 

V
e


 ia a parameter 

to determine an aircraft static longitudinal stability. 
CG 1, 2, and 3 was plotted with red, blue, and green 
line respectively. This graph can be interpreted as the 
increasing CG also increased the elevator deflection 
required to stabilize the aircraft at the same velocity as 
well. 
From the Axes3 plot, the gradient of each line is 
calculated, the result is plotted on Axes4. Axes4 
explained at the same velocity, greater (the backward 
movement of) CG resulted in smaller gradient. The 
location of neutral point (NP) is at a CG which greater 
than 5.1. If Axes 4 (Graph Plot) plotted further to find 
Np, produces linear graph in figure 7. 
 

 
Figure 7. Linier regression for Determining NP 

 
To find the Neutral Point (NP), gradient should be 
zero. When entering value of zero on “y” in the 
equation y = -0.1868 x + 1.0974, obtained a value of 
“x” or Center of Gravity is 5.9.  The larger CG range 
varied,  finding the slope 0, where the center of aircraft 

aerodynamics is equal to the plane's center of gravity, 
became more possible. Based on the theory, aircraft 
will not react to the elevator movement at all due to the 
elevator motion did not affect aerodynamic lift force, 
CL1. 
 
CONCLUSION  
 
A GUI has been created as a tool to help student in 
performing a longitudinal static stability analysis. The 
data for the analysis are obtained from specific flight 
test procedure. A simulated test of longitudinal static 
stability has been performed for a Cessna 172 Aircraft 
in X-Plane environment. Flight test output data in 
X-Plane can be displayed in real time on Axes 1 and 
Axes 2 in the GUI . The result of the data indicated that 
aircraft was longitudinally statically stable that is 
indicated by the positive slope of ߜvs V in Axes 3. 
Neutral Point is successfully obtained, by drawing a 
straight line until zero gradient. It is shown in Axes 4, 
that for the corresponding aircraft, the NP location is at 
CG of 5.9inch behind the nominal CG. 
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