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Abstract
The flight model plays an important role in the development of the fixed-wing unmanned aerial vehicle (UAV)’s control 
system. By using the flight model, aircraft motion characteristics could be identified. Therefore, this modeling method is 
very important in speeding up parameters tuning of autonomous control systems and also to improve safety. The objective 
of the present research was to build The UX-6 fixed-wing UAV flight models with two approaches. First, the UX-6 UAV 
model was built analytically by using Datcom + Pro software. Meanwhile, the second model was built empirically based on 
flight data system identification. Both approaches were compared and analyzed in longitudinal and lateral flight modes. This 
work observed eight model’s parameters, four in longitudinal modes and four in lateral modes. The parameters comparison 
demonstrated that five analytical model parameters have similar characteristics with empirical model parameters. Three model 
parameters had different characteristics, therefore, need to be improved. These parameters comparison results indicate that 
the model can represent the UX-6 UAV aircraft motion characteristics.

Keywords UAV · Fixed-wing aircraft modeling · Datcom + pro · System Identification · Analytical-empirical comparison

1 Introduction

The UX-6 UAV shown in Fig. 1 is a fixed-wing UAV devel-
oped by The Department of Computer Science and Electron-
ics, Universitas Gadjah Mada (Priyambodo et al., 2016a). It 
was designed as an aerial mapping platform with flying wing 
configuration. The UX-6 is classified as a small UAV with 
less than 2 m wingspan. The UX-6 UAV autonomous con-
trol system is being developed, using a model-based design 
approach (Aarenstrup, 2015). This approach needs a math-
ematical or flight model, as the base for system development. 
Through the flight model, the aircraft attitude and motion 
could be learned, as well as the aircraft controller design 
could be simulated like a linear quadratic regulator (LQR) 
controller (Dhewa et al., 2017) and proportional integral 
derivative (PID) controller ((Priyambodo & Dharmawan, 
2017; Priyambodo et al., 2016b)).

Each UAV has its characteristics, known as model param-
eters (Napolitano, 2012). A big UAV or manned aircraft usu-
ally uses a wind tunnel test to get the model parameters. This 
method has the best and accurate result, but there are a lot 
of challenges to be implemented on small UAVs. First, a 
limited wind tunnel test facility in Indonesia, none of them 
located in our university. Second, the cost for the wind tun-
nel test relatively high (especially for build a precision 3D 
model scale). Third, wind tunnel tests need an experienced 
operator and data interpreter. From these considerations, the 
wind tunnel test is incompatible with this research.

This research focuses on how to build a flight model of 
small fixed-wing UAV like UX-6 UAV using analytical 
modeling. Analytical modeling was developed based on 
aircraft geometry data. Then, aircraft geometry data pro-
cessed using Datcom + Pro software (Galbraith, 2015). Dat-
com + Pro were widely used to build large fixed-wing UAVs 
and manned aircraft models at the preliminary design review 
stage. The analytical model is then validated by comparing 
with the empirical model. The empirical model was built 
using the system identification method (Majid et al., 2015). 
After validation, in the last stage, the analytical model was 
visualized on the Flight Gear flight simulator. The overall 
design of this research is shown in Fig. 2.

 * Tri Kuntoro Priyambodo 
 mastri@ugm.ac.id

1 Department of Computer Science and Electronics, Faculty 
of Mathematics and Natural Science, Universitas Gadjah 
Mada, Yogyakarta 55281, Indonesia

http://orcid.org/0000-0001-6012-0678
http://crossmark.crossref.org/dialog/?doi=10.1007/s40313-021-00754-5&domain=pdf


1345Journal of Control, Automation and Electrical Systems (2021) 32:1344–1355 

1 3

2  The Material and Method

2.1  Flying Wing UAV

Flying wing UAV has some differences if compared with 
the conventional fixed-wing UAV. On the other hand, con-
ventional fixed-wing UAVs are divided into the fuselage, 
wings, horizontal stabilizer, and vertical stabilizer, flying 
wing just has wings. The fuselage and wings were blended. 
There are no vertical stabilizer and horizontal stabilizer 
on the flying wing. Flying wing control surface is called 
elevons (elevators and ailerons). Elevators are for up-down 
movements and ailerons are for right-left turn movements. 
The design of the flying wing UAV is shown in Fig. 3.

2.2  Hardware

The hardware used in this research consists of the UX-6 
aircraft and electronic devices as shown in Fig. 4.

The UX-6 UAV was manually controlled by an opera-
tor on the ground for flight data acquisition. There is an 
onboard flight data recorder for recording an operator input 
for actuators and an output from the aircraft. An aircraft out-
put was obtained from sensors inside a flight data recorder. 
A flight data recorder runs the data recording at 5 Hz, while 
the maximum aircraft movement is at 2 Hz (Tischler, 2006). 
All aircraft electronic devices connection is shown in Fig. 5.

Figure  6 shows all electronic devices consisting of 
actuators, flight data recorder, radio controller receiver, 
and batteries that are implemented onboard the aircraft.

The complete aircraft hardware and specification are 
shown in Table 1.

2.3  Data Acquisition

UX-6 UAV does not yet have complete data, hence there is a 
need for data acquisition, both geometry data and flight data.

(1) Aircraft Geometry Data Acquisition Aircraft geom-
etry data are required for Datcom + Pro software input, 
which is then used to build the analytical model. The 
required aircraft data are as follows:

Fig. 1  UX-6 fixed-wing UAV

Fig. 2  The overall design of UX-6 fixed-wing UAV modeling

Fig. 3  Design of flying wing UAV

Fig. 4  The hardware diagram
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– Aircraft sketch and dimension data.
– Aircraft control surface position.
– Aircraft airfoil data.
– Aircraft moment of inertia data.
– Aircraft weight and center-of-gravity data.

(2) Flight Data Acquisition Flight data acquisition 
include two things, input data and aircraft output. The input 
data include the signal given by the operator to the actuator 
(elevator and aileron) through the radio controller, while the 
output data include the attitude, position, and speed of the 
aircraft. Flight data acquisition needs to be well planned, 
to match what is expected. For this research, the input on 
the plane is a doublet input. Doublet input is a variation 
in input where a high pulse-width-modulation (PWM) sig-
nal was given during the time t and then directly assigned 
a low PWM signal during time t as well. Doublet inputs 

are widely used by researchers worldwide in modeling and 
identification of aircraft models, including the Boeing air-
craft manufacturer when identifying the F-15 Eagle fighter 
aircraft (Smith & Moes, 2003). Figure 7 shows the shape of 
the input doublet signal.

In this research, modeling will be divided into two modes, 
longitudinal mode and lateral mode. In longitudinal mode, 
the doublet input was given on the elevator, then in lateral 
mode, the doublet input was given on the aileron. Before the 
doublet input was given, the aircraft is conditioned in trim 
and level conditions (the aircraft is considered in a state of 
straight flight and the right-left wing of the aircraft is in 
the same state horizontally). The diagram of the flight data 
acquisition procedure is shown in Fig. 8.

The recorded flight data were then processed and con-
verted to a variable that was used for empirical modeling or 
system identification as shown in Fig. 9.

2.4  Analytical Modeling

In the fixed-wing UAV flight, there are many forces, veloci-
ties, moments, and orientations that work. All could be sum-
marized and visualized in Fig. 10.

In a flight, the aircraft is not always horizontally straight 
when flying straight ahead (on the X-axis, see Fig. 11) but 
has an angle-of-attack angle commonly written α (alpha). 
The aircraft angle-of-attack is the deflection angle of the 
aircraft on the x-axis caused by the airplane’s wing geom-
etry. Similar to angle-of-attack, there is also a sideslip angle 
(Fig. 11), which is usually written β (beta). The difference 
is that the sideslip angle is the deflection on the y-axis due 
to the air/wind from the side that concerns the vertical sta-
bilizer of the aircraft. Equations 1 and 2 are for finding α 
and β.

The Euler angle was used for the aircraft orientation as 
shown in Fig. 11, which has the following reference:

a. Z-axis leads downward (same as the direction of the 
gravity vector). The angle rotation on this axis is called 
yaw (ψ).

b. X-axis leads forward. The angle rotation on this axis is 
called roll (φ).

c. Y-axis leads rightward. The angle rotation on this axis is 
called pitch (θ).

(1)� = tan−1
w

u

(2)� = tan−1

�
v√

u2 + w2

�

Fig. 5  UX-6 aircraft electronics devices diagram: flight data recorder 
(orange), actuators (blue), radio control receiver (yellow), and power 
source (gray) (Color figure online)

Fig. 6  UX-6 UAV electronic devices
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In an aircraft motion modeling, one of the parameters used 
is the angular velocity on the x, y, and z axes. The angular 
velocity is called the variables p, q, and r. To find it is used 
Eq. 3.

(3)
⎡⎢⎢⎣

p

q

r

⎤⎥⎥⎦
=

⎡⎢⎢⎣

1 0 − sin �

0 cos� cos � sin�

0 − sin� cos � cos�

⎤⎥⎥⎦

⎡⎢⎢⎣

��

��

� �

⎤⎥⎥⎦

Table 1  Aircraft hardware and 
specification

Hardware Specification

Aircraft UX-6 Fixed-wing UAV Flying wing
Polyfoam material

Actuator Electric motor Brushless 800 kV
12 inch propeller
11.1 V
950 gr Thrust

Mini servo 5–6 V
Torque 1.6 kg
9 gr Weight

Flight data recorder Arduino Mega 2560 ATMega 2560 Microcontroller
5 V
16 MHz speed & 256 Kb flash memory
54 Digital & 16 Analog I/O

Sensors: ADXL345 Accelerometer
9 DoF sensor stick IMU ITG3200 Gyroscope

HMC5883L Magnetometer
Barometer BMP085 Barometer
GPS receiver MTK3339 GPS
Data recorder: Micro SD card

3.3 V Voltage operation
SPI communication

Radio controller 9 Channel transmitter PPM receiver output
8 Channel receiver 2.4 GHz frequency

Power source Lithium polymer battery 3 cell 11.1 V 2200mAH 30C
2 cell 7.4 V 850mAH 20C

Fig. 7  Doublet input

Fly the aircraft

The aircraft in trim and level conditions

Doublet input on longitudinal and lateral modes 
given

The aircraft response saved for identification

Fig. 8  UX-6 UAV flight data acquisition procedures

Fig. 9  The recorded flight data processing
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where

In addition to the angular velocity, the translation veloc-
ities are required for each of the x, y, and z axes. The trans-
lational velocities of each axis are called the variables u, 
v, and w. The variables u, v, and w are determined by data 
changes in variable longitude, latitude, and altitude. Then, 

��, ��,� � =
d�

dt
,
d�

dt
,
d�

dt

it is combined with the orientation of the Euler angle, thus 
producing u′, v′, and w′ derived from Eq. 4.

where

The flight dynamics that work on fixed-wing can be 
divided into two modes, namely the longitudinal and lateral 
modes (Nelson, 1998). Longitudinal modes include trans-
lational motion on the X and Z axes and rotational motion 
around the Y-axis. The rotary motion around the Y-axis will 
change the pitch angle. The motion in the longitudinal mode 
plays a role in the up and down movement of the aircraft. 
In the dynamics of aircraft flying, the longitudinal mode is 
influenced by the thrust and elevator. The longitudinal mode 
is determined by Eqs. 5 to 8

– Forces equations

– Moments equations

– Pitch orientation

The lateral mode includes translational motion on the 
Y-axis and rotational motion on the X and Z axes. The lateral 
mode is affected by the aileron. Lateral or sometimes called 
directional mode is used for aircraft’s turn movement. The 
lateral mode is determined by Eqs. 9 to 12

– Forces equation

– Moments equations

⎡
⎢⎢⎢⎣

dx

dt
dy

dt
dz

dt

⎤
⎥⎥⎥⎦
=

⎡⎢⎢⎣

C�C� S�S�C� − C�S� C�S�C� + S�S�

C�S� S�S�S� + C�C� C�S�S� − S�C�

−S� S�C� C�C�

⎤
⎥⎥⎦

⎡
⎢⎢⎣

u

v

w

⎤
⎥⎥⎦

S�, S�, S� = sin�, sin �, sin�

C�,C�, C� = cos�, cos �, cos�

(5)u� + qw − rv = X∕m − g sin �

(6)w� + pv − qu = Z∕m + g cos � cos�

(7)M = Iyq
� + rp

(
Ix − Iy

)
+ Ixz

(
p2 − r2

)

(8)�� = q cos� − r sin�

(9)v� + ru − pw = Y∕m + g cos �0 sin�

(10)L = Ixp
� − Ixzr

� + qr
(
Iz − Iy

)
− Ixzpq

(11)N = −Ixzp
� + Izr

� + pq
(
Iy − Ix

)
+ Ixzqr

Fig. 10  Aircraft forces, velocities, moments, and orientations defini-
tions

Fig. 11  Euler angle Φ, θ, and ψ to determine the orientation of a fly-
ing plane. a Yaw rotation on the Z-axis b Pitch rotation on Y-axis. c 
Roll rotation on X-axis
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– Roll orientation

All of the equations that work both longitudinal and lat-
eral modes are necessary to elaborate and add flight assump-
tions (linear model and ignore flight disturbances like wind, 
thermal, and weather). Then, we find the general equations 
of the longitudinal mode flight model in the form of the 
state-space model structure shown in Eq. 13.

Then, for lateral mode is the same as the longitudinal 
mode. Equation 14 is obtained as a representation of the 
general equation of the lateral mode flight model.

The general linear equations of the longitudinal and lat-
eral modes were obtained, the next is to calculate to fill each 
variable with values corresponding to the characteristics of 
the aircraft modeled using the Datcom + Pro software.

The Datcom + Pro output is divided into static and 
dynamic aerodynamic coefficients that are used for deriva-
tive stability calculation. The calculations also required the 
aircraft data shown in Table 2.

The derivative stability calculations are divided into 
longitudinal mode and lateral mode (Stevens & dan Lewis, 
2003). Table 3 shows the formula for longitudinal mode 
derivative stability calculations (Bagheri, 2014).

The lateral mode derivative stability calculations are 
shown in Table 4 (Bagheri, 2014).

In the last analytical modeling stage, the derivative sta-
bility calculation results are then arranged using the general 
linear equations, Eq. 13 for longitudinal mode and Eq. 14 
for lateral modes.

2.5  Empirical Modeling

Analytical models need to be compared with another model for 
analysis purposes. The empirical models have been built based 
on flight data. Empirical models use system identification tech-
niques. System identification techniques have required input 
and output data when flying for system identification. The data 
used for system identification are selected on a particular part 

(12)�� = p + (q sin� − r cos�) tan �

(13)

⎡
⎢⎢⎢⎣

Δu̇

Δ�̇�

Δq̇

Δ�̇�

⎤
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=

⎡
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Xu Xw Xq + w0 −g cos 𝜃0
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⎡
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Δ𝛼

Δq

Δ𝜃
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+

⎡
⎢⎢⎢⎢⎣

X𝛿e
X𝛿T

Z𝛿e 0

M𝛿e
0

0 0

⎤
⎥⎥⎥⎥⎦

�
Δ𝛿e
Δ𝛿T

�

(14)
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only, i.e., when the aircraft control surface is given a doublet 
input. This empirical model uses a state-space model struc-
ture. Slightly different from the analytical model, the common 

Table 2  Aircraft data for derivative stability calculation

Notation Definition

m Aircraft weight
S Wing area
C_bar Mean aerodynamic chord
b Wingspan
g Earth gravity acceleration
Rho Air density
Alpha Angle-of-attack
Q Dynamic air pressure
theta0 Pitch angle on trim condition
u0 Translation velocity in x-axis
Ix x-axis moment inertia
Iy y-axis moment inertia
Iz z-axis moment inertia
Va Air velocity in trim condition
S_prop Propeller sweep area
C_prop Propeller coefficient
K Propeller constanta

Table 3  Longitudinal mode derivative stability calculation

Derivative Formula

Xu u�S

m

[
CX0

+ Cx�
� + Cx�e

�e

]
−

�SwCx�

2m
−
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m

[
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]
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�SuCx�

2m
−
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m

Xq −w +
�VaSCxq

c
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X�e
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a
SCx�e
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X�T
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state-space model structure was used, not a motion equation 
constructed from the description of force, moment, and orien-
tation acting on the plane. This type of identification system 
is known as black-box system identification (Triputra et al., 
2016). Identify the system using the system identification tool-
box, one of the tools in the MATLAB software.

2.6  Visualization

A model can be displayed or presented in various ways. The 
most common way is with mathematical equations and draw-
ing graphs. To further simplify the attitude of unmanned UX-6 
fixed-wing aircraft, this model has been visualized and simu-
lated in flight simulators. Visualization used two software, 
Simulink and Flight Gear flight simulator. The program is 
designed using Simulink, in which flight dynamics consist-
ing of moments and forces acting on the plane, aircraft flight 
equations, models of actuators, and aerodynamic coefficients 
derived from the modeling done. Visualization of flight using 
flight will show the model of the plane and the parameters of 
the aircraft, i.e., attitude (angle of a roll, pitch, and yaw) and 
the position of the aircraft (altitude, longitude, latitude). The 
simulator program built can be seen in Fig. 12. The program 
was developed based on the Beaver DHC-2 simulator program 
(Mathwork, 2015).

3  Results and Discussion

3.1  Data Acquisition

(1) Aircraft Geometry Data Acquisition: Aircraft geometry 
data acquisition results are shown in Table 5.

(2) Flight Data Acquisition: Flight data acquisition is per-
formed in the morning to get the best weather (clear 
and the wind speed relative is zero). We did two flights, 
one for the main data and the other as backup data. The 
UX-6 flight path that is used as the main data is shown 
in Fig. 13.

3.2  Analytical Model

The Datcom + Pro software is used for calculation needs 
aircraft geometry data and flight condition scenario. 
Aircraft geometry data are based on UX-6 UAV geom-
etry data. There is a slight difference compared with the 
real aircraft. Datcom + Pro could not generate wings 
winglet geometry, so winglet was not considered in this 

Table 4  Lateral mode derivative 
stability calculation

Derivative Formula

Y�
QS

m
CYb

Yp
QSb

2u0m
CYp

Yr
QSb

2u0m
CYr

Y�a
QS

m
CY�a

N�
QSb

2Iz
CNb

Np
QSb2

2u0Ix
CNp

Nr
QSb2

2u0Ix
CNr

N�a
QSb

Iz
C�a

L�
QSb

2Ix
Clb

Lp QSb2

2u0Ix
Clp

Lr QSb2

2u0Ix
Clr

L�a
QSb

Ix
Cl�a

Q =
1

2
�V2

a

Fig. 12  UX-6 UAV visualization block diagram

Table 5  UX-6 UAV geometry data

Parameters Value

Aircraft length (cm) 47
Fuselage width (cm) 17.5
Fuselage height (cm) 8
Weight (kg) 0.944
Moment inertia ( kg.m2) Ix = 0.0273

Iy = 0.0016
Iz = 0.0497

CG from nose (cm) 25
Chord tip(cm) 17
Chord root (cm) 29
Taper ratio 0.57
Mean aerodynamic chord (cm) 23.9
Semi-span theoritical panel (cm) 50.1
Semi-span exposed panel (cm) 41.6
Sweep wing angle (º) 30
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calculation. A flight condition was equated with the 
UX-6 UAV steady-state flight condition (obtained from 
flight data). The UX-6 UAV steady-state flight condition 
was predicted to occur at AoA of 4 degrees, velocity of 
15.3 m/s, and an altitude of 67 m. Figure 14 shows UX-6 
UAV geometry and flight scenario data were input to Dat-
com + Pro software.

The UX-6 UAV geometry data and flight scenario that 
entered to Datcom + Pro software generated the aircraft 3D 
model and the aircraft calculated aerodynamic coefficients. 
The UX-6 UAV 3D model is shown in Fig. 15.

The calculated aerodynamic coefficients of Datcom + Pro 
were divided into static and dynamic aerodynamic coeffi-
cients. The static aerodynamic coefficients were derived 
from the calculation of the plane’s geometry shape. The 

Fig. 13  UX-6 flight path

Fig. 14  Datcom + Pro input for UX-6 UAV geometry and flight sce-
nario

Fig. 15  UX-6 3D model

Table 6  UX-6 UAV static 
aerodynamic coefficients

Coefficient Value

Longitudinal mode
CL0

−0.53
CD0

0.049
CM0

0.1281
CX0

−0.0848
CZ0

0.5255
CL�

6.097
CD�

0.028
CM�

−0.6046
CX�

0.3857
CZ�

−6.0849
CLq

5.0637
CDq

0
CMq

−1.37
CXq

0.3436
CZq

−5.0520
Lateral mode
CYr

0
Clr

−0.0191
Cnr

−0.0067
CY�

−0.2747
Cl�

0.0043
Cn�

−0.0007
CYp

−0.0059
Clp

−0.4815
Cnp

−0.0015

Table 7  UX-6 UAV dynamic aerodynamic coefficients

Longitudinal mode Lateral mode

Coefficient Value Coefficient Value

CL�e
0.386 CY�a

0
CD�e

0.0077 Cl�a
−0.0751

CM�e

−0.2203 Cn�a
−0.0009
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results from the static aerodynamic coefficients calculation 
are shown in Table 6.

The dynamic aerodynamic coefficient is obtained from 
the movement or deflection of the plane’s control surface 
(elevator and aileron). The results from the static aerody-
namic coefficients calculation are shown in Table 7.

The obtained static and dynamic aerodynamic coefficients 
then become the base for the stability derivative calculation. 
The resulting stability derivative is organized into Eqs. 13 
and 14. The analytical model of the UX-6 UAV is shown on 
Eq. 15 for longitudinal mode.

The lateral mode of UX-6 UAV analytical model is shown 
in Eq. 16.

The analytical model results are then compared with the 
empirical model for model analysis.

3.3  Empirical Model

After the flight data are obtained, the next is to determine 
trim conditions. The trim condition is when u ≠ 0, w = 0, 
q = 0, and θ ≠ 0. The UX-6 UAV trim conditions are  given 
in the following Table 8.

Using the MATLAB’s system identification toolbox 
(SITB) software, a model that represents UX-6 UAV was 
built. Similar to the analytical model, the empirical model 
is divided into longitudinal and lateral modes. Equation 17 
shows the empirical model for UX-6 UAV longitudinal 
mode.

⎡⎢⎢⎢⎢⎣
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Equation 18 shows the empirical model for UX-6 UAV 
lateral mode.

The empirical model results were validated by simula-
tion. In a simulation, the empirical model is compared 
with the real flight data. The empirical model input is the 
aircraft input data and then the model output was com-
pared with aircraft output data. From the empirical model 
validation results, the model accuracy is quite good, 
73.95% average for longitudinal mode and 75.83% aver-
age for lateral mode. Figure 16 shows empirical model 
validation results for longitudinal mode and Fig. 17 for 
lateral mode.

3.4  Analytical‑Empirical Comparison

The analytical models that have been built are compared 
with the empirical model for validation. Elevator in longi-
tudinal mode and aileron in lateral mode both were given 
doublet input shown in Fig. 18.

Comparative results of UX-6 UAV between the analyti-
cal model and empirical model are shown in Fig. 19 for 
longitudinal mode.

The longitudinal mode comparative results showed that 
three parameters in longitudinal mode [u, theta (θ), and 
alpha (α)] are quite identical and one parameter (q) is not 
identical or different waveforms. Figure 20 shows compara-
tive results for lateral mode, two parameters [p and roll (Φ)] 
are quite identical and two parameters [beta (β) and r] have 
different waveforms. The identical is when the parameters 
of the analytical and the empirical model have the same 
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Table 8  UX-6 UAV trim condition

Parameter Value (radian)

Pitch angle ( �) 0.0679
Roll angle ( �) −0.0351
Elevator deflection ( �e) 0.2503
Aileron deflection(�a) 0.059
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waveform. While the analytical model waveform goes up, 
the empirical model waveform also goes up or while one 
goes down, the other also goes down.

The modeling results or waveforms are influenced by 
many things. For example, if the empirical model waveform 
has a slight delay or lower amplitude than the analytical 
model, it can be caused by natural factors, such as wind. 
Due to the wind factor, the aircraft ordered by the operator/
pilot to turn right for example, at the same time, there is a 
strong wind from the right side, then the response of the air-
craft will be a bit late. Flight data acquisition was performed 
in the morning when the wind blows low enough and the 
weather is in a clear condition. However, these conditions 
can only be observed at the ground level, while conditions 
in the height were unknown. Flying scenarios can also affect 
the modeling results. The aircraft was flown manually, all 
scenarios were determined by feeling from the operator/
pilot. The modeled aircraft has a small size with a flying 
wing configuration. This configuration needs high accuracy 
and responsive control. With a little change in the control 
surfaces, the aircraft’s attitude and position change quickly. 

Fig. 16  Empirical model (longitudinal mode) validation results

Fig. 17  Empirical model (lateral mode) validation results

Fig. 18  Doublet input for all control surface, elevator (longitudinal 
mode) and aileron (lateral mode)

Fig. 19  Longitudinal mode comparative results: analytical models 
(blue) and empirical model (red) (Color figure online)



1354 Journal of Control, Automation and Electrical Systems (2021) 32:1344–1355

1 3

This happened in inflight data acquisition. The aircraft is 
quite difficult to be directed in trim conditions. Trim state 
parameters are important in aircraft modeling, as they were 
used as initial conditions, both for analytical and empirical 
modeling. The other difficulties also occur, when there is 
input variation in aileron input, the plane turns directly and 
at the same time loses altitude altogether. This causes the 
pilot to perform elevation recovery with elevators, so the 
expected scenarios are difficult to do.

From the analytical modeling can also be discussed some 
things that influenced the results. The UX-6 UAV is a small-
size UAV with very low cruising speeds when compared 
with manned aircraft. Datcom + Pro software is designed 
for large aircraft with onboard pilots. Some research on 
UAVs modeling uses Datcom + Pro, but the average mod-
eled aircraft is much larger than that used in this research. 
Datcom + Pro itself is less effective when used to calculate 
aircraft that has a low Reynolds number. Reynolds number is 
the ratio of inertial forces to viscosity (Ananda et al., 2016). 
With low cruising speeds, Datcom + Pro calculations will 

be less precise. From Datcom + Pro results, UX-6 UAV has 
Reynolds number 1,020,300/m, this value is very small com-
pared with the T-34 Charlie manned training aircraft, which 
has Reynolds number 4,813,500/m or Boeing 737–300 air-
craft that has Reynolds number 60,363,000/m (Galbraith, 
2015).

3.5  Visualization Result

The UX-6 UAV analytical model was visualized using Flight 
Gear flight simulator and MATLAB Simulink. Figure 21 is 
the result of visualization of UX-6 UAV.

4  Conclusions

This work shows that the analytical model can be used as a 
base for the development of UX-6 UAV autonomous control 
systems, evidenced by validation with the empirical model. 
The modeling implemented in this research is influenced by 
three aspects. First, the calculation of aerodynamic coeffi-
cients of Datcom + Pro software is less accurate when used 
for calculations of small unmanned aircraft (low Reynolds 
number). Second, natural factors such as wind and thermal. 
Third, the disturbance from actuator vibrations and the elec-
tromagnetic field of the electronic device of the aircraft that 
could affect the reading of the instrumentation on the air-
craft. The results and methods used in this research can be 
considered to develop a flying model for small UAVs such 
as the UX-6 UAV.
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