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Drone is an innovative industry that can combine the application of various technologies in the fourth industrial era, such as
big data, artificial intelligence, and ICT. Although the synergy effects of these technologies will be great in various industrial
ecosystems, drones are vulnerable to gusts such as 'building wind' or 'valley wind'. Herein, the frequency domain of a mini
drone was identified and a model-based disturbance observer (DOBs) was applied to implement the drone robust
resistance against gusts. The frequency response of the Parrot Mambo or mini drone was measured with multi-sine
excitation and the system dynamic parameters were identified. Based on the identified model, DOBs were designed and
applied to the drone’s altitude, position, and yaw control. The effectiveness of the DOBs was verified with a sinusoidal
disturbance. With the model-based DOB, 84.5% of the drone altitude responses, 50.7% of x responses, 52.1% of y
responses, and 79.7% of yaw responses against sinusoidal disturbances were reduced. Flight responses were measured
against wind disturbances with changing speed and direction. With the model-based DOBs, the drone's altitude decreased
by 87.7%, the x position by 53.0%, the y position by 60.6%, and the yaw angle by 56.2%.

Manuscript received: November 17, 2022 / Accepted: December 27, 2022

NOMENCLATURE m - Mass

b = Thrust Coefficient s = Laplace Complex Variable

= Drag Coefficient I = Sampling Time
F, = Disturbance U = Motor Thrust for Unit Control Value
Fuis = Estimation of Disturbance U = Control Thrust Input of Altitude
f = Thrust Force of Motor Ug, Up, Uy = Control Torque Input of Roll, Pitch, Yaw
g = Gravity Acceleration X, 0z = Relative Position of Inertial Frame
gpos = Bandwidths of DOB Z = Z-transform Complex Variable
I, 1, I. = Rolling, Pitching, Yawing Moment of Inertia @, 0, ¥ = Roll, Pitch, Yaw Angle
J, = Rotor Moment of Inertia ®., 0., Y. = Control Input for Roll, Pitch, Yaw
K = Thrust Coefficient of DOB Qy = Total Angular Velocity of the Motor
/ = Length of Lateral Moment Arm of Drone R = Motor Torque
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10} = Motor Angular Velocity
; = i" Value

n = Nominal Value
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Fig. 1 The coordinate for mathematical model of the drone
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Table 1 Physical parameters of the Parrot Mambo

Specifications Para. Unit Value
Mass m kg 0.063
Lateral moment arm / m 0.0624
Thrust coefficient b Ns? 0.0107
Drag coefficient d Nms? 0.78264 x 107
Rolling L kgm? 0.58286 x 10
Moment of  Pitching I, kgm? 0.71691 x 10™*
inertia Yawing L. kgm® 0.0001
Rotor J, kgm? 0.1021 x 107
z 1
G(s), = -
1
G = 2= =
0 (&)
G)p =777
Is
Gls)y = ¥ = 5
I, s

2.2 &8 EE Parrot Mambo
Parrot Mambo= 180 x 180 x 58 mm =7]2] 4% EEo|t}.
3% Jlemel 3% zolE2 :FE 649E IMU (Inertial
Measurement Unit) KA, 221} AlA], 7|9 AA, 120 x 160Z)
AT 60FPS Zhdelrt AzbElo]l Qitk. 3 Matlabx}b
Simulink 37|25 A|¥sto] =2 BlgY 2 Alo] dare]ES
Ak 4= glon] BEZEAE o]835}o] 0.005%0tc} AlA ARE
=23 4= QIT}H8]. Table 12 Parrot Mambo E29] 22| AH
= vehyic
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Fig. 2 Control system of the drone
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Table 2 Gain of excitation signals

Gain Single sine Multi-sine
Altitude [N] 7.5e-2 2.25e-1
Roll [rad] 6.3e-4 5.67e-3
Pitch [rad] 5.4e-4 4.86e-3
Yaw [rad] 3.0e-4 9.0e-4
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Fig. 5 Bode plot of drone

Table 3 Magnitude, phase errors of system identification

Mag. error [%]

Phase error [%]

Single Multi Single ~ Multi

Altitude 16.89 34.49 3470  37.01
Roll 8.49 26.61 30.18 38.50
Pitch 21.02 26.25 33.68  34.25
Yaw 11.09 36.59 6.35 6.68
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Fig. 6 DOB structure of a drone controller [6] (Adapted from Ref. 6
with website)

Table 4 Sinusoidal disturbance removal rate of the drone W/T and

W/O DOB

Dir. BVI/S (Z W/ODOB  W/T DOB Rem‘[’;zl rate
Altitude [m] 1082 5382 83e3 84.5
X[m]  45le2  418¢2  2.06e2 50.7
Yim]  23%2  533e2 2552 52.1
Yaw [rad]  9.50e3  2.0le-1  4.08¢-2 79.7

4.3 =3 22t HIA &Y

330 x 300 x 403 mm 7] ALHA} SIF-KC15 AZg| o=
5N ¥ WAAIN LRk Frsial ot IS5 1L
= 9 F, 9, 8 Aozl AgH =89 vyt dS Fig
83} Zo] AgA oz slaigich. AFUOIE S FHE 15w/
s, AlZEo]El9F & Alo] ARl 2m, AF S 0.464 rad=2

- = =DOB off W/T Dist.
——DOB on W/T Dist.
----- DOB off W/O Dist.

o
=3
by

Altitude (m)
s

[
(%]
=]
.
[
w
S

X (m)

Y (m)

Yaw (rad)

Time(s)

Fig. 7 Sinusoidal disturbance rejection of the drone W/T and W/O
DOB

Circulator

I

Fig. 8 Disturbance rejection experiments with a circulator

AR, F Z3F2 1.31rad HYolA] 0.131 rad/s= H3}
Az 2 2k FE(EKF)E ARSSto] B8 difol| w
E IMU Al 9] S244dS 11]740}‘1‘ ©m Fig. 99} Table 5]
Qg B57] A& ofie TE =
t}. =4 7|4k DOBS 2-8-5}0] 5%4 = gw} 87.7%, X
912 W3} 53.0%, y 93] WETT 60.6% 1g)a @ 7tE W
7} 56.2% ZxA3FAT.

©
i
Mo
=2
>
rr
B>
oflt
I
i
lo
P
N
of
12
>
g
filo
4
og|=‘1‘
o
=



388/ May 2023

- - --DOB off W/T Dist.
——DOB on W/T Dist.
"mememe DOB off W/O Dist.

o
o

Altitude (m)
(=]

X (m)
S
i

Y (m)

=)
vy

Yaw (rad)
(=]

-0.05 . . . . .
20 25 30 35 40 45 50

Time(s)

Fig. 9 Disturbance rejection results with a circulator

Table 5 Disturbance removal rate with a circulator

DOB Ooff On Removal rate [%]
Altitude [m] 9.17e-2 1.13e-2 87.7
X [m] 1.46e-1 6.86¢e-2 53.0
Y [m] 1.8%-1 7.45e-2 60.6
Yaw [rad] 4.84e-2 2.12e-2 56.2
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