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A Data-Driven Gain Tuning Method for Automatic Hovering
Control of Multicopters via Just-in-Time Modeling

Tatsuya KAI'®, Member and Ryouhei KAKURAI'", Nonmember

SUMMARY  This study develops a new automatic hovering control
method based on just-in-time modeling for a multicopter. Especially, the
main aim is to compute gains of a feedback control law such that the
multicopter hovers at a desired height and at a desired time without over-
shoot/undershoot. First, a database that contains various hovering data is
constructed, and then the proposed method computes gains for a query input
from the database. From simulation results, it turns out that the multicopter
achieves control purposes, and hence the new method is effective.
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1. Introduction

Multicopters have been well known as the name “drones,”
and utilized as not only hobbies but also industrial devices
in the various fields whole entire world [1], [2]. They are ex-
pected to play active roles peculiarly in aerial photography,
commodity distribution, agriculture, inspection work and so
on [3]. Moreover, with the improvement of automatic driv-
ing technologies for automobiles, automatic operation tech-
niques for multicopters have been eagerly researched. How-
ever, the number of accidents and troubles that are caused by
multicopters is increasing recently, and regulations on multi-
copters by laws are being tightened. Therefore, safe and high
accuracy control of multicopters are strongly needed. Re-
searches on flight control of multicopters are mainly based on
model-based control, which is a controller synthesis method
by using mathematical models of multicopters. On the other
hand, few studies on data-driven control for multicopters
have been done so far, but it is expected that such new ap-
proaches provide high accuracy control of multicopters by
blending of big data technologies.

This study shall give a new data-driven approach to au-
tomatic hovering control, and we especially focus on “just-
in-time modeling,” which is one of the data-driven control
methods. First, in Sect. 2, the settings on the multicopter
and its automatic hovering control problem are given. Next,
Sect. 3 proposes a gain tuning method of automatic hovering
control for the multicopter based on just-in-time modeling.
Then, numerical simulations are performed in order to con-
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firm effectiveness of the proposed method in Sect. 4.
2. Problem Settings

This section gives the problem settings of this study. First,
a model of a multicopter as a controlled object is explained.
We deal with a multicopter with 4 rotors (so-called “quad-
copter”) as shown in Fig.1 [1], [2], [4], and assume that
there is no disturbance for the multicopter. Let us denote
the center of gravity for the multicopter by (x, y,z), and its
attitude angle by (¢, 6,¥), which is represented by roll, pitch,
and yaw angles. For the physical parameters, m is the mass
of the multicopter, / is the distance between the center grav-
ity and each rotor, Iy, I, I, are the inertia moments for the
multicopter, about x, y, z axes, respectively, J is the inertia
moments for the rotor, 2 is the sum of rotational velocities
for all the rotors, g is the acceleration of gravity. In addition,
u; (i = 1,2,3,4) are the control inputs which are redefined
from rotational velocities of the rotors [4].

Then, the equation of motion for translational move-
ment is given by

1
X = —(cos¢sinfcosy + sin¢siny) uy,
m
1
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m
1
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m
and the one of motion for rotational movement is given by
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Fig.1 A multicopter model.
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Fig.2  Automatic hovering control without overshoot/undershoot.

Hence, the set of (1) and (2) represents the equation of motion
for the multicopter. In this study, we shall consider the next
problem on automatic hovering control for the multicopter
(see also Fig.2).

Problem 1: For the multicopter (1), (2) hovering at the height
z = 2%(¢ = 0), design the control inputs u; (i = 1,--- ,4) such
that the multicopter transfers to the desired height z = Z at
the desired time r+ = T with keeping stable attitude and
without overshoot or undershoot.

Note that Problem 1 requires not only convergence of
the height for the multicopter but also the stabilization time.

3. Hovering Control for Multicopter via JIT Modeling

This section will propose an automatic hovering control
method as a solution to Problem 1. Let us consider the
next control law [4]:

m
u = ———{g—ki(z—Z) + kz},
cos ¢ cos
I .
=——(¢p - D) — k3¢,
up ; (¢ —P) - k3¢ 3)
I, .
us = —7(9 - @) - k49,

ug ==Ly = ¥) - ksy,

where Z, @, O, ¥ are desired value of z, ¢, 0, ¥, respec-
tively, and k; > 0 (i = 1,---,5) are gains. It is known that
for the closed-loop system which is derived by substituting
(3) into (1), (2)’ tli—>nolo(Z(t)’ ¢(t)’ 9([), l//(t)) = (Z’ P, 0, T)
holds. That is, the multicopter can hover at the desired
height Z by (3). However, it is quite difficult to tune the five
gains k; (i = 1,---,5) in order to avoid unstable attitude of
the multicopter and overshoot/undershoot. Thus, this study
provides a data-driven method to tune the gains, and espe-
cially we focus on “just-in-time (JIT) modeling,” which is
one of the data-driven control methods [5], [6]. If the desired
attitude of the multicopter is equal to the initial one in (3), it
is known that the attitude of the multicopter keeps stable for
small values of k3, k4, ks [4]. Hence, we consider a tuning
method for the gains ki, k, based on JIT modeling.

First, let us derive a construction method of a database
for JIT modeling. For a given height Z, perform simula-
tions for the multicopter (1), (2) with the control inputs (3),
and obtain gains kj, kp such that there is no overshoot or
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undershoot, and the condition:
lzt)—Z| <e, ¥Vt =T @)

holds for a given value & > 0 and a time 7. Then, a data
(Z, T, k1, ky) is retracted into the database. Repeating the
above computation method for various data of Z, we con-
struct a database whose inputs are (Z;, 7;) and outputs are
(k1i, k2,;) (N: the number of data in the database, data are
represented as (Z;, T;, ki, k2,;)) ( = 1,---,N)). Next, we
consider a calculation method of gains for a given input data
via JIT modeling. For a query data (Z*, T*), calculate a
distance between it and each input data in the database as

di = (Zi = Z*)* + (T; = T*)%, 5)

and add the distance d; values to the database as
(Z;, Ty, k1 iy ko indi) (0 = 1,--- ,N). Then, sort all the data
in the database in the ascending order of the distance, and
the sorted data is represented by (Z;, T;, k1.i, ka.jnd;) (i =
1,---,N) (the symbol ~ stands for “sorted data”). Af-
ter that, we extract M (< N) data from the database in
ascending order with respect to (5). From the extracted
data (Z;, T, k1i, kayd;) (i = 1,--+ , M), the predicted out-
put (k}, k3) for the query input (Z*, T*) is calculated by
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where an inverse number of the distance 1/d; is utilized as a
weights in weighted mean, and hence it puts higher values for
data near the query input. Finally, the predicted output k7, k7
is applied to the multicopter (1), (2), and we can expect that
it transfers from the initial height z° to the desired height Z*.

4. Simulations

This section shows numerical simulations in order to check
validity of the proposed method shown in Sect. 3. The phys-
ical parameters of the multicopter as set as m = 0.4kg, [ =
0.248m, I, = I, = 0.01467 kgm?, I, = 0.02331kgm?, J =
0.0001757 kgmf, g =9.807 m/s>.

In construction of a database, we set z° = 0 without loss
of generality, and the ranges and intervals for Z, ky, k, are
set as shown in Table 1. The initial and final attitude of the
multicopter are set as the same values: (¢,6,¥) = (0,0,0),
and hence k3, k4, k5 are fixed as small values: k3 = k4 =
ks = 0.001. As a result, a database that contains only
data satisfying no overshoot/undershoot and (4) is obtained
with N = 1547, where ¢ = 0.01. By using the database,
we perform numerical simulations. It is assumed that the
multicopter first hovers at the initial height for 10s.

Consider four simulation settings as shown in Table 2,
and the number of neighbor data in JIT modeling is set as
M = 100. Figs. 36 illustrate the time histories of the height
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Table 1  The ranges and intervals for construction of a database.
’ Data H Minimum | Maximum | Intervals
zZ —-5m Sm 0.5m
ki 0.02 0.4 0.001
ko 0.2 1.3 0.001
Table 2  The simulation settings and the obtained gains.
[(No. [l pe | 22 | z | T | K [ & |
I Up 385m | 5.82m | 14.35s 0.1943 0.828
I Up 3.85m | 8.69m | 20.24s 0.3098 | 0.5693

1 Down | 9.52m | 5.82m | 14.35s 0.1934 | 0.8082
v Down | 9.52m | 859m | 20.24s || 0.00977 | 0.5693

7
6.5 1
5.81
6. .
_55" 1
E 5 1
N4s) 1
4 L 4
35" 24.32 1
3 <
0 5 10 15 20 25 30 35 40

t[s]

Fig.3  The time history for the height of the multicopter (Simulation I).
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Fig.4  The time history for the height of the multicopter (Simulation II).

of the multicopter as simulation results. From Figs.3 and
4, it turns out that in Simulation I and II, the multicopter
goes up to the desired height Z* at the desired time T*
with small error and without overshoot. In addition, from
Figs.5 and 6, we can see that the multicopter goes down
to the desired height Z* at the desired time 7" with small
error and without undershoot in Simulation III and IV. In
all the simulations, it is confirmed that the attitude of the
multicopter is always stable. Moreover, the computation
times of the control gains by JIT modeling is quite small,
thus real time hovering control for the multicopter is realized.
Consequently, from the simulation results we can see that the
proposed method is effective.

5. Conclusions

In this letter, a new automatic hovering control method based
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Fig.5  The time history for the height of the multicopter (Simulation III).
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Fig.6  The time history for the height of the multicopter (Simulation IV).

on JIT modeling has been developed. Especially, the method
computes the gains of the controller such that the multicopter
can hover at the desired heights at the desired time without
overshoot/undershoot by using a database that contain vari-
ous hovering data. Some simulations show that the multi-
copter can achieve given control purposes, and hence the new
method has effectiveness. Future themes for multicopters are
as follows: experimental verification using real multicopter,
3D automatic path following control, and recovery control
to stable attitudes from disturbances. This work was partly
supported by JSPS KAKENHI Grant Numbers 19K04460.
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