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Development of Wall Adhesion Drone and
Proposal of Its Utilization Method

Satoshi Hishida™!, Masanobu Oogaki™', Yasushi Hishida™', Masafumi Miwa*?,
Toshihiko Shimizu **
Hishida R&D Co., Ltd *!
Tokushima University **
Kobe City College of Technology **

The aging of engineers and labor shortages are the problems in high-place work such as infrastructure
inspections. The use of drones for inspection work is being considered, but it is difficult to perform work
such as hammering test by hovering. We have developed a wall adhesion drone with a universal vacuum
suction gripper (UVG) on the front of the aircraft. UVG is a vacuum sucker adsorb to uneven surface with
deformable skirt. We call this drone as UVG drone. This UVG drone can hold itself by adsorbing it on the
wall and stop the propeller, so stable and long operation is possible. Furthermore, in order to expand the
work range, we also developed a child machine with work equipment. The child machine is suspended from
the adsorbed UVG drone. UVG is also mounted on the child machine. We report that drilling work on

concrete wall with child machines was realized by this drone system.

Keywords: Wall adhesion drone, Universal vacuum suction gripper (UVG), Hammering test,
Infrastructure inspection
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Geometric-Parameter and Controller Optimization of
Hovering Multirotor Aircraft by Expanding
the Size of the Domain of Attraction

. e%1 *1
Kohei Yamaguchi®", Susumu Hara

Department of Aerospace Engineering, Graduate School of Engineering, Nagoya University *'

A multirotor aircraft is a rotorcraft with more than two rotors. Owing to its relatively simple mechanisms for
flight control, it has been widely used in various fields, such as aerial photography and disaster management.
To determine an optimal design for a multirotor aircraft, the geometric parameters and controllers are quasi-
simultaneously optimized. The domain of attraction, which defines the stable region around an equilibrium
point for a nonlinear system, was used as an objective function for optimization. By finding geometric
parameters and the controller that expands the size of the attraction domain, a multirotor aircraft can be
optimized. The visualization of the domains shows that the optimized aircraft can deal with a larger deviation

from an equilibrium point compared with the original aircraft.

Keywords: Multirotor aircraft, Domain of attraction, Optimal design, Nonlinear system

1. Introduction

Recently, multirotor aircrafts have been used in various fields, including aerial photography, disaster
management [1], package delivery services [2], and hobbies such as drone racing. In 2020, a drone wireless
relay system was demonstrated to provide a person facing a natural disaster with mobile phone access [3]. In

addition, multirotor aircraft provides a promising type of electric vertical takeoff and landing (eVTOL) aircraft
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for flying cars [4, 5]. As the importance of multirotor aircraft has been widely recognized, improving the
performance of the aircrafts with regard to the changes in the state variables has attracted considerable
attention in research. Increasing the number of rotors is an option for improving aircraft performance; a
hexarotor-type or an octorotor-type aircraft performs better than quadrotor-type aircrafts. When the number of
rotors is fixed, the performance of the multirotor aircraft can be improved by changing the geometric
parameters that define the length of the main arms, angle of the thrust relative to the fuselage, position of the
payload, etc. For example, by extending the length of the main arm, the control moment can be increased
without improving the performance of the rotor placed at the tip of the arm. However, methods for optimizing
such geometric parameters have not yet been sufficiently formulated.

This study focusses the development of a method to find an optimal design for multirotor aircrafts. The
optimality of a system is generally ensured by a change in the objective function that effectively defines the
performance of the system. Herein, the size of the domain of attraction (DOA) was used as the objective
function to evaluate the performance of a multirotor aircraft. The DOA is defined by a set of initial states that
converge to an equilibrium point of the system after infinite time. Therefore, DOA is a critical tool in stability
analysis because the size of the DOA shows how much the initial points can be far away from the equilibrium
point while the trajectories can still be converged. Because the DOA directly visualizes the safety margin of the
system, its size can be used to evaluate the performance of the system. In this study, the DOA size was used to
evaluate the performance of a multirotor aircraft from the viewpoints of both the structure and controller. By
searching for geometric parameters and controllers that maximize the size of the DOA, both the structure and
controller of the aircraft can be optimized. In addition, a multirotor aircraft that employs a variable collective-
pitch rotor system was assumed. Each rotor has a main motor to rotate the blades and servo motor to change
the collective pitch angle. Compared with multirotor aircraft having fixed-pitch rotors, the variable collective
pitch mechanism significantly increases the potential applications of this type of aircraft, as suggested in a
previous study [6]. Another study demonstrated an increase in the rate of change of thrust, a decrease in
control saturation, and the ability to quickly and efficiently reverse thrust [7]. The effectiveness of an aircraft
that employs a variable collective pitch rotor system was also shown [8]. By demonstrating the proposed

optimization method for a prospective multirotor aircraft, the effectiveness of the method was investigated.

2. Methodology
2-1 System optimization based on the size of the domain of attraction
The size of the DOA was used to optimize the geometric parameters and controller quasi-simultaneously. For

a system x= f(x, u; t), the definition of DOA R, is given by
Roz{yER:ifx:ythen}iln x(t) :xeq}, (1)

where x is the state vector, fis a nonlinear function, « is the input vector, R is real space, and x,, is the static
equilibrium point of the system. The DOA directly visualizes the safety margin and robustness of the system
around the equilibrium point. In addition, the size and shape of the DOA vary depending on the design of the
geometric parameters and controller. In other words, by choosing geometric parameters and a controller that
expands the size of the DOA, we can search for an optimal system from the perspectives of structure and
control. The simplest way to accurately investigate the shape of the DOA is to investigate the convergence of a

large number of initial states around the equilibrium point via numerical integration. To accelerate the
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calculation, we proposed and studied an indirect DOA size estimation method that estimates the radius of the
hypersphere inscribed by the DOA [9-11]. Figure 1 shows a sketch of the DOA and inscribed hypersphere.

Xi+1 DOA R,

N\ Inscribed
hypersphere

Equilibrium

AY
point

Trajectory diverges

Fig.1 Domain of attraction and inscribed hypersphere.

Instead of randomly distributing several initial states around the equilibrium point, a smaller number of states
is distributed on the surface of a hypersphere. The radius of the hypersphere is updated according to a root-
finding algorithm, such as the bisection or golden-section method, to determine the radius 7p0,. When all
trajectories converge to the equilibrium point after a given period, the radius increases. However, when at least
one trajectory diverges, the radius decreases. To use the indirect size estimation method, the number of states
distributed on the surface was carefully determined. Because the probability that an initial state exists inside
the DOA follows a binomial distribution, the probability that K initial values on the surface of the hypersphere
outside N are inside the DOA is given by yCxp*(1—p)" ¥ where p is the probability that a single state is inside
the DOA. When all the initial states are inside the DOA (K= N), more than p% of the surface is inside the DOA
with a confidence of 1—p". In other words, an arbitrary condition, defined by the combination of probability
and confidence, can be satisfied by changing the number of the initial state N. For example, 95% of the
probability and 99% of the confidence are yielded when N>90 is satisfied.

The estimation result should be conservative because the obtained size is the smallest distance between the
equilibrium point and edge of the DOA. As in Refs. [10] and [11], this method can yield a computational time
that enables the use of size as an objective function of the system optimization method. The geometric
parameters and parameters that define the controller are searched for such that the sphere radius 7, is
maximized. In practice, the optimization scheme is separated into two parts: the S-step and C-step. In the S-step,
the geometric parameters that maximize the radius 7po, are determined. In the C-step, the parameters that
define the performance of the controller are searched. The S- and C-steps are iteratively conducted, and quasi-
simultaneous optimization of the nonlinear system is performed. The SC iteration can be accelerated by
introducing a parallel computing technique and achieving a practical completion time for optimizing a triple-
inverted pendulum system[11].

2-2 Multirotor aircraft Model
Herein, a mathematical model for a multirotor aircraft was presented. As shown in Fig. 2, the body-fixed

coordinate system (x, ¥, 2,), which is fixed to the center of mass of the aircraft, and inertial system (x y z) are
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Inertial system

<V
<—- Element transverse
<—- Flement normal

v z,

Fig.2 Coordinate systems for multirotor aircraft.

defined.

The rotors were alternated clockwise and anticlockwise. The position of the aircraft (x y z) and attitude
(¢ 0 ) are defined in the inertial system, and the velocity V= (# v w) and angular velocity w= (p q 7)
are defined in the body-fixed system. In addition, the angular velocity of each rotor Q,;(i=1, ---, n,) was
considered. The state variable was definedasx=(x y 2z ¢ 0 Y uw v w p q r Q- Qm)T. The equations of

motion for the multirotor aircraft are given by

. 1
V=-aV+CG+ %F (2)

w=-J'@Jw+] M, (3)

where @ is the skew matrix used to model the outer product, C}’* is a conversion matrix from inertial to body-
fixed systems, J is the inertia tensor of the aircraft, G= (0 0 1)" is a gravity vector in the inertial system, and F
and M are the vectors that represent the force and moment acting on the aircraft, respectively. To calculate the
force and moment on the aircraft, the blades of the rotor were discretized into small elements, and the inflow
velocities were calculated for each element. As inputs, the motor torque ¢,,; and collective pitch angle 0, were
considered as %= (¢,; *** g, 01 0,)". The angular velocity of the rotor is controlled by changing the torque
of the motor for each rotor as Q,= (Q,,,— ¢..;) /J.; *, where @, is the torque of the rotor, and J,; is the moment of
inertia of the rotor. Rotor torque @,,; is determined by the lift and drag acting on the blade element. The

nonlinear lift and drag coefficients are given by
Cla)=[1-0(a)](Cy+Ca)+o(a)2sin(a)S:cos o] (4)

<CLO+ CLaa>2

re AR +0(a) (2sin’a), (5)

Cila)=[1-0(a)l| Cy,+

where « is the angle of attack, o («) is the blending function, C,, is the lift coefficient at « =0°, C,,, is a
coefficient, S, is the area of an element, G, is the drag coefficient at a =0, ¢, is the Osward efficiency factor,
and AR is the aspect ratio of the blade. The angle of attack was calculated for each blade element to calculate
the lift and drag. The force F and moment M were calculated according to the position and angle of the rotor.
The moment of the i-th rotor is also modeled as M, = — (J,Q,n;+ J,Q,w X n;). For simplicity, the drag acting

on the arms and fuselage was assumed to be sufficiently small and ignored. The induced velocity for the rotor,
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v;=y/ T./21Sp is used for simplicity. The initial value of the induced velocity »; was calculated using simple
momentum theory. At every step of the numerical integration, the induced velocity was iteratively solved until it
converged to the given value.
2-3 Optimization problem settings for multirotor aircraft

The parameters for the S- and C-steps were defined; Fig. 3 shows the geometric parameters of the multirotor

aircraft.

Center of gravity

Fig.3 Geometric parameters for optimization.

The parameters, including the main arm length [, sub-arm length %;, and rotor mount angles 3; and y,, are
defined for every rotor as i =1, -, n.. To obtain a symmetric structure, these parameters are common for
rotors numbered odd (i=1, 3, 5, --) and even (1=2, 4, 6, ---); in addition, the distance between the fuselage
center and payload center d is used. In this study, the aforementioned continuous parameters were optimized
only in the S-step. Discontinuous parameters, such as the number of rotors and blades for one rotor, were
defined by the authors. The radius of the rotor is 0.15 m and the number of blades is two. The line densities of
the main and sub-arms are 0.1 kg/m. The moment of inertia of the rotor is J,=0.0017 kg m®. The mass of the
rotor, fuselage, and payload were 50, 200, and 300 g, respectively.

To stabilize the hovering aircraft, a linear quadratic regulator (LQR), optimized at the C-step, was employed.

The quadratic cost function J for the LQR is given by
J me(xTQ x+ u'Ru) dt (6)
0

Assuming Q and R are diagonal matrices, q; *** ¢, and 7, - 7, are optimized at the C-step. A linearized system
0x=A0x+B0wu, which is required to solve the Riccati equation, is obtained from the nonlinear equations of
motion as A=9f/0xl,-,.. .. and B=0f/oul,_,_ ,-,., where 0x=x— x., and 0u=u— u,,. The state variable and
input at the equilibrium points x,, and ., are searched for in a trim flight analysis. For hovering flight, for
example, rotation speed Q; and collective pitch angles 0;(i=1, ---, ,) that satisfy (x y 2) =0, (¢ 0 ¥)=0,
V=0, w =0, F,=F,=0,and M= 0 are searched.

The SC iteration in this study is defined as follows: at the S-step, the trim flight analysis is conducted for
every change in the geometric parameters; the inertia tensor was indirectly optimized using the S-step. At the
C-step, trim analysis was conducted only once at the beginning of the optimization search. These problems are
summarized in Table 1.

Therefore, the problem addressed here is much more complicated than in the authors’ previous work [10, 11].

The nonlinear equations of motion that define the motion of the aircraft have 12 degrees of freedom; thus, by
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Table 1 Optimization problem settings.

Objective function Step Constraints

03<1,<10m
-0.2<1h;<02m
S-step —45°< B3, <45°
Maximize: 7pop —45° <y, <45°
-0.5<d<05m

0=¢,<500

Cstep 0<7,<500

changing the geometric parameters, the nonlinear effect can be enhanced. In addition, the iterative calculation
scheme can be unstable for infeasible values of state variables. In the authors’ previous work [12], the
aerodynamic force model was simplified by solving the induced velocity using simple momentum theory to
address the problem. In this study, we employed Monte Carlo-based optimization for the SC iteration. By
investigating the size of the DOA for the stochastically generated set of geometric parameters and matrices for

the LQR, each DOA estimation step becomes independent of the other steps.

3. Optimization Example: Hexarotor Aircraft (n,=6) case

A multirotor aircraft optimized using the proposed method is presented here. As an example, the hexarotor
aircraft (#,=6) in hovering flight (x.,=0) was optimized. In this example, the number of SC iterations was set
to 1, and the number of samples for the Monte Carlo method to estimate the DOA size was 300. The radius of
the hypersphere was updated according to the bisection method. The convergence of a state variable was
investigated to determine whether the state variable was smaller than a given threshold value after 10 s of
simulation time. The original and optimized structures are summarized in Fig. 4.

As shown in Fig. 4(a), the geometric parameters of the original hexarotor aircraft are #,=0.15 m, ;= 0.5 m,
B:;=y;=0°(i=1, -, n,), and d=0.2. In addition, the initial matrices used to define LQR performance are Q =
diag {1} and R=diag {1} . The DOA size of the initial hexarotor aircraft was 7,0, = 0.0316. As shown in Fig. 4 (b),
the parameters optimized at the S-step are /,35=0.396 m, l,,5=0.794 m, h,55= —0.0969 m, %, = — 0.00622 m,
V135=19.8°, Vou6= —0.614°, B,355=35.1°, By45=15.5°, and d=0.248 m. The optimized matrices are Q =
diag {6.04 21.8 102 46.2 128 174 14.6 55.9 274 7.40 45.1 3.79} and R =diag {109 0.0123 14.2 6.46 262 145 134 130
98.2 260 489 340} . The size of the DOA was 7,0, = 0.0887, which is approximately three times larger than the
original value. By conducting a DOA-based optimization, a hexarotor aircraft that can deal with a larger
deviation from the equilibrium point was obtained. As a result of the change in #;, all rotors are inverted. By
changing the rotor angles, 3; and y;, the lift generated by each rotor was also changed. In other words, the lift
generated by the aircraft projection on the xy-plane was larger than that of the original hexarotor aircraft.
Because the lift of the rotor can be used to generate the yaw moment, the optimized hexarotor aircraft can
handle a larger deviation from the equilibrium point. These results also show that the even numbered main
arms are approximately twice as long as the odd arms. The angles f3; and y; of the even numbered arms are
larger than those of the odd numbered arms. Because the length of the odd numbered arms is longer than that
of the even numbered arms, a larger control moment can be generated with smaller angles 3; and ;.

To evaluate the obtained geometric parameters and matrices Q and R, the DOAs of the two hexarotor-type
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Fig.4 Comparison of the geometric parameter optimization results for the hexarotor-type aircraft.

aircrafts are shown in Fig. 5. To investigate the performance of the aircraft with regard to the deviations in the
variables accounting for the attitude, (¢ 0 %) are chosen as the axes. Several initial states are generated by
randomly changing the variables ¢, 0, ¥, p, q, 7, and the convergence of the initial states is investigated by
integrating the equations of motion (Egs. (2) and (3)). The colors of the markers indicate the time required
for convergence. The red markers depict the initial states that cannot converge to the equilibrium point within
10 s. For visibility, the range of the ¢-axis was set to [ —0.1 0]. As shown in Fig. 5, in the vicinity of the
equilibrium point, the initial states converged in a shorter time. As the initial states move away from the
equilibrium point, the convergence time tends to be longer. One can see that the size of the optimized aircraft
in Fig. 5(b) is larger than that of the original aircraft in Fig. 5(a). Moreover, the convergence time of the
original hexarotor-type aircraft tended to be longer than that of the optimized aircraft. Therefore, the proposed
method works successfully, and the aircraft improves its performance with regard to the deviations from the

equilibrium point.
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Fig.5 Visualization of the DOAs for hexarotor-type aircraft.

4. Conclusions

In this study, a method for optimizing a multirotor aircraft based on the size of the attraction domain was
proposed and studied. Using the fast domain of the attraction size estimation technique, both the geometric
parameters and parameters of the controller that expand the size of the domain were searched. By applying the
proposed optimization method, named S- and C-steps, a hexarotor-type aircraft that can deal with a larger
deviation from an equilibrium point compared with the original aircraft was obtained.

In addition, the proposed method can be efficient in optimizing multirotor aircraft in the forward-flight state.
The reduction of the head-up pitching moment that limits the cruise speed of a multirotor aircraft can be

achieved by optimizing the geometric and control parameters. Although the optimization will be useful for
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various eVTOL aircrafts, the aerodynamic interaction between the rotors should be modeled. The authors will

continue to improve the proposed method in future studies.
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Construct a Concept of Operations (ConOps) and
Identify Social Implementation Issues for Use of
Drone-based Remote Technology in Firefighting

Hajime Sasaki*'!, Takeru Kayano*?, Yoshihiro Teramura*®, Osamu Akimoto™®, Shinji Suzuki**
Institute for Future Initiatives, The University of Tokyo ™'
ITID, Ltd.*?
School of Engineering, The University of Tokyo **

The rapid development of elementary technologies for drone-based remote technology, allowing access to
environments that are difficult for humans to enter, has opened the door to a wide range of potential
applications. The practical use of drones for disaster prevention and monitoring in high-risk environments
needs to be fully harmonized with societal systems at the design stage. The European Aviation Safety Agency
(EASA) requires the submission of a Concept of Operations (ConOps) at the beginning of the Specific
Operation Risk Assessment (SORA) process for flight missions in Specific category. Japan is also required
to submit a revised aviation risk assessment plan by 2022. While a certain institutional design has been
established in Japan with the implementation of the revised Civil Aviation Law in 2022, the submission of
concepts for both technical and social aspects is currently left to the individual response of operators. In

Japan, the construction of ConOps in drone-based remote technology is limited in terms of methods and
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items, and examples are also limited. In this study, we attempted to construct ConOps based on the systems
engineering using the case of firefighting support by multiple drones in an urban building fire. At the same
time, we extracted items for conceptual study, technical verification, and business verification that should be
considered in social implementation. The realization of these guidelines will facilitate the process of
consensus building between operators and stakeholders on the necessary technical requirements, service
requirements and social constraints. It will contribute to the social implementation of drone-based remote

drone technology.

Keywords: Concept of operations, ConOps, Firefighting, Drone-based remote,
Social implementation issues
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Factor Analysis of UAS-Related Accident in
Japan (2015-2021) and Preventive Methods

Using CRM Skills
— Further Prevention of Human Error-Related Accident—

Dai Ohhara™" **
EVA Airways (B777 Fleet, Flight Management Department, Flight Operations Division) *!
Five Star Group Inc.*?
As the use of unmanned aircraft is expected to expand significantly, accident prevention is the most important
issue. This study classified the characteristics and factors of unmanned aircraft accidents that occurred in
Japan between fiscal year 2015 and 2021 and were reported to the Ministry of Land, Infrastructure, Transport
and Tourism. 448 accidents occurred during the seven-year period, and 78% of them involved human
factors, excluding those with unknown accident factors. In particular, 82% of the accidents with multiple
factors involved “inadequate flight planning.” Regarding the reduction of accidents, it is desirable to extend
“Crew Resource Management (CRM),” a non-technical skill for aviation safety, to the unmanned aircraft

domain to prevent recurrence.

Keywords: UAS, accident, human factor, CRM (Crew Resource Management), remote pilot,
competency, safety
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I0EL D)y —A%EHLT
EHMEED DL, TH L 2RERIC
PEDRN RS I T B HEF
T 5o

RV T & [ o 5347
(Anticipation and
Analysis), PE - {TEID
L ¥ 2 — (Critique)

ITERHE IR & AL 72
JADFRT i Hha 5 &
) RIETRERMITF-Z &
12k, Biko BB RRE
HHEBZ LYy F /00—
NAIZZ>TLE o7

BARZE OO L2 &I IZED
MR VEOER T o AHIEE
EFC, WENPLOHEEE &
D, MRS RS A LG o s
BH2 S TE B 72 HBER TS o

¥EBAMEL 2D (RAE
13 2%) BHEIHHZ TR
Do BEEER X N— DR,
FoBEErE=y— L, Hikz
ET L,

Al & e S (Planning
and Time management),
R DITIR & Bk AT

(Monitor and Recognize)

- HERERR O THIL 2
JEAZKIE T & TR RS
gg‘%ﬁﬁl L7,

KGRREZ F IR L, R A
L7 a 1 E B IR T 2 ik
%o

EHAMPE %5 (RWTE
L5 %) %& iz Catmis
%o

A & FEEEEE (Planning
and Time management)

- BT XD iR
JAAIR N T W7z, H
EFEcEFAICIE S
720

e AALZ2HEIZ ) — V8 A T DRI
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LR D %A (Decision)
5% (Vigilance)

CEHEE OB RS
By & A LR, G#Y)
LB TE Rdr o720
fé B3 5 7 oD #E RS R T
b olzo BRMEF L BRIREE
BEDOFHIFT AT+
BCTHolZlnb, R
RN - 2 NN S R B

fa B T O FRTHERE % it & &
WED—HT 5 2 & TREHILH
X5, HAEEB X BRI,
2N UNAT R QIS AVASY VAT & )
WTHANZIT A 2TV X
LEEHIT, BEERERIIERA, S
i AT BEEE E RS S

I0EL D)y —2EFEHLT
TG EED D, e O RExH L
DOHMER LWL HIZ, B
HERMD A v N—% =y —
T 5o HHE.OMHE TR EA
DR I RS 5o FIKk
BEZTEBEIE— T 5

RILOT & R O 5547
(Anticipation and
Analysis), % A7 Ot
(Distribution), 7' — 7 1
> 7 (Briefing), ') — % —
v v 7 (Leadership)

- RATRAGGRED Ny 7 1)
DFEEZENH60% O IKGE
THRIT*WIBL, €0
%, BEEWAL O T
T — AR S TW-DIZ
LR ST, AT E Ak
S,

MATBHAG R Ny 7 ) OFEED
100%TH5HZ & &R L ET
fERBAMGT 5 o BlbFRE I 16
L, Ty, EibikE
WY 25% & Kiiii & 72 o 72 A2
RN IRR ST S,

LEMRDIZOELZEDTE
WIS A RS B, B
MR & 7 A 7 DR % Z 1
L CHET o BRI i
T a2 3R+ 5,

fFIEfE D EI (Decision) ,
BN A
(Prioritizing), KUl
& T o 53HT
(Anticipation and Analysis)

- HIRIOFRAT & 1 P4ELL

FHIEARENTBY, H
HIFEE O RSB L RO
EAHAL DY, T2, Hil
HD S OEBE S D7
nolzs

BB L O alE 0%, R
TIPS OFHIMERE, AT S
AHEDOHIHME ZMET o
72, RAT SR B E LHBIE AR A M
DIEFWE 2 UL T %o

BNTWDEZ LTy REE#®RE
Fo CTHiE%E T4, faliTh b
LRI HO RO %
Wb, EEVHSDY AT %
EFEIZS D LIRS T
Py

5% (Vigilance), ZE4x~~
D FERE (Assertion), % A
27 Octs (Distribution)

- i Bh B HNEE AFLZERE D
BIEEMRELTBEL T,
it & i oMk
HHAEYTH o7z T
72, AT SRS, AT
KD B AL 22D
TTLTCWo28, EikE
EpgE: L7 REMED B
Z) o

I AL ZERR O TRAT IRV O B % 1
KT 5 eI, Bt L HICE
WEERBIIT Do F7o, MM
s 4Rt (N e U N DE PN
WZete DA B DO WTHESET 5,

AHE D LA R0 [ A~ D X L
HERT B T — 2 D8
T =X AEE=ZY—L, ¥
FLVERBI MRS 5, B
A N—=OIRW, B O %
Ty —L, HlERET S,

71) —7 4 ~ 7 (Briefing)
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EMR AR L — 8 —HEE%D
BEIC X AT T4 MIRT 5
HEROBEL, BEoM AN FHig
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With the launch of new operations of drones starting in the UA level 4 Flight in Japan or the U-Space in EU,
various practical drone operations are increasing rapidly. While it is considered that regulations on specific
operations are also required at the same time, in this paper, the author was able to examine the application
of the characteristic operation methods applied in each country in the Japanese civil engineering and
architecture industry and the need for specific new regulations by examining regulations or research trends

related to drones in various countries, and systematically & collectively convert them to data.

Keywords: Global, Drone, Regulations, Civil engineering, Architecture, Construction

1. Introduction

Social implementation of drone (UAV) is further advancing as the revised Aviation Law was enforced on
December 5, 2022 in Japan, and the range of specific utilization is expanding. Since different types of UAV
operations are increasing rapidly, more specific regulation-establishments or infrastructure-developments for
certain industries are expected to be needed urgently such as the infrared investigation by UAVs for exterior
wall tiles[1]. Meanwhile, UAV regulations are rapidly established and developed around the world, therefore, it
is necessary to have an organized/reliable information from each country as the demand for international
drone operations is expected to increase.

For that reason in this paper, the research of drone acts from official aviation authorities of different
countries are summarized, and a research of the trends of drone academic journals using the global research
database, Web of Science[2] (WoS), which includes 100% of the journal impact factor given journals was
conducted.

The consideration will be given to discussing the possibilities of advancing the UAV utilizations in different

aspects of operations in the Civil Engineering/Architecture fields after the analysis of the research results.

2. Research Methods
2-1 Drone Laws/Regulations

The data in Table 1 was obtained from governmental sources dedicated to UAVs from respective countries,
and the official information was summarized from law statements of the aviation agencies or ministries such as
MLIT (Japan), FAA (USA), CAA (UK), CASA (Australia), EASA (EU), ENAC (Italy), CAAC (China), KOCA
(Korea), CAAS (Singapore), CAD/TCCA (Canada), etc.

O suggests that laws or regulations exist or described in official information from governmental authorities.

X suggests that clear statements or regulations were not found.

The cell which has only explanation without the above suggests that there is a system under development, or
general rule will be applicable even though this rule is not having direct description to this categorization in the
table.
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Table 1 (a) Drone Laws & Policies in each country as of March 2023.
Drone laws & policies
General drone
Drone Pilot license UTM Beyond visual Safety
registrations (training) or (UAV traffic Height Night line of sight (uninvolved
g drone operator | management) (BVLOS) people, etc.)
O O
All: =100 g, O Permissions,
Type 1 Model/ © Permissions or license: ©
. First rank UTMS: . o ) 30 m from
Japan Aircraft (Category 1) - | rolling out in the © or license: second rank/ people
(Category I ), ; 150 m second rank/ | second type or NS
Second rank coming years buildings,
Type 2 Model/ (Category 1) second type or above. vehicles. efc
Aircraft gory above Including Level T
(Category II) 4 (DID)
O
=250 g, o
Multiple O :
China categories O UACS © O O 30 m from the
. (drone cloud 120 m :
depending on R crowd
. service)
weight,
purposes
O UTM: Developing
UsS Certified: all O FAA & NASA O O under the
(differ by | (<55pounds), | Certified RP & | are conducting 400 feet Anti-collision BEYOND O
state) Recreational: recreational research (about 120 m) lighting program (some
>250 g (& LAANC) exceptions)
- o ® ®
All =250 g or ATM (Air Traffic . . . O
T Follow basic Within specific .
UK <250 g which is O Management), o VLOS princile | category with Horizontal
(some not a toy and Flyer ID ATC, ATS, P P g y distance: 50 m, !
o . X 120 m & operational ;
similarities | with camera: | (theory test) & ANSP (Air i L or 1:1 rule
. . . (400 feet) lighting/ authorization .
with EU) register as operator ID Navigation . Lo . (Differs by
. illumination (DID: with
operator/owner Service requirements DAA) drones, etc.)
(not drone) Provider) a
O
O
EU Same as UK @] O. 30m
(some O O Specific France/Luxe
. UAS Operator & O .
differences Drones: onl trainines for U-Space 120 m With green category (and mburg: 30 m,
in each -only ng P (400 feet) flashing ligh certified) Italy: 50 m
when the drone pilot .
country) . . (DID: %) (Differs by
is certified
drones, etc.)
O © RTM (UTM):
250 g-25k Basic& | 4 oveloping with © o © ©
Canada >gz5 ke £ advanced SkySgnsis & 122 m With licht With permission 30 m from
0 KE: (for 250 g- . (400 feet) & (DID: %) bystanders
certificate AirMarke
25kg)
0 o UTM: o o o
. Business: all, Operator under O L.
Australia . e 120 m L. Authorizations 30 m from
Recreational: accreditation, | development & (400 feet) Authorizations (DID: X ) conle
from mid-2023 ReOC, RePL reviewing laws ’ peop
CommeScial' all ©
Non-profi t'. all ” | Pilot certificate o o
South >2Kkg, <TYI.)€ 1-4 Under O With special With special O
Korea according to the | development 150m . .
Safety . . flight approval | flight approval
. . aircraft weight
certification: for>250 g)
>25 kg g
O
. @)
e | g o | o
. E (UA tracker) @) Within line of | With operator
. O certificate, UA . .
Singapore e 200 feet sight permit and O
>250 g: all pilot license C ..
. Necessary for (about 60 m) | (lighting system | Class 1 activity
(depending on . .
. operator permit for BVLOS) permit
purpose, weight, holder
location)
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Table 1 (b) Drone Laws & Policies in each country as of March 2023.
Drone laws & policies
General drone Civil engineering ‘ Architecture
Operating over (:‘I;e:xaif‘lg ZS Recreational
uninvolved a . Micro drone . Indoors (Or other industries)
conle permission/ flight
peop authorization
© O x . O Infr?red
Not allowed Same rule Other laws such | Guidelines for | . ..
Japan O Drone act . . ) investigation by
except level 4 applies as radio act, etc. using new .
(Category 1I) (<100¢) can apply technology [3] UAV for exterior
wall tiles[1]
O
‘When the crowd
. is approaching: O Same rule X
. X .
China ~10m O (<250 g) applies (Plant protection)
(horizontally
too)
Uus O O O «
(differ by | Wavier (some O =0.55 pounds Recreational X (Telecommunications, highways)
state) exceptions) (=250 g) flyer » ghway
o A ber of x
O Specific (and O CZS&: Iriil(? r?i;g d -Drone safe register™: network of
UK (Differs by certified), <250 g which is & commercial drone operators:
. model aircraft . . . .
(some drones, certain not a toy and . roof inspection, thermal imaging,
Do e . . . . organization, X . .
i similarities categories, exceptions for with camera: 3D modeling, church/spire
[ X . or open & . X .
with EU) assembly of =1kg of no registration, X inspection, survey, construction,
.. specific .
people, etc.) tethered UAS & no training categor mapping, etc.
operation gory -Guideline from church
o O Authorization to
EU . Specific model aircraft
(Differs by
(some category (and clubs/
b drones, . @) ..
i differences . certified) associations, X X X
[ categories, . Same as UK
in each (excluding STS, or open &
assembly of . .
country) cople, etc.) applicable from specific
beople, ete. 1/1/2024) category
O
O (<250 g)
Canada With advanced SFO CC? RPAS No drone Se;melireléle X X X
certificate certificates DD
require
O O O
(X except (=250 g) Operator
Australia approved O Operator accreditation X X X
delivery accreditation from mid-2023
services) only for jobs (>250 g)
© Permisosion for O
Prohibition over O X
photograph, =250g o
densely . . All aviation No approval
South flight approval, All aviation . .
populated areas N safety rules or | required; night X X
Korea special flight safety rules or . . .
or large crowds . pilot codes is ok too with
N approval, pilot codes . sy
without . . applies proper lighting
ermission business applies
P registration
X
O O (Mentioning
o =250¢g Training O illustrations for
O .. | (Nopermitsor | certificate or License or “UA operator
: . . Operator permit . N . .
' Singapore Medium/high (CFMS & UA licenses are pilot license for permit are « permit and a
: risk category of required if flight >1.5kg. required Class 1 activity
tracker), . .
BVLOS .. . purpose and depending on permit” such as:
activity permit . B .
location doesn’t | Educational rule | purpose or use a survey or an
require them) =recreationa inspection of any
site or building)
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2-2 Trends of drone utilization

Figures 1-6 and Table 2 are the research results™' of the trends of drone academic-research journals
obtained from WoS. Some papers are included in multiple categories, creating duplicated results. Unrelated
papers were still included even after careful filtering. Also, 2022’s results were lower than 2021’s, possibly
because the latest papers are not updated/included yet. Additionally, the most common unrelated occurrences

of the term “drone” included papers on bees as well as the pharmaceutical drug, dronedarone, etc. were

excluded.
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Fig.1 Global drone utilization case study in conferences or journals in “WoS”.
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Fig.2 Percentages of global drone utilization case study.



66 A =% H¥r-EmHN HEZ
® World mUSA = China “ South Korea ™ Australia ® Canada

m [taly = England H Japan m Singapore ® Turkey ® France

150

*Architecture data is displayed in dark-red color

0 II-_-___ - II-.-I_- -|IIII-- - o ‘II--I — “Illlll- “‘IIII--.I ‘|Illllll--

2012 2017 2018 2019 2020 2021 2022
Fig.3 Utilizations of drones in civil engineering and architecture respectively.

100

Number of papers

50

Architecture, 7% Civil Engineering, 93%

WUSA [ China [South Korea MAustralia BCanada MItaly BJapan M Others*?

Fig.4 Percentages in civil engineering/architecture fields.



Global Drone Regulations and Research Survey with the Examination of Its Application 67

B Survey = Inspection = Construction Disaster = Environment = Urban
150
w100
8
2 L
2
S L
S
E L
g L
< 50 b
- |
, = =
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Fig.5 Utilization of drones in respective topics in civil engineering and architecture (right).
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Table 2 Most cited papers in civil engineering/architecture.
Field Title Keywords Summary (excerpts)
global positioning system (GPS), laser
scanning, photogrammetry, robotic
total station (RTS), airplane and
. . helicopters, remotely piloted vehicles .
Mobile 3D mapping (RPV) ., unmanned aerial vehicle The scope of the presented work is the performance
for surveying ’ . evaluation of a UAV system that was built to rapidly
(UAV), unmanned aircraft systems
earthwork projects ’ K 4 and autonomously acquire mobile three-dimensional
(UAS), 3D range point cloud
using an Unmanned . &€ port (3D) mapping data. A performance model for
. . generation and mapping, autonomous . . o
Aerial Vehicle (UAV) vision-based. infrastructure sensin estimating the position error was developed and
system efficiency pI,‘O ductivity and safety i ’ tested in several realistic construction environments.
geomatics and surveying, construction,
checking, construction & building
technology, engineering
This paper describes the dynamics of an UAV for
monitoring of structures and maintenance of bridges.
. . . . . . I 1 11
A UAV for bridge bridge inspection, visual servoing, t presents a no've Cf)ntro a‘fv based on computer
R . . R R . vision for quasi-stationary flights above a planar
inspection: Visual unmanned aerial vehicles, automation, . , L.
. . 1 target. The first part of the UAV’s mission is the
servoing control law | construction & building technology, S, . e .. e .
with orientation limits | engineering navigation from an initial position to a final position in
an unknown 3D environment. The new control law
uses the homography matrix computed from the
information obtained from the vision system.
Survey-grade UAVs that incorporate internal RTK-
GPS for high accuracy positioning and requiring a
single operator only to safely deploy in the field,
remove the need for separate and time-consuming on-
beach survevs. coastal monitorin ground surveying of ground control points (GCPs),
Structure fr(fm’ motion. RTK. GPSg’ previously required during post-deployment data
Civil UAVs for coastal DEM/DTM, coastal erosion, coastal procegs ing. Rapid post-storm dep loyment (.)f UAv
. . . . surveying has been successfully integrated into an
engineering | surveying mapping, coastal management,

photogrammetry, topography,
engineering

established coastal monitoring program spanning 4
decades at Narrabeen Beach, Australia. This has
extended the scope of this program to include
detailed measurements of dune and beachface
erosion spanning the full 3.5 km long embayment at a
spatial scale and temporal resolution that were
previously unfeasible.

A review of rotorcraft
Unmanned Aerial
Vehicle (UAV)
developments and
applications in civil
engineering

unmanned aerial vehicle, UAV
application, automatic control, artificial,
intelligence navigation, image
processing and analysis, nuclear power
plant, transportation, disaster response,
construction management, mobile
mapping, flood monitoring and
assessment, flight control,
simultaneous localization, probabilistic
roadmaps, trajectory tracking, control-
system, control law, design, algorithm,
network, air, engineering, instruments
& instrumentation

This paper gives an overview of the state of UAV
developments and their possible applications in civil
engineering. The paper begins with an introduction to
UAV hardware, software, and control methodologies.
It also reviews the latest developments in technologies
related to UAVs, such as control theories, navigation
methods, and image processing. The paper concludes
with a summary of the potential applications of UAV
to seismic risk assessment, transportation, disaster
response, construction management, surveying and
mapping, and flood monitoring and assessment.

Autonomous UAVs for
Structural Health
Monitoring Using
Deep Learning and an
Ultrasonic Beacon
System with Geo-
Tagging

damage detection, neural-networks,
identification, computer Science,
construction & building technology,
engineering, transportation

This article proposes an autonomous UAV method
using ultrasonic beacons to replace the role of GPS, a
deep convolutional neural network (CNN) for
damage detection, and a geo-tagging method for the
localization of damage. Concrete cracks, as an
example of structural damage, were successfully
detected with 97.7% specificity and 91.9% sensitivity,
by processing video data collected from an
autonomous UAV.
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Field Title Keywords Summary (excerpts)
Mini unmanned aerial vehicles complemented by
structure-from-motion (SfM) photogrammetry and
ACCURACY mo.dern p.er-plxe.l image ma.tchlng algorlthms cz%n
deliver a time-series of landslide elevation models in
ASSESSMENT OF A . . . . .
landslides, UAV, structure-from-motion, | an automated and inexpensive way. This research
UAV-BASED . . . . . . o .
georeferencing, bundle, adjustment, investigates the potential of a mini UAV, equipped
LANDSLIDE . . .
MONITORING DEM with a Panasonic Lumix DMC-LX5 compact camera,
SYSTEM to provide surface deformations at acceptable levels
of accuracy for landslide assessment. The study
adopts a selfcalibrating bundle adjustment-SfM
pipeline using ground control points (GCPs).
The research aims to develop a protocol for
Infrared drones in the Unmanned Aerial Vehicles with infrared cameras (IR-
con.strgctlon industry: unmanned aerial vehicle, drone, UAVs) ﬂlghts to survey l?uﬂdlng t%lermography to 1{se
designing a protocol K . . IR-UAVs in the construction domain. Through a series
g thermography, infrared inspection, . .
for building Fotocol. zero enerey buildin of test flights and a literature study, the protocol was
thermography p ’ gy £ developed. The protocol was verified during a final
procedures test flight surveying PV-panels and the thermal shell
of a building.
This article presents the application of a very small
and ultra-lightweight drone (less than 300 g)
. 3D laser scanning, deterioration equipped \fnth a low-cost camera, particularly suitable
Modeling and X .. for operating in very narrow spaces. A close range
.. . mapping, digital photogrammetry, K
deterioration mapping . . . photogrammetric survey performed to analyze a huge
. ortho-mosaic, ultra-lightweight UAV, s . . .
of facades in historical historical building facade in Bologna (Italy) pointed
urban area, urban facade, structure- L.
urban context by . . . . out a good accuracy level, confirmed by the validation
from-motion, 3D, heritage, registration, .
close-range ultra- acquisition. complex. architecture of the results carried out by a 3D laser scanner
lightweight UAVs 4 . P o i survey. Moreover, a map of the degradation has been
. construction & building technology, . . .
Architecture | photogrammetry enineerin realized to support further restoration analysis,
£ € demonstrating that this low-cost, fast, and easy-to-use
survey technique can be applied to other similar
urban contexts at the same time.
In the project SUAVE, the investigation was conducted
whether an octocopter UAV photogrammetric survey
would perform sufficiently well in order to repeatedly
CLIFF COLLAPSE .survey .Cllff face geometry z%l?d.derlve rock fall
inventories amenable to probabilistic rock fall hazard
HAZARD FROM computation. An experiment was therefore run on a
REPEATED UAV, 3D point clouds, putation. Aft €xb .
. well-studied site of the chalk coast of Normandy, in
MULTICOPTER UAV | photogrammetry, cliff collapse hazard, . .
Mesnil Val, along the English Channel (Northern
ACQUISITIONS: Normandy, France . . ..
France). Point cloud density proved a critical
RETURN ON . )
EXPERIENCE parameter to reproduce faithfully the chalk face’s
geometry. Additional ICP was necessary to reach
centimeter-level accuracy and segment rock fall scars
corresponding to the expected average daily rock fall
volume (ca. 0.013 m?).
COMBINATION OF Photogrammetric images and terrestrial laser scans
TERRESTRIAL were carried out as part of a measurement campaign
LASERSCANNING, for the three-dimensional recording of several historic
UAV AND CLOSE- churches in Thilisi (Georgia). The aim was the
RANGE laserscanning, photogrammetry, data |complete spatial reconstruction with a spatial
PHOTOGRAMMETRY | fusion, 3D reconstruction, cultural, resolution and accuracy of approx. 1 cm under partly
FOR 3D heritage difficult external conditions, which required the use
RECONSTRUCTION of different measurement techniques. The best
OF COMPLEX completeness and quality of the resulting 3D model
CHURCHES IN was achieved by using laserscan data and images
GEORGIA simultaneously.

*1 Research themes based on the keywords: “Drone/UAV/Unmanned Aerial Vehicle/UAS/Unmanned Aerial System/sUAS/Unmanned Aircraft
System/Remotely Piloted Aircraft/RPAS/Aerial Robotic Technology/Unoccupied Aerial Vehicle/Unoccupied Aerial System/Remotely-Piloted
Aircraft System/Unoccupied Aircraft/Unmanned Aircraft/Unmanned Multicopter/Autonomous Aircraft” as of February 2023

*2 Others: “South Korea/Australia/Canada/ (Italy) /England/Singapore/Turkey/France”
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3. Analysis

The ratio displayed in these graphs is only for the selected data, so when looking at the original data in WoS
which includes all countries or fields, these ratios will change slightly. It is not practical to list all fields (over
200 fields) and countries in one graph, and the presented graphs still give very close image to the obtained
original data, so the graphs were created in this way.

The data of graphs was collected from 2000 to 2022, and the number of total publications of papers in Drone
topic was 40,865 in the world as of February 2023 (Table 3). China accounts for almost 29%, USA accounts for
about 20%, and South Korea was 5.6%. Japan accounts for 2.7% and it is 12th in WoS data base.

In Civil Engineering field, which accounts for 1.73% of total Drone related papers in original data (1.23% in
Fig. 2), USA comes at top and accounts for almost 40%, China and Korea follow as they account for about 27%
and 6.7% respectively. Japan accounts for 2.3% and it comes at 10th (Table 4).

In the same way, Italy comes at top in Architecture field as it accounts for almost 35%, Spain and USA follow
as both account for about 8.3%. Japan accounts for about 4% (Table 5). However, the percentage of total
numbers of Drone related papers for this field was only about 6% to Civil Engineering field. This is thought to
be because Civil Engineering field is very large field that most of Architectural works can be included in Civil
Engineering work.

When looking at years of publications, past 4 years accounts for more than half publications of Drone related
papers in past 22 years. This shows a clear steep increase in numbers of Drone research.

Same can be said for Civil Engineering field, however, only past 3 years account for more than half
publications of Drone related papers, so Civil Engineering field shows a rapid growth in the entire drone field.

For Architecture field, on the contrary, this steep increase is not shown, but instead the year which had most
publications in Drone topic was 2019 (14 publications, 29.1%) and 2016 (11 publications, 22.9% ). Only these

combined 2 years will account for more than half of publications in past 22 years.

Table 3 Publication of papers Table 4 Papers related to drone in Table 5 Papers related to drone in
related to drone. civil engineering field. architecture field.

rogions | comt | 40865 retions | comt | 2006 || Loon™ | count | 018
China 11,847 29.0 USA 279 39.5 Italy 17 354
USA 8,076 19.8 China 190 26.9 Spain 4 8.3
Korea 2,291 5.6 Korea 47 6.7 USA 4 8.3
England 1,950 4.8 Australia 37 5.2 China 3 6.3
Italy 1,838 4.5 Canada 33 4.7 Germany 2 4.2
Canada 1,612 39 Italy 28 4.0 Japan 2 4.2
Germany 1,576 3.9 England 24 34 Netherlands 2 4.2
Australia 1,574 3.9 Germany 24 34 Poland 2 4.2
Spain 1,452 3.6 India 18 2.6 Scotland 2 4.2
France 1,293 3.2 Japan 16 2.3 Korea 2 4.2
India 1,259 3.1 Spain 16 2.3 Ukraine 2 4.2
Japan 1,112 2.7 Singapore 14 2.0

From Figs. 1 and 2, it is shown that drone mechanic itself, communication, and system-related research are

the majority, and the Environment, Geoscience, Geography, etc. follow them. As can be seen from Figs. 3 and 4,
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Civil Engineering data is much higher than Architecture as the former includes a wider range of operations.

Looking at all graphs together, China appears to be leading in drone-related research, while USA data seems
to be highest in the Civil Engineering field. This is probably because China is more active in research on drone
and its systems, while in the USA there is more research on practical applications on Civil Engineering. And as
for Architecture field, Italy seems to be advanced as shown in Fig. 6, and this is probably because there are
more studies related to archeology or old buildings such as churches (Table 2). In addition, since many
studies in Architecture focus more on the building itself, the results that include “Environment” is lower than
that of Civil Engineering, and “Building” in Construction is higher (Fig. 6).

*Although Japan has many academic papers related to Drone, most are published only in local societies’

journals, so they're not reflected in the data obtained from WoS.

4. Discussion

As seen from Table 1, Japan seems to be more advanced than other countries in regulations related to
drones for construction industry. For the further development of the industry, specific regulations or systems
can be considered, such as Singapore’s indoor operation rules[22], and UK’s registration system of drone
operators approved for specific operations that can be outsourced[11].

Additionally, there are many narrow roads with high buildings in Japan, and it can be considered that the
approach of research and experiments conducted in “Modeling and deterioration mapping of facades in
historical urban context by close-range ultra-lightweight UAVs photogrammetry,” in consideration of these
environments can be applied to Japanese structures and buildings (Table 2).

In Japan, the wooden rate is high not only in housing but also in public buildings[27], yet compared to other
studies, there are few studies and experiments on the wooden structures conducted globally, and there are
currently no specific rules regarding the use of drones in wooden buildings. However, using Drones for
wooden structures has many advantages. For example, by equipping thermal cameras to drones, it is possible
to identify many construction defects, water leaks and some electrical problems such as outlets that are hotter
than others because of overloaded circuits, damage, or loose wiring. It can help curing these deficiencies early
on, when they are less expensive to fix.

With the detection of the signs of heat and energy loss around the building — whether poor insulation, gaps
in cavity walls or inefficient appliances — spots where energy loss has occurred can be recognized. Fixing
these issues early can often mean lower energy bills.

Therefore, what can be considered for the drone operation is that “MLIT, Notification No0.282, 2022” [1] may
be further developed, and regulations that may be required to apply to wooden structures may be established.

In addition, there are approximately 9,000 articles in analog regulation laws, and in October 2022, Japan
Government announced a policy for reviewing 99% of these[28]. Additionally, MLIT is already conducting
multiple activities such as reflection of UAV photogrammetry work rules in the standard rules, investigation
and study on efficiency improvement of UAV photogrammetry, revision of UAV laser survey work manual, or,
demonstration experiment to consider the necessity of creating rules and support measures when using river
skies as flight routes, etc. [29].

These movements from Japan government can speed up the establishment of regulations or rules that is
related to digital technology, which is linked to Drone directly as it uses digital technology. Therefore, it is

expected that the regulations related to the above-discussed items or many other items will be easily
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considered and enacted in the near future, which will enhance the growth of each industry in Japan because it
will lead to massive cost down and improvement of efficiency in many different aspects as it is already proved
by many demonstration experiments conducted by government and companies. Not only that, but this will be
one of the prime examples in the Global Drone industry as Level 4 Flight is currently an advanced law in the

industry. In the future, regulatory-system developments may progress for global drone operations.

5. Conclusions

1) The UAV rules in Japan are readily intelligible, compared to US' that differ by state, and EU’s that require
confirmation in the country where drone operation is necessary. The rules in Japan are also published in
English besides Japanese, while in China and France, English translation is not available from the official
authorities.

2) Unlike other countries, operating drones beyond visual line of sight over densely inhabited districts, is an
official rule in Japan.

3) Civil Engineering/Architectural fields show the important role in Japan and is advancing from the
viewpoint of drone regulations globally.

4) As general drone regulations are established and implemented in different operations rapidly, detailed
regulations for each specific operation are becoming necessary just as many regulations are already
planned and put under consideration by Japan government, and different considerations and discussions

could be made in this paper.
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Global Drone Regulations and Research Survey
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Table 1. Drone Laws & Policies in each country as of March 2023
Drons Laws & Policies
General Drone Civil Engineering [ __ Architecture
Drone Registrations Pilot License UT™M ‘Height Night [Beyond Visual Line of| Safety (Uninvolved O ti i Micro Drone Recreational Flight Indoors (Or other industries)
(Training) (UAV Traffic Sight (BVLOS) people, etc.) uninvolved people Permission /
Dr O M:nigﬂ:ﬂl) i
O [ O [ [ [ [©) ] [Same rule applie: K3 [¢]
All: Z100g, Type 1| First rank Ral.hng nut in the 150m Permissions, Permissions, | 30m from peaple, [ Not allowed Drone Act Other laws such | Guidelines for |  Infrared
Model/Aircraft | (Category ) - | coming years o License: Second | or License: Second | buildings, vehicles, | except level 4 (< 1009) usingnew | investigation by
Japan (Category IIl), Type| ~ Second rank type type or| etc. (Category ) Radio Act, ete. | technology ~ [UAV for exterior|
2 Model/Aircraft | (Category 1) above above. can apply wall tiles
(Category 1) Including Level 4
(DID)
[©) [€] [9] [ [ [ €] [ [€] [€] [Same rule applies k3
=250g, UACS 120m 30m from the crowd | When the crowd (<2509)
China Multiple categori (Drone Cloud is approaching: (Plant Protection)
depending on Service) =10m
weight, purposes i t00)
O UTM: €] Developing under [ o [ [ [¢] X X
us Certified: All (<55| Certified RP & | FAA & NASA are 400 feet Anti-collision the BEYOND Wavier (some =0.55pounds | Recreational
it by stat) pounds), Recreational  [conducting research] ~(About 120m) lighting program (some exceptions) (52500 Flyer (Telecommunications, Highways)
2 Recreational: (& LAANC) exceptions)
>250g
X 9 [g) () (9] [} €] 9 [ ] As a member of 3
All 2250g or | Flyer ID (theory | ATM (air traffic 120m Follow basic VLOS | Within Specific [Horizontal distance{ ~ (Differsby | Specific (and | <250g which is [ CAA recognized Drone Safe Regmter" Network of
i < 250g which is not test) & Operator ID[management), ATC| (400 feet) principle category with | 50m, or 11 rule drones, certified), notatoy | Model Aircraft |Commercial Drone Operators:
(Some similarities | @ oY and with ATS, ANSP (Air & operational | (Differs by drones, | categories, Certain [and with camera:| ~organization, Roof inspection, thermal imaging,
:iih Eg" s camera: Navigation Service Lighting / authorization etc) assembly of | exceptions for | no registration, |  or Open & 3D modeling, church/spire
register as Provider) illumination | (DID: with DAA) people, etc.) Sikg of | &notraining |Specific category inspection, survey, construction,
loperator/owner (ot requirements Tethered UAS is
drone) operation Guideline from church
[©) €] [9) [ [ O [©) Authorization to X K3 X
SameasUK | UAS Operator & U-Space 120m [With green flashing| Specific category 30m, (Differsby | Specific category| Sameas UK | model aircraft
EU Trainings for pilot (400 feet) light (and certified) ~|France/Luxemburg:| drones, (and certified) clubs/
diffe in| Drones: Only when DID: ) 30m, categories, | (Excluding STS, associations,
each country) the Drone is Italy: 50m assembly of | applicable from or Open &
certified (iffers by drones, | people, etc) 1/1/2024) Specific category
etc)
o) [e) TV () 9] 9] ) 9] [g) e <] P2 3 X
Australi Business: All, Operator Under 120m Authorizations Authorizations 30m from people [(X except approved| (=250g) Operator | (>250g) Operator
S i m itati Do (400 feet) (DID: x) delivery services) acereditation only | accreditation from
mid-2023 ReOC.RePL | reviewing laws for jobs mid-2023
(9} () () o (9} 9 9 9} ) 9] [¢) X b3
" >250g: All CFMS 200 feet Within line of sight| =250g
Piogapore (About 60m) ~ [Lighting system fo
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On Geometric and Control Parameters Optimization for Multirotor-type
Aircraft based on the Indirect Size Estimation of the Domain of Attraction
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Formulation of Incident Report Format for Flight of
Unmanned Aerial Vehicles

Ryota lida*" **, Masato Ebine*" **, Hitoshi Igarashi*" *?,

L*3  Masayuki Kusakabe**, Hisanaga Kuroki*" **

1

Ryu Murakami*
Graduate School of Risk and Crisis Management, Chiba Institute of Science *

2

Faculty of Risk and Crisis Management, Chiba Institute of Science ™

School of Health Science and Medical Care, Meiji University of Integrative Medicine **

In recent years, unmanned aerial vehicles (UAVs) have been utilized in various fields due to their relatively
low cost and technological advancement. While the use of drones is increasing. The number of accidents
involving UAVSs is also on the rise, with 71 accidents reported to the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) in the fiscal year 2020, doubling to 139 in FY2021. One of the reasons for
the increase in the number of accidents involving UAVs is the lack of effective countermeasures based on
past accident cases and their insightful studies. This study attempted to create an incident reporting format
for drones by employing the methodology used in the healthcare industry for incident reporting. It involved
the classification of accident causes and the setting of incident levels necessary for conducting risk

assessments.

Keywords: Risk and crisis management, Incident report, Drone (UAV)
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