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The role of unmanned Aerial Vehicles (UAVs) has become more and more important to obtain 

temporal-spatial data of the tsunami evacuation drill participants’ behaviors. The purpose of this re-
search is to provide fundamental data to develope the multi-UAV monitoring method for tsunami 
evacuation drill, which could reduce the shooting interruption time caused by the short battery life. As 
a result, it was found that the shooting interruption time can be within 30 seconds by setting an UAV 
30m above the shooting spot. Also, a video shooted by the stacking UAV during its stacking has a 
blind area caused by another UAV below, and the blind area was found to be within a 10m radius.  

 
Key Words : multi-UAV monitoring, tsunami evacuation drill, shooting interruption time 

 
 

��- ���� 
&�'()*+,-./01234567'(89:

;<=>?@12A3BCD�EFD89GHIJKA

LM389NOFD89GHIJKPQR?@S;<T

U?@VWXY@Z[\])3^_A^@?V`Dab

DGHA�?@FcdIJK<efXW@g0hiaj

cklUAVmDnoApqr3UAV <R0189GH
stfu<=>r`W1 1)Zvfu)3wYxyz{|

}�~�X�� 11 �AB���`0@'(89NOA
2 ���`�Rr3^_X�M@�g.XW1NO�L
\ 87 al2016 �m3127 al2017 �mDGH��F
d�� l�E��<�����?�AXP89� 

�D�H<��?@Fd�� m389��Fd�� 

<��?@�gA��r`0@Z 
r�r3vfuA) UAV D��# J¡¢.£�X

¤F6A¥¦<}§¨©@<ª70g0h«¬.Y1Z

®M�32016 �DNOX)398 aDNO�L\Dh¯
11 al�°D±²³-mDGH<��XW`070Z
´�) UAV D��# J¡¢Aµh 4 ¶ 30 ·D¥¦
}§.¤�¸1g¹M]�@Z´�X3º��X)3

2 »D UAV <R0@�gX¥¦}§Fd<¼½?@S
;l¾�¥¦fum<=>r1Z 

 
��- �	�
[\])
��3
�� A¿?À�X¾�¥¦<B�r

1Z?7x¯3¥¦~ÁA0@ UAVÂDÃÄAÅ2P
h¤»D UAVÆ<Çk�¨`ÈW3UAVÂ.��# 
J¡¢AÉ�1Yg3ÊËA UAVÆ<¥¦~ÁAÌ
e?@SulÍÎÏÐÏmXY@Z 
ÑAPÃÒ�]¥¦~ÁAÌe?@SulÓÔÐÏm3

 

��� ÍÎÏÐÏÕ¾�¥¦DÀ� 

�
����������	
����

�
��������	���
�
����������	
	����
�
���
����������
����

�
���
����	���
�
���
���������	
	����
� !

"#

��

��

��

����� � � �� � �� � ��
���	�����	�������� ��
������������ !���� �	
"#�	�����	�������� �
  


��� ÍÎÏÐÏÕ¾�¥¦DTÖ× 

�

�

�
�

����

����

����

���	

�����������	
��� �
���� �
������������ �
����� �

 No.42, 2018. 5



 

  

ÃØ�]¥¦~ÁAÌe?@SulÙ�ÚÐÏmP¹M

]�@l
��mZr�r3ÍÎÏÐÏÕ¾�¥¦)3¥
¦~ÁA0@ UAVÂ.Û8?@ÜA3¥¦~ÁDÃÄ
XÇkr`0@ UAVÆ.¥¦<�2@�gAÝ`3

¥¦~ÁXD¥¦}§D¦Þ<ßàáAâ2@�g.X

W@Zr1.`3¥¦}§Fd<¼½?@g0hãÁ

�])3��] 3 KÐÚD¾�¥¦fuD}XÍÎÏ
ÐÏÕ¾�¥¦.PgPäRXY@Z 
å132 »D UAV <R01¾�¥¦X)3æ\Dç

èéê<ë:A*+�¨70ÝhìíDpî.ï2]�

@Z´�X3��:;gr`ðØDñÁ<òór1Z  
 

l±m� UAV ôõ\)3���]Gh UAV ôõA�
r`ö÷?@åXør` UAV <H��70 

lñm� UAV DôõA�?@ö÷ù)stúJ$XÅ
2ø2`È½ 

 
ðÄ<ûåM3¥¦~ÁXD UAV D^_.üý�@

Fdl¥¦}§FdmT )3Öl±mA¿?gÈ�3
UAVÂ3UAVÆD´�þ�.�H?@Fd t13t3 g32
aDôõ\.�����J!�Ï<g@Fd t2 D�	

FdX
��@Z  

� � �� � �� � �� (1) 
 

7È3Fd t1 A�r`)3ôõ\. UAV .ÓÔA

UAV d�� x ðÄ�Hr1�g<�r1FÁX�Û
8���gr`	�r1Z 
º��X)3Çk~Ág¥¦~ÁD�� zg¥¦~Á

gÛ8~ÁD�� xg¥¦}§Fd TD��<�]�A
?@123x=z=30m, 20m, 10m, 5mD 4��D¾�¥¦
<´�þ� 5 ���B�r3�	 20�¶D t13t23t3<

"��ÚÎ��úX	�r1l���mZ7È3¥¦�-
h) 20�gP 50mgr1Z 
�]A3ÍÎÏÐÏÕ¾�¥¦)3��# J¡¢A

µ`¥¦~ÁX¥¦?@ UAV <�kA¡��¨@d
P3¥¦~ÁDÃÄA0@Çk UAV AÇk}�]¥¦
�¨@�g.XW@Z´D123Çk UAV D^_AÝ
`3¥¦}§Fd�D !P"#?@�g.XW@Z

$¬)3Çk UAV D^_A)3ÃØA0@ UAV .%
�&'XråhÁXY@Z
�� )3Çk~ÁA0@
UAV .¥¦r1%ÃXY@Z}(A)½%`0@D
.¥¦~ÁA0@ UAV XY@Z 

 

��� ¾�¥¦fuD*+ 

 

 

��� ÍÎÏÐÏÕ¾�¥¦<B�?@ ! 

 

 

��� Çk~ÁD UAVÆ.¥¦r1^_A^�&,

¥¦~ÁD UAVÂD !l¥¦�- 150m3
UAV d�� 5mm 

��

�

�
�
�
�
�
�

��	
��� ��	
���

�
�
�
�
�
�

�
�
�
�
�

��
	


��
	


��
	


��
	


��
	


��
	


��
	


��
	


��
	


��
	


��
	


���

����

 
��- ¥¦}§Fd T g UAV d�� x,z D��<

��?@12D=>�J" 
�J" ¥¦�- UAV d�� 

1 50m 30m�
2 50m 20m 
3 50m 10m 
4 50m 5m 

 
���- ¥¦~ÁA0@ UAV X-�@./ 01 rg

¥¦�- h3UAV d�� x,zD��<��?
@12D=>�J" 

�J" ¥¦�- UAV d�� 
01204 50m 30m, 20m, 10m, 5m�
05208 75m 30m, 20m, 10m, 5m�
09212 100m 30m, 20m, 10m, 5m�
13218  125m 30m, 20m, 10m, 5m�
19224  150m 30m, 20m, 10m, 5m�

 



 

  

´�X3º��X)3¥¦~ÁA0@ UAV AÝ`
-�@./<	�r1Z3°6A)3¥¦�- h=50m, 
75m, 100m, 125m, 150mD 5�J"´�þ�A�0`3
UAV d�� x=z=30m, 20m, 10m, 5mD 4�J"<	�
r1l���mZ¥¦~ÁA0@ UAV X-�@./)0
1 r X
r3¥¦�- h3UAV d�� x,zD��X45
r1Z¥¦~ÁA0@ UAV X-�@./ r )3~ÄA
67r1 30mD89:J<;<A%Ã�]	�r1Z 
7È3¥¦~ÁA0@ UAV X-�@./ r D5=>

)3Ölñm<R0`?@AABXW3B�>gDCD

AR01Z 

	 � 
 � �

 � 

(2) 

 
 
��- ���
	�AÝ`ª]�1¥¦}§Fd Tg UAV d��

x,z D��<
�	 A¿?Zå13¥¦~ÁA0@ UAV
X-�@./D01 rg¥¦�- h3UAV d�� x,zD
��<
�
 A¿?Zº��Xª]�1E5Dh¯3
�
	A��?@PD<ðØDl±m2lFmA3
�
A�
�?@PD<ðØDlGm2lHmAIV@Z 

 
¼�Ã������������������-

ÍÎÏÐÏÕ¾�¥¦D��D¥¦}§Fd T )3 
2016 � 11 �AwYxyzXB�r1!ÏJK UAV ¥
¦AÝ@stX+y1 4¶ 30·gCDr3UAV d��
x,zA�x]��LA¼MXW@�g.¶�1Z 

UAV d�� x,z .¼0NO¥¦}§Fd T )¼½7
�3x=z=30m, 20m, 10m, 5mD��D¥¦}§Fd T)
ÔPX´�þ�X 19·316·311·38·g71Z 
¼ Ã��!"#�$%��&'(!"#�$%��-

Çk~Á�]¥¦~ÁA UAV <�H�¨@Fd t1)3

¥¦~Á�]Û8~ÁA UAV <�H�¨@Fd t3Ý�

PQ0Zr�r3´DR) UAV d�� x,z .¼½7@
A��`Mà?@Z 
®M�3x=z=30m D��3¥¦~ÁA�H�¨@D

A�r1Fd t1)ÔP 11.5 ·7DA:r3Û8~ÁA
�H�¨@DA�r1Fd t3)ÔP 5.2 ·XY1Z¤
SX3x=z=5m D��3t13t3)´�þ� 3.1 ·32.5 ·
g7�æ\DR)�W½Màr1Z 
£�gr`3(1)Û8~Á�D�H)Û8~Á<�S

?��00DA:r3¥¦~Á�D�H)TUr7.]

¥¦~ÁA UAV <â27���7]�3v��D�H
XPV\DS.Fd<�?@�g3(2)�H�� x,z .¼
½7@gW¶ALU¨�AqX~ÁAYZ?@123F

d t13t3DR.à�½7@�g.¹M]�@Z 
¼)Ã*+,-�./����0123-

UAVÂ3UAVÆD´�þ�.�H?@Fd t13t3) 2
aDôõ\.�����J!�Ï<g@Fd t2 gCV

`>A�[\].�W0Z 
®M�3x=z=30m D��A t13t3 D�[\].ßP

�W½71Z5 �B�r`ßPP1�01gWg^_
A�H�¨]�1FD�HFdDR) t1X 3.1 ·3t3X

1.9 ·XY1Z´�A:r3t2D�[\])� 20 �X
P 0.6·DR.+y@AgOå1Z 
��)3UAV <øå1��¸��H�¨@�g)

ôõ\D�`ab�3ca^_Dd�7OD´DFbD

efD¦Þ<g�@12XY@g¹M]�@Z  
¼4Ã567 �89&��!" 567 :;<�=>�?@-

UAV d�� 5m D��)3	�>g5=>DR.�
W0ZUAV DhG.c7OAÝ`�Br70�gD
¦Þ. UAV d��.¼0NO�W½7@12g¹M]
�@ZUAV d�� 5m XÍÎÏÐÏÕ¾�¥¦<B�
?@��A)3¥¦~ÁA0@ UAV X-�@./)5
=>Ý�P01i m ³-�W½7@jkl.Y�3´

D¦Þ<stÜAÅ�?@�g)9r0g¹M]�@Z

¤SX3W¶7 UAV d��.Y��¥¦~Á UAV X
-�@./D	�>.�Br35=>gDR.à�½7

@ZUAV d�� 10m320m330m D��D5=>gD
R)ß�X´�þ� 0.45m30.27m30.05mXY1Z 
¼AÃ��!" 567 :;<�=>�BCD-

UAVd��<10mðÄm?��3¥¦�-<250m
åXÄn1gr`P3Çk}UAVD^_D}X3¥¦
~ÁDUAVX-�@./)¨0o00110m³-XY
@�g.¶�1Z¥¦�-250m)[\].SpAw
YxyzXB�r1stXq./<¥¦?@12A6�

1rsDY@ß��-XY@Zå13UAVd��.
10mðÄXY��3BCA-�@./.1mðÄ5=>
Ý��W½7@�g)¹M]�70Z 
t��uu<R0189GH!��vJ!�ÏD}X3

wx]2))a°D01<0.259mXyIKzr1Z��)

{

�	� ¥¦}§Fd Tg UAV d�� x,zD�� 

 

 

�
� ¥¦~ÁA0@ UAV X-�@./D01 r g

¥¦�- h3UAV d�� x,zD�� 
 

�

�

��

��

��

��
�� �	


������� ������� ����	�� ����
�

��

��

��

���� 	
�������������

�

�

�

�

�

��

��

��

��

� �� ��� ��� ��� ���
$	
� � ��

���
���

��
��
%�
�

��

��
��

$
	
�
�
�
�
�
��
��
&
 
�
'
!
"
#
(
��

�



 

  

BCD{uÝ�Paa�W2X°D|�P¹}Ae�`

6B��`0@ZÇk}DUAV.¥¦~ÁAY~?@
ÜD^_P�R?��31gM��# J¡¢Aµ`

¥¦}§Fd.iW·Y1gr`P389NOFDH

W<W¶7�-X��XW@g¹M]�@Z4¶30·D
¥¦}§Fd}A�°D1²³-DGH<��XW7�
1g0h«¬)3ÍÎÏÐÏÕ¾�¥¦fu<R0�

���?@g¹M]�@Z 
 
��- E&��
º��X)32»DUAV<R0@�KúUAV¥¦AÝ

`3!ÏJKUAV¥¦X��7½��@��# J
¡¢Aµh¥¦}§FdD¼M<��1Z´DE53¥

¦~ÁXD¥¦.}§?@Fd)30·��AåX¼M
XW@�g.¶�1Zå13UAVDÇk~Á<¥¦
~ÁDÃÄA6BrÇk}�]"#r1^_<R0��3

¥¦~ÁDUAVAÝ`����@./)Y@PDD3
89NOFDHW<W¶7�-X��XW@g¹M]�

@Z 

V3BCD89NOAvfu<�R?@AY1`3

UAVv�D��éê<�8?@12A3OD³-D
UAVd��<m?@�3º��AÝ`ª]�1�
5<��r7.]6B��10Z 
 
FGHº��)3������������ Ä���
��AÝ@st��<ª1Zå13º��D¤�)3

JSPS ���l;���lAm17H01287m3JSPS ���
l��QH"KJ��� 17H07346m3�º ¡¢£¤
Ö��AÝ@g¥���AÝ@��<g�1Z��A"

r`¦î<
?@Z 
 
IJKL�
1)� 	
��3�����3Ä����3wx§�3iaj

ck<R01'(89��GHstfuD¨©3	ª�

�=ù« ¬l®¯�~°��mÕ�±²³´lµ¶}m  
2)� wx§�3·¸¹º3»ª¼½¾t��uu<R01¿�

FD89GH!��vJ!�Ï, 	ª��=ù«3591À3
pp.365-37831998Z 

 




