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In-depth analysis of the prior researches on

Literature Survey

: 51 articles fifs Sienss

Review of the relationship between
Survey Study human management of firefighters and A o
: 1,021 respondents firefighting drones

Recognition of fire drones according to
personal characteristics of firefighters

!

In-depth interview Fire drones expert In-depth interview
: 8 experts . [ ‘

[ Using and application of fire drones J

Survey Study
: 1,001 respondents

X

[ Conclusions and Limitations }

Fig. 1. Research methods and procedures flow.

,11,



gol2 RAFF/I Pl Wb} AW, G golE s1%e A

PI

o}
w2} Drone, RPV(Remote Piloted Vehicle), UAV(Unhumanized Aerial

Vehicle), UAS(Unmanned Aircraft System) 5o & W&o LHaojx

SeH® o)l et Fo1gtE 7| 5ol H @A WA E 2elE Wo] &8
ARe sel'sh Wsithe o golald fA® SEow WAL oA

Bod 9% Qleh WaAAE FAAE 9 AT, vaAe] AR, Auw
B, o Au), BAgH Fom PAHM GCSlt madste] Fae 9%

FA e vgAe] FAF AHE B3 RUEHYS $8] GUI(Graphic User
Interface) = TAEHo] At} =3k GUIYAE Al7]H](IFR :  Instrument

Flight Rules)S 913+ A&, GPS, ¥3F 55 45 FiEog Aany,

,12,



o

}oeust glol A m

A=

Aol Aot

WE
il

)

=9 FHfoll w

=

1)

5)79]

314 9] (Fixed Wing),

g A el FEjel wek =2A

=20
—_ - 1

T =

(Co-axual), Tf

(e}

(Rotary Wing), ¥ E =¥ & (Tilt-Rotor), =44

0|

il

or

rvze)

B

ox

. X
2T

ol

H =
T

E] & (Multi — Rotor) &2 Table 13} o]

3 o F3] ol

E
S

A EBFRE

o

H| & 3} 7] o]

A

stoh

4ol 7t=

S

2o shwa Alzslol,

oz
=

2

=E 9}

o
T

,13,



57 ol%3 1 wdo] sbsaAu, WA 23 Hztan vkl

Aokt 229 olele S wiel vk 1YL FHWAY SEL

ZE Y] Fo] LR wHEo] F ZEHE 7o T o|&dto] A=
o o e JHEA, du Z&o) Houw, 2T 9 At
st Aol AN ol ZH AAFloR <ld] F7b FEe]
Asts Aol ok mpATe R g REY =22 3 o4 ve
R2EHE HAZ HAAE HAG U8, dTLIE s T2 AL

ARk, where] JES Wol wtm nlgAlzke] Atk wRo] g

,14,



Table 1. Characteristic according to the type of the drones

Division Feature
‘Long endurance is possible due to relatively
low fuel consumption
Fixed Wing | ‘Requires a runway of wide open area

‘Medium/high-altitude long-endurance unmanned

aerial vehicle system

Rotary Wing

‘Take-off and landing in a narrow space 1s
possible due to the vertical take-off and
landing function

‘Long endurance i1s limited due to low fuel
efficiency

‘Operate 1n mountainous terrain and areas with

frequent weather changes

Tilt-Rotor

‘Vertical take—off performance of rotary wing
and high-speed flight of fixed wing are
possible

‘Difficult to secure system stability/reliability due
to large and structurally complex aircraft

‘May be suitable for missions that need to be

completed in a short time

Co—axual

‘It 1s easy to increase the flight time by
increasing the amount of fuel
‘Dual rotor system creates additional drag

-Applied and utilized for various tasks

Multi — Rotor

‘Equipped with three or more rotor blades to
obtain lift and thrust

‘Can be relatively affected by winds such as
gusts

‘Used for agriculture, aerial photography, etc.
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Table 2. Classification according to the flying radius of the drones

Division

Flight radius

Purpose and Size

MR
(Medium Range)

(More than 12 hou
rs of flight)

(Time)
LR -Strategic information
650~ 3,000 km o
(Long Range) support mission
200~650 km ‘reconnaissance and

in—formation gathering

‘Big drones

SR
(Short Range)

50~200 km
(8~12 hour flight)

‘Support for units be-
low corps level

‘Medium sized drones

CR
(Close Range)

50 km
(Flight within
32 hours)

-Support for units be—
low the division level
‘Tactical drones

-Small drones

,17,
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Table 3. Classification according to the risk of drones

Division

Characteristic

Model Flight

‘Non-business, 250 g or less

‘Camera, Visual Equipment(FPV), No external
attachments

‘Maximum flight altitude of 20 m or Iless,
Flying distance 50 m or less, No flying over

people etc.

Low risk
Unmanned

Flight

-Air weight 7 kg or less
‘Kinetic energy 400 J(provisional) or less

air—craft operating

Medium risk

‘More than 250 g¢ ~ 25 kg or less
-Constant kinetic energy (Over 1,400 J in a

Unmanned )
weight of 250 g to 7 kg or less than 14,000 J
Flight in a weight between 7 kg and 25 kg
High risk
‘Weight less than 150 kg that does not fall
Unmanned
under any of the above
Flight

,19,
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Table 4. Jeonnam HQ special rescue team drones

Kinds Matrice 210 Inspire 2
Specifications (M210) (T650A)
Purpose Mission Training—Mission
, (WidexLengthxHight) | (WidexLengthxHight)
Size (mm)
883x886x398 425x427x317
Weight (kg) 4.8 3.44
Maximum Take-off
) 6.14 4
Weight (kg)
Maximum Flight g 7
Distance (km)
Maximum Flight
31 94
Speed (km/h)
Wind Resistance (m/s) 12 7.7
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Fig. 2. Matrice 210(M210).

Fig. 3. Inspire 2(T650A).
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Step 1 Choosing the databases

Step 2 Review of abstract

Step 2 Selecting the related researches
Step 4 Searching the keywords
Step 5 Review of title

Step 6 Selection of review researches

Fig. 4. Methodology of literature review.
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Table 5. Studies of search and rescue

Authors

Contents

Kwon et al.(2017)%

Juan et al.(2018)%

‘Drones with autonomous driving function

introduced into the search for missing

persons

Kang(2018)"

Arnold et al.(2018)%"

Iob et al(2020)*?

Karaca et al.(2018)%

Claesson et al.(2017)*"

‘Search time comparison between drone

and rescue team

‘The verification of significant difference

between the mannequin search time of

the water rescue team and the drone

Cha et al.(2018)%*

Jin(2019)*

‘Extraction and analysis of deep learning

elements through the data of drones’

aerial search patterns

Lee et al.(2020)%

Kim et al.(2017)%

Tariq et al.(2018)%”

Gallego et al.(2019)*®

‘Coast guard and search for survivors

using drones

,31,




Lee et al.(2016)*

Avanzato et al.(2019)*”

‘Search for people by detecting wifl

signals sent from mobile devices

Shamsoshoara et al.(2020)

‘Search and rescue through swarm
K ¢ al(2019)% flight by using drones
im et al.

‘Rescuer  recognition using  drones

Quan et al.(2019)*V

Krishna et al.(2019)'"

Kobayashi et al.(2017)*?

Rohman et al.(2019)%®

equipped with Pixhawk flight controller,
SiK Telemetry Radio, wireless receiver,
transmitter system, 1mage analysis
system, and infrared thermal imaging

camera 1S proposed

‘Development of multi—sensory surveillance

drone with ultra-wideband radar system,
radio frequency identification system, and

positioning system

Valsan et al.(2020)%"

Llasag et al.(2019)*

Mishra et al.(2020)*"

Silvagni et al.(2017)*

‘Search and

Sibanyoni et al.(2019)®

‘After a drone equipped with a PIR sensor

detects a person’s life, it transmits the

GPS coordinates to the rescue hub

‘Proposal of drone with human activity

recognition

‘Proposal of a life search drone system

based on avalanche beacon

rescue using a drone
equipped with a 2D sound source location

system

,32,
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Table 6. Studies of disaster and fire monitoring

Authors

Contents

Kim et al.(2019)*"

Verykokou et al.(2018)°"

Kim et al.(2019)*?

Lee et al.(2019)'?

Lee et al.(2016)>

Nam et al.(2019)>"

Park et al.(2019)'V

Deng et al.(2019)>

-Analysis of damage scale after generating

3D disaster topographic information and
orthogonal image map using drone-mapping

technology

‘Proposal for a system that can grasp

support such as prioritization of restoration
in disaster—affected areas and the scale of

damage

‘Proposal for a drone architecture system

that transmits disaster situations on a 3D

Screern.

‘Proposal of a program to evaluate fire

severity through images transmitted from

drones

‘3D reconstruction of collapsed buildings

using images taken with drones

Cho(2018)

‘Finding a plan that can be used ing the

field of disaster through drone journalism

Lee et al.(2018)%

Zhang et al.(2019)*

-Analyze sections that may threaten the

safety of nearby roads in the event of a

mountainous disaster

-propose modelling of earthquake sites

through multiple drones

,36,




Simoes et al.(2020)'"

Pham et al.(2020)'¢

Islam et al.(2019)>

Rabinovich et al.(2018)%”

‘Provide effective data to firefighters by

tracking and monitoring firefighters using

drones

‘Proposal for a system that monitors the

fire front to track and transmit the

moving route prediction situation

Aljehani et al.(2019)

-Safe map creation for disaster victims

through mobile GPS, tracking pedestrians

and area scanning

Al-Naji et al.(2019)®

‘Life Signs Detector Using a Drone in

Disaster Zones

Oliviu et al.(2020)*

“Transmission of post-explosive environmental

conditions data using drones equipped with

control system and image identification unit

,37,




3 SUMOIAA, TETF EF ) Bope AT

Sgo B§ At woldol wek A AAL HEHA PSS 7
WAoo SRe BEH gwel el ATE AAsta Uk 20134
ofrlEL 16 Km olule] AgelA 308 o] A5ow wEd 4 3l

T2 opupE xEhq] olo]E WEsheal, 2014 DHLS ¢€% 3&H

ol - AED(Automated External Defibrillator) %< wj&o] 345 o] =3
)R Ro g 8y u glth Sanfridsson 58 =28 o] &) AAXA

2ol Al AEDS Algstes dds JAFside. Ad2 B 2 FolA

W gEel whel AEDE ARg A Sobmghon], Awiele 2083 A
Aadzo} uags wA e dwow THANAT. Ad A3

AAA gate Al =20] AEDE Wiz 2o ESEdS oE

,38,



she

5

=062) o
Q)

3t} Seguin

5o
1 =

o
A&

gyl
e

X

N
ofp
;Q,..ﬁ

o

s

A
N

o 714

FRom, o

)

2%

g
BR
fite)
<

o] 945AE o

= TEdd

al7] $lskel

73

&

or

0|
oo
<N

—_
fite)

B

oo

o]

i

I} A E 2T

—_
fite)

i

T
oo
<N

B
file)

E

o
N

= A

o
4

]

she

1

S
vl

Hlo

] 1 v}

[}
2
.

53 CHmi i

=23

S

d

59

Alzro]l A A= Gyroscope, GPS

=1
[}

}At}. Nair

o5

A

o] )54t g1xo] THE

—_
fite)

: [e)
Transmitter A 2~€1S

,39,



(@)
R

ETRRNE T

Recevier 7152 ©A)

= A

| dFAo Al FHEVE HolEL

2 o|%s

-
st

o] =20 GPSH

I EES 1% ol 7

glolu], 9le]

=65 o
[e) T

=2 YEelyth. Amukele

ne.

T
) .

0]
PR

o~
T

B

=2
=

B

—_
fite)

e
o

=
T =

of A% RBC(Red Blood Cell), PLT(Platelets)

F1 2™ Plasma Units(FP24)= 4.7 L

3t WS

14 ZAE ol

O
1l

It

A7 100 meol A

T
p &

Cooler

2 1 gk

3

13
[e]

% 7

op
B
e

Y
)
il

e

3

il

I B¥te =ghojolo] iz

] 3

=
=

o] =9} Coolerd] &% HX

P
F

o
e
o

&

<5 RE7F UERARE E2E 9]

o

1.5~4.0 °Ce] mA|

ok
ol

AN
file)
‘mO
No
oj

o

Jo
—_

)

op

,40,



Table 7. Studies of delivery(rescue kit, AED, blood etc.)

Authors

Contents

Seguin et al.(2018)%

Bickman et al.(2018)%

‘Propose a method of delivering the

life jacket of a drone by analyzing the
average time that rescue workers and

drones deliver the life jacket

Sanfridsson et al.(2019)%"

‘Delivery of AED to drone when

cardiac arrest occurs

Nair et al.(2019)%"

‘Transport inflating vest of drones

through location tracking of wrist

band equipped with emergency button

Sanjana et al.(2020)%

‘Information on drone medicine delivery,

hospital information, and first aid

methods through the app

Kim et al.(2017)%"

‘Propose a search and rescue method

using drones which make it possible
to save a man overboard within 30

minutes of an incident.

Amukele et al.(2017)%

‘Blood delivery using drones

,41,
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m 20~29

= Male = 30”’39
® Female
= 40™~49
® 50~59
Gender Count Age
B Fireman
m Fire fighting = Senior Fireman
| Fire = Fire Sergeant
administration
H Rescued = Fire Lieutenant
Emergency
“ Rescue ® Fire Captain
Pt ® Assistant Fire
Chief
mFic
Department Job position

# Less than 5 8 Less than 5

=610 =6~10
m 11 ™45 = 11715
16~20 i
m2195 2T 2a
= 2630 w2650
Internal work experience External work experience

® Less than 5

m6~10

=11~15

m16 ™20

m21™25

m 26 ~30

Total work experience

Fig. 6. Personal characteristic of firefighter.
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Table 8. Firefighters awareness of aging by personal characteristic

Frequency
Char. Division | N Aware Not aware | Mean | SD %
(% in group) | (% in group)
Aging 20~29 |145| 60 (4138 | & (B862) | 159 | 049 | 14.20
30~39 407|236 (5799 |171 (42.01) | 1.37 | 048 | 6357
awareness
by age 0~49 | 242|175 (7231) | 67 (2769 | 118 | 039 | 14.10
50~59 | 22718 (8150) | 42 (1850) | 1.19 | 040 | 813
(g; ng) Less than 5| 450 | 215 (4778) | 2% (5222) | 152 | 050 | 445
6~10 149 | 108 (7248) | 41 (2752) | 129 | 045 | 106
Aging 11~15 87 | 64 (7356) | 23 (2644) | 123 | 042 | 109
awareness 16~20 8 | 67 (T701) | 20 (2299 | 1.8 | 045 | 97
by total 21~25 1221104 (85.25) 18 (1475) | 117 | 037 | 88
work 26~30 |108| 8 (7870) | 23 (21.30) | 1.18 | 038 | 138
experience | Over 31 | 18 | 13 (7222) | 5 (2778 | 128 | 046 | 18
(Year)  |Less than 5/ 926 | 583  (62.96) | 343 (37.04) | 137 | 048 | 85
Aging 6~10 4 | 30 (66.67) 15 (3333) | 128 | 045 | 52
awareness 11~15 |22 |20 (9091 (909 | 120 | 041 | 34
by Internal 16~20 199,16 (8421 (1579) | 114 | 036 | 14
work 21~25 8 | 6 (75.00) (2500) | 115 | 038 | 1.3
experience 26~30 ik (100.00) (0.00) 1 - 0.1
(Year) |Less than 5/ 5391280 (51.95) 1259 (4805) | 149 | 050 | 49.1
Aging 6~10 144 1107 (7431) | 37 (2569) | 1.28 | 045 | 142
awareness 11~15 9 |77 (T8 | 22 (2222) | 124 | 043 | 115
by External | 16~20 & | 68  (80.00) 17 (2000) | 1.20 | 040 | 82
work 21~25 9 | 78 (1879 |21 (2121) | 121 | 041 | 93
experience 26~ 30 53 | 46 (8.79) (1321) | 117 | 038 | 74
(Year) Over 31 2 | 2 (100000 | 0 (000 1 - 0.3

,49,
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(=
[a=]

ISH’

o
Fireman Senior Fire Sergeant Fire Fire Captain ~ Assistant Fire Etc.
Fireman Lieutenant Chief

W Aware S%in group — B Mot aware % in group

Fig. 7. Aging awareness by job position group.
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® Present

= 2029
® within 10 = 3039
® after 10 to 20 m 4049
= after 20 to 30 = 50™59
E after 30 m over 60

What is the age limit for

When is firefighters aging?
% BMET  firefighting field activities?

® Poor stamina

m Fire fighting

# Fire administration

u Field
responsiveness

u Rescue & Emergency
u Self-efficacy /
= Rescue

= Teamwork

What are the expected Which job is expected to
problems when firefighters cause the most problems
are aging? when firefighters are aging?

Fig. 8. Aging recognition of firefighters.
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44
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38

36

34

32

Aware  Notaware = Aware ~ Notaware = Aware  Notaware ware  Notaware | Aware  Notaware
[
Improvement and Re-employment Themanagementof  Application of advanced Job position change to
establishment ofthe  connection forretirees .~ physical fitnessby equipments administration
retirement management. | physical fitness program department
policy

Fig. 9. Preference for a solution to firefighters of aging.
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®20~29
® 30~39
®40~49
" 50~59

= Male
® Female "
Age

Gender Count g

. B Fireman
m Fire
administration = Senior Fireman
® Fire fighting = Fire Sergeant
o Rotic B = Fire Lieutenant
Emergency m Fire Captain
= Rescue
B Assistant Fire
Chief

Department Job position
® Less than 5 ® Less than 5
® 6~10 "6~10
®i1-15 ®11~15
" 16~20 " 16~20
M 21~25 ®21-~25
" 2680 ®26~30
m Over31 ® Over 31
Internal work experience External work experience

= Lessthan 5

"e~10

®11~15
' " 16~20

®21~25

" 26~30

m Over 31

Total work experience

Fig. 10. Personal characteristics of firefighters.

_63_



Fig. 113} o] vbebweh

T
g IS

g ianlatifay

POt RS

o o=
83

o
=

o

o

olo

il

23t gl SHAE 4% (44%) 07 ey

B} A

957 (95.6%), <14

E S 1139(11.29%),

o

=g

8887 (88.71%6) .= L} EFRE o,

T
b

4

S
T

A 13, 1678 (14.41%)

S
R 5

2t % 6178 (54.95%)

gl

- Kelpe]
ﬁ%e TL‘%

4 13], 149(12.38%)2 7] 18], 5 139} "t7]] 13]

< 11%H0091%)e= A 1371 7V

219l

T
-

& 7139 (80.29%) 2. &

219l

?l_

b oBe Ao e,

,64,



= Know = Yes

= Do not know = No

Awareness of firefighting

Operating Experience
drones

® Once a week

= Onice a month

mYes
= Once a quarter
u No
= Once a half year
® Once a year
Number of operating Willing to run a drone

Fig. 11. Firefighters’ drone recognition.
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prevention of safety accidents

Fig. 12. Firefighters’ drone operation.
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m No

Help in retirement management

Fig. 13. Training of drone operators.

_70_



FqEo A g e 4979(4965%), T 3941(39.36%), HE 9B
(9.49%), 2 ¢tk 9%(0.9%), "9 d8 Ut} 68(06%) = ERLS
HF AR Felo] tigt FEoAE vlg Fe 49678(49.55%), 8 3939
(30.26%), H5 83W(879%), 8 vk 179(1.7%), WS- F2 §ir 79
(0.79%) 0. %2 RS

A A= ER1 o= i B8 4507 (45.85%), E& 41549
(41.46%), =& 999(9.89%), 22 ¢t} 199(1.9%), s Za §it 949
09%) o= FAHAT. AFAD A} FEeM= v Fa 1647
(16.38%), Z& 2047(20.38%), B% 3937(39.27%), & ¢lvt 17179(17.08%),
- e glth 6978(6.89%) = UEtston g2 AkEe] g QhdxA] &
Zo e m)$ Do 357H(35.66%), L2 397 (39.86%), KHE 1907(18.98%),

2 gtk 3678(36%), "7 L vk 198(1.9%) o= ekt

,71,



=0
Ho]"é"é‘

% AL dEdA = g B2 3699 (36.86%), B 3989
(39.76%), H-& 173'8(17.28%), H& {lvt 407 (4%), "% €8 {lvh 219
(21%0)0.2 JEiston, A9 | A9 FHold= v da 3087
(30.77%), 28 34778 (34.67%), B& 2578 (25.67%), T2 Sl 597 (5.89%),

w5 d2 glrh 307 (3%) o2 FIEH A

,72,



Field
command

Situation
propagation

Safety measures
for requesters

Direct fire
suppression

Site preliminary
risk check

On-site
information check

49.65%
Search for

requesters

0.60% : i j

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%

W Veryyes  ®Yes. M MNormal -®Not mVerynot

Fig. 14. Drone application field.
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Table 9. Analysis of differences according to drone operation

experience
Char. Mean S.D. t-value
4.1770 0.9086
Safety measures L 79°
for requesters 40203 0.9291 '
1.1681 0.3757
secure drone s
-3.04
operators 1.3052 0.4607
participation in 1.0680 0.2529
drone operation -2.97
training 1.1895 0.4029
Help in 1.1858 0.3907
retirement -3.99""
" and " representing statistical significance at the 1%, 5%, 10%

levels, respectively.
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Table 10. Variance analysis according

to total work experience

o Less Omr
Char. Division 6~10 | 11~15 | 16~ | 21~5H | 6~30
than 5 3l
prevention | Number | 437 | 90 | 75 | 73 | 104 | 92 6
of safety
accidents Mean 4.380 | 4.356 | 4520 | 4.384 | 4.500 | 4.587 | 4.667
(F-value
1.87) S.D. 0.686 | 0.916 | 0.623 | 0.680 | 0.683 | 0.614 | 0.516
Number | 497 106 33 34 119 106 6
Search for
requesters
Mean 4332 | 4.245 | 4.446 | 4.321 | 4.471 | 4481 | 4.667
(F-value
1.85%)
S.D. 0.705 | 0.993 | 0.703 | 0.714 | 0.699 | 0.693 | 0.516
. . Number | 497 106 33 34 119 106 6
Direct fire
suppression
Mean 3.314 | 3.019 | 2964 | 3.226 | 3.319 | 3.236 | 4.000
(F-value
1.87)
S.D. 1.405 | 1.203 | 1.214 | 1.068 | 1.119 | 1.117 | 1.095
L Number | 497 106 33 34 119 106 6
Situation
propagation
Mean 3.988 | 3.887 | 4.060 | 4.095 | 4.177 | 4.330 | 4.333
(F-value
2.97°)
S.D. 0.944 | 1.107 | 0.992 | 0.926 | 0.870 | 0.752 | 0.516
. Number | 497 106 33 34 119 106 6
Field
command
Mean 3.821 | 3.642 | 3.735 | 3.964 | 3.941 | 4.019 | 4.000
(F-value
1.81%)
S.D. 1.007 | 1.165 | 1.105 | 0975 | 0.942 | 0.985 | 0.894
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Age
Number | 345 80 62 62 87 64 6
group of

drone Mean | 2.770 | 2.846 | 2983 | 3.017 | 3.353 | 3.063 | 3.400

operators

(F-value S.D. 0.935 | 0.927 | 0.833 | 0.892 | 0.869 | 0.924 | 0.548
546™)
Help in

Number | 497 106 33 34 119 106 6
retirement

management Mean 1.270 | 1.396 | 1.301 | 1.345 | 1.403 | 1.443 | 1.500
(F-value
3.48)

S.D. 0.444 | 0491 | 0462 | 0478 | 0.493 | 0.499 | 0.548

, " and " representing statistical significance at the 1%, 5%, 10%

levels, respectively.
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Table 11. Fire drone possession and operation status

Si-Do Ad(.)ption | Application types
Headquarters time Quantity Fire Reseue | Total
(Yr/Mon) accident
National 119 Rescue (13/11) 5) 2 20 22
Seoul (15/8) 31 296 116 412
Busan (15/9) 18 39 68 107
Daegu (17/5) 2 7 43 50
Incheon (18/12) , | 9 2 11
Gwangju (17/8) 8 9 94 103
Daejeon (20/2) 13 9 13 22
Ulsan (15/12) 6 - 3 3
Sejong (19/11) 2 - 3 3
Gyeonggi (15/12) 16 59 248 307
Gangwon (16/2) 12 18 282 300
Chungbuk (20/6) 2 3 49 52
Chungnam (17/7) 19 56 209 265
Jeonbuk (16/2) 1 3 2 5
Jeonnam (18/8) 5 5 21 26
Gyeongbuk (16/6) 17 52 35 &7
Gyeongnam (16/6) 25 63 343 406
Jeju (15/9) 5) 2 48 50
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Table 12. Personal characteristics of firefighters

Total work
) Age Job
Part Task Department | experience o Code
(Year) | position
(Year)
N Fire Situation Senior
] Other 10~15 40~49 i A
Station room Fireman
M Fire fire 119 Fire Fire
) ) 5~10 30~39 B
Station | suppression House Sergeant
H Fire 119 Fire Senior
) Rescue 5~10 30~39 i C
Station House Fireman
) 3 ) Fire
M Fire fire 119 Fire _
. : 10~15 40~49 | Lieutena D
Station | suppression House .
n
H Fire 119 Fire Senior
) Rescue Less than 5 | 20~29 ) E
Station House Fireman
J Fire Rescue Fire
) Rescue Over 20 50 ~59 ) F
Station Team Captain
Special Rescue Senior
Rescue 5~10 30~39 ) G
Rescue Team Fireman
Special Rescue Fire
Rescue 10~15 30~39 H
Rescue Team Sergeant

,88,
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A Study on the Perception and Application of
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Kang-Hun Ha
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Pukyong National University

Abstract

This study examines the perception, operation and application plan
of firefighters for the efficient use of fire drones, which are
recognized as a useful work tool that can replace or support the
tasks of firefighters responding to the ever—changing disaster
environment.

Currently, the introduction and use of fire drones are in the early
stages, prior studies on fire drones have been focused on research
related to drone development and suggesting that the use of drones
in experimental situations can be helpful in firefighting work. Even

in the case of rare user—centered research, most of the studies
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focused on the metropolitan area, and the number of respondents
used in the study was small, so it i1s somewhat difficult to
generalize these results.

Therefore, this study conducted an in—depth analysis of domestic
and foreign drone-related research in order to suggest ways for the
current domestic firefighting organization to efficiently utilize and
apply fire drones from a user—centered point of view. Subsequently,
based on the results, a questionnaire study was conducted to find
out the perception of firefighters according to the introduction of fire
drones and the operation and utilization plans of fire drones, and
expert in—depth interviews were conducted with firefighters with
experience 1n operating fire drones. As a result, the following

conclusions were drawn.

1) As a result of in-depth analysis of prior studies, these studies
can be broadly divided into search, disaster and fire monitoring, and
transportation fields. In the case of the search field, the use of
drones was confirmed to be effective in manpower, time, cost, and
equipment. Studies on disaster and fire monitoring have confirmed

that the firefighting drone can be used to secure the safety of
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firefighters because it 1s useful for checking on-site information.
Finally, studies in the transport field have confirmed that the fire

drones are helpful in securing golden times in emergency situations.

2) In a survey on the perception of firefighters following the
introduction of fire drones, many of the respondents answered that
they were willing to participate in the operation and training of fire
drones. In addition, respondents expected that the use of drones
could contribute to the prevention of safety accidents of firefighters,
deterioration of physical strength due to aging, and management of

retirement.

3) As a result of conducting a difference analysis according to
the whether or not there is a fire drones operating experience, safety
measures for rescuers, securing operation crews by changing the
position of firefighters, intention to participate in firefighting drone
training, and help 1In retirement management showed that
respondents with fire drone operation experience recognized the need
for fire drones statistically significantly compared to respondents

without firefighting drone operation experience.
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4) As a result of conducting a variance analysis according to the
working experience of firefighters, prevention of safety accidents by
firefighters, securing firefighting drone operation crews and searching
for those who need it, direct fire suppression, propagation of the
situation through broadcasting, and field command by commanders
have confirmed that respondents with high working experience were
statistically significantly more aware of the need for drones than
those with low working experience. Regarding the retirement
management of firefighters, the respondents with low work
experience predicted that the introduction of fire drones would be
helpful in the retirement management of firefigchters compared to

those with high work experience.

5) In the results of experts in-depth interviews with firefighters
with experience in using fire drones, the interviewees answered that
tasks such as identifying disaster site information, arranging vehicles
at the fire site, and searching would be effective to use a fire
drones. In addition, the interviewees indicated that the supply of
drones 1s not being done well due to difficulties related to the use of

fire drones, and that a specialized drone operation department is not
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systematically equipped. Due to these problems, most of the experts
were using personnal drones for firefighting work. This study
confirmed that the interviewees had economic and time burdens for
repairs and losses due to the use of personal drones, and practical

difficulties in performing their duties in parallel.

6) According to the results of the in—-depth interviews on the use
of fire drones, there is a need to integrate systems such as thermal
Imaging cameras, large—capacity batteries, communication, and
autonomous driving with fire drones, and the main problems were
the lack of dedicated personnel and departments for fire drones, the
problems of maintenance and supply due to the use of i1mported

drones, and the absence of dedicated drones for firefighting.

Taken together, firefighting organizations need to revise the
operating standards for unmanned aerial vehicles that can be used in
various fields such as search, monitoring, and transport for efficient
use of fire drones. In addition, firefighting organizations need to use
fire drones through the establishment of new firefighting drone jobs.

Additionally, firefighting organizations can prepare for retirement
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management and aging of firefighters through training of fire drones.
As an application plan for the use of fire drones, the firefighting
organization should expand the supply of fire drones, expand the
firefighting drone education infrastructure, establish a department for
the operation and development of fire drones, and develop a
firefighting drone tailored to the field. However, this study has
limitations 1n generalizing it nationwide as 1t was conducted
targeting firefighters in Jeollanam-do. In the future, additional
studies should conduct comparative studies targeting firefighters of
each local firefighting headquarters, and research on the use and
application of fire drones suitable for the local environment and

characteristics.
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