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Development of Simulation and Test-Bed for Searching Missing
People Using Multi-Drone Simulator and LoRa Sensor Network
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ABSTRACT

Rapid rescue of injured and missing person is very important in natural disasters such as earthquakes and
tsunamis. However, since natural disasters occur over a wide area, there are many difficulties in searching for
missing person. In order to solve this problem efficiently, we have devised a missing person search algorithm
using a multi-drone simulator and LoRa(Long-Range) sensor network, and constructed a related test bed to
perform the simulation. In the level-1 missing person search algorithm, the location of the missing person is
searched based on the GPSs information of the received LoRa beacon. If GPS information is not stably
transmitted or received from the LoRa beacon due to poor communication environmetnt due to distance and
terrain, We perform a level-2 search algorithm with the distance calculated based on the beacon RSSI signal

value to search for the location of the missing person between the drones and the missing person. Experimental
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results show that when the multi-drones are used in the search algorithm according to the signal propagation

range, the search speed of missing persons is 5 to 15 times faster than the single drone. In the level-2 search

algorithm which performs the search for missing persons based on the signal strength, the error distances of the

coordinates calculated by the RMS(Root Mean Square) method were 91.5% (down to 79%) of the error distnaces

calculated as the mean value and it is 5.06 times faster than single drone.
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2.3 MAVLink Protocol(Micro Air Vehicle Link)
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Table. 1. Path loss factor by communication environment

Environment Path Loss Exponent

Free Space 2

Urban area cellular radio 2.7 to 3.5

Shadowed urban cellular radio 3t05

In building line-of-sight 1.6 to 1.8
Obstructed in buildings 4t06
Obstructed in factories 2t 3
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Fig. 9. Level-2 Precision Search for Missing Person
Using Multi-Drone
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Fig. 12. The Search Path of a Single Drone

e} vlekshA Mg = gl B =Folli 24 A
3 A3} AlE 100mzE AR5 o]dl] sfwdsls 2]
I 949E Ak

2eHA| Ldwe]Ee] AlEHo|AdME v AlEe]
RSSI 3t A3} A7 gre] & 29 2ol A= 9}
O} 7R o) E AR 18] dueE|Ed) B A
N=]7] el 7122 o)F ARE IR ARSI
o} ol = gE|E odd o] 3718 A o]lFS 9
& 1A 2 371”1 140 % 140m* o2 A3k

I3 12+ @ =29 o] AR =AS vepdic
EE 529 35 Y2458 0% Hy, ©d =
o] AF Aol AEksle] olF AHZE u=

B->C->D 9% o2 o] Eshala] Al whals gt
of. 7P =] Ho) mlase e sakmh s

ek
tFEge] 749 18 149} o] 4v)e] =] 7}

TO0m 300m |

02 13. LoRa H|IZ A% 3 54 78 4 8l= 9
/xg@

Fig. 13. LoRa Beacon Signal Effective Communication
Distance and Generation of Grid Area

J8 14, v =2 B A=
Fig. 14. The Search Path of a Multi-Drone

F 2. 79l & RSSI A% 3t #2o] S A 23
Table. 2. Domestic Actual Data of Distribution of RSSI
Signal by Distance

. RSSI . RSSI
Distance Mean Distance Mean

(k) (dBm) (km) (dBm)
0.27 -94.3 0.27 -102.7
0.3 -102.6 0.3 -102.8
0.64 -117.1 0.64 -116.8
0.96 -121.3 0.7 -117.1
1.4 -122.0 0.98 -121.0
1.56 -123.0 1.34 -124.1

»

7 47he) eded o absle] A B UVE £
A3 ek Ao A ool He Helegst
SRR o) A2t BUsiul, Addedol A3
2 s 13 49, TRIEES BUelow ol
7 TR AL pAsA e AV) el
3%, A 9ole Pehs BES 94 vhAl 3 Base

A

o.
ol m, [
d

o
O:

gl
— e H1 =

Station®. 2 B-F|gltl= 2fo|xo] ik

4.1.2 LoRa MM HES|Z Hlo|eso]A MA

LoRa V&S &85 AFA} S 5357 93t
o, 15 & dve]Zelli= AERke] GPS ARE
F8alr] wfstel] AFAL HH=NE] Arpt "ozl
XA ell4 GPS AX7} 3% LoRa B[ Al35 541
s ex7F F83kk 2=y ol B4 #7dnike} o
£ & 9l7] witel] 2 =FollA4]E 100m, 300m, 700m
o Al 74 AR o] AlEYlelA sl g,
E4 3o 2] ¢kol GPS HHE FAIE 5 ¢l=
Aglelal e BIE A159] RSSI 32 &gals 2vHA|
S obare| S-S Agsle] AFRle] $1AE Ak
weba] AlEEe]Ad Aellx =ge] vl 4l3.2] RSSI

1947

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-11 Vol.43 No.11

ke 2481 1514E Al RSSI ghel Bt dle]
wlo] 27} AbAle] FEsle] glolel qe. o]F 9],
B eRols E 29] Fo] NLoS #4el4 Al =
T 7Fe] RSSI A& e =A3) AE2A7E 3835}
dlofejuo] =g F538l3lrk. & 29 RSSI HlolH] =
AL A= & ARl =] gla BAlz17E o
2] AL olgshA FAEU] whtel F A4
Ate]e] RSSI Als 3 AR AesiA & 5 gl
ok o2’k EAlE Beksh] $la) & =telrds 21
159]. 7lo] 7qa]tﬂ RSSI A& % /Hsi_j 04733].0:]
Ate] k& Ak
A% A Az]e] whE RSSI AlE ghe] 7h4 sj"l
& 2A3 W 2lE 3aEb, RSSI AlE 32 A
A wEsle] B4 Al Aoldsg ghashs oy
& vhehck! olejgt APE FMke 2 A A
o]2] RSSI Al% 3k &4 543t Zloleh= ofelr]o]
= wjAlslod e, 5= 23 Afe]e] RSSI A1E ko] <
A Aadeiar 7Hdste] At $AHEE At
sheiek

)

Al

km
RS%\ 027 03 064 096 14 156

-20
-40
60
-80
100 x
120

-140

\km
RS%‘ 027 03 064 0.7 098 134

-20

-40

J8 15. =] LoRa H|Z A3 A3 28e] #x% 4%
Fig. 15. The Distribution of Domestic Measurement Data
of LoRa Beacon Signal

1948

4.1.3 ¢ B ama|E AlEa o]

1A gAY ebare|Ee] AlEdle Vﬂ S LoRa H|Z<]
GPS Hu7} s &4 glo] AHS AAL sr) v
°a] uil q%:g_o_ 3:]— %‘} AV ;(]. E]—XH/K]7]—_,] ;q_a—/ﬂ
& aoriz Fo] Hajolek. shAIR 7l 4lo] girt
T, AEA Fule] B4R we) uE A5

A4l Ael7} Debd 5 gle) olel w}a} e
ol M= IV-1-2)0l14 Avdgh Az} 7o) FaFAl A
= 100m, 300m, 700m= 7}Asto] 154+ %“H ot
5L A &) slgit) o] 24 LoRa H|E Al59)]
FAA = B4l 3l wlet 10km7F W ARE A 2
zﬂg}] M—i]‘o]]/q.‘: u]_?_ /\]i‘g] EA i}ﬁo] —%—z] oro
o 2} B]do]| 7153k =29] v]g) ¢delo] ¥l 2km
2 AgAo]7] el A3t A2 e 1km vlRkoE 7}
Asigick

4.1.4 2¢H| B Adna|E AlZefo|M

2] A okare]Ee] B2 RSSI Als gk
AlE= AdEellA] Al el S5 A28 RSSI H2 %
£ Eg3le AFA YAE AESHA A3k Aol
th. & AlEHo]Adol A = o]4kH ] RSSI 4158 ¥
7} Okumura-Hata F2-8 w}2o] x| 243} H|
= wal7)9} $A17]2] RSSI Al E%7F 18 159
ko 1A o] F g dloleE 83t At
g AgARe] 91A7F AA| 91219} vlagls UH, Aepit
Fo| L2t AshEA] Setelas Zlo] 21 Al
o]xde] FAo|rt.

2A B obae]se] AlEde] e thEsEdt

dJr2od H9E el %3 ﬂﬂ‘r Ehr =22 Al
A7ro & #AEE= RSSI Al =
e L R e A R I %‘rﬂ%}ﬂ%, 2E Eiﬂ
RSSI A% k& 4181 ﬂ
gk A Ftell AhASE
FHAxE AR =2
€] LoRa H|Z A5 FAlskA =¥ g A0S
7152 4 A|9S &A31e] LoRa B]&2] RSSI
A% Zhe Akl 22 370 o] APA-elA] Al
%l RSSI Hlo[E| &S 7|uke R AFx}e] 93] weks
53 s Wake® o]F3shHA] 3% RSSI 4l
3 el g3k Al Fholl 4SS 485k
A EEbg o] A8l °10M 4% RSSI A= 343t
2o 9AE A7 98 IS o, A o] 1t
A e 7= Hﬂxﬂﬁ}“v‘n A EEke] 7] e
= Al flo] Rhol 91215 A 5 o7 wliel ¥
1= A4 de Afdls =88 ol 5AA =

5
ol
:10
i)
ol-}l
2L
Ry
(1
[e]

_l>~

www.dbpia.co.kr



R g 28 ARACIE Loka A MESLE B89 AFA A AReold W BliEmE 75

e}

7} 1

BA

=8
ftlo
xS
%2

1
b
kD
3
o

ftlo

4.2 AlE2o|ld Znt

X

4.2.1 1EHA B dn2|F

a9 168 191 94 d3elEe A gaio] AR
S AT P A7he hehie T3 12-13604
Vehizel, 15 B kel zeld Aol 3l
B sk 9l @ BEEe] o F ARt Fd
Jolek. ek 33 16914 A% A, Bel Hhet o
! hpEge] 914 WAL 0.0 e 2

fol7b vfepdtt. ol AlEwolAd Aellr] =22

o o, ol
N xﬂj 3’.

vk A3l LoRa B Als9] Al a2|a 71 2
e bl Anms AZte] AF dAEHA] o]
A=

o FEH yrA| [C-H] AEAke] 'l of
A e 1do] =2o] AA Y-S o]Fs}]
ultel] AR 2 Azte] x&AH o Zrsd
ol oA Agro 2= A% Azt A7} 300med u, A

= =

@

Multi-drone detection time{min)

N

A o P P S,

i

| s

W

o P

s

“
=

Beacon Signal Propagation Distance(m)

|

Beacon Signal Propagation Distance(m)

Multi-drone detection time{min)

o

it

et

]

| R

\
\
\
\
N
\
N
\
\

R100m W 200m = 700m

32 16, 1% el B4 A el (e, 8
LoD

Fig. 16. Comparision of Search Time of Level-1
Algorithm (Top : Single, Down : Multi)

F2} Coll digk s Ajzke] A3k z]7} 100mY ol
)3 714aslelor, 700me wWlE A%l Do} E9] &
A Azke] o] Aol AFAlel] w]3 Fhasle-s o
et o= v AlZe| & At Ayt 7l
whe} =20 A5} g W$]7) Bloi#] Base Station
o 7l7te] f1A8l 9"l AFA ¢ 2 D, E9] B|E Al
37} oAl vld) wEA AR =7 wee]ck
el 4] =2o] 47)9] o FAe
AN o] BE Fefaly] ufitel] dlE=gre) AF
2} A7 o] A mE]glon, vhel 1%
o} v]aA]7k2 288 wube|gr}. AR e
o] g A7k wl =2 vle) 8 A% 9} A
2ol uj2} 100mY o, 5.46#), 300m =i, 10.844},
700med o, 14.83u]] o] Wirh PP o R= e
25 83 AEA o] 10380 o] wsich A2
2o 2 tfFeRs 43k AlExie] whale At A
oA ghalte] 1He] =28 2Fsle] AFAE ®
Al w R} w2 A Qv 2 4 glon, g
Alge] ofe] djo] =g FERhrh= HellA gl £
4o 84S Fole FF 29E 7|9E 5 9lch

4.2.2 20 Bt otma|m

O™ 17-18% 25 A e 5g A43ie] A
A S et Ad) 3k vehdck Al EHelA
S 918k dlojelulo) A~ & 29] Sl AZALE 2714
5 sl on, 34 AH Ale]o] RSSI #o] H-E

WAl dlolels Saselrk

Az Tk 3e AN AAR BIE A5
RSSI ghom Azt 914 #xE AR 23, 13
59} ko] RSSI Al% gre] eakz qlaje] Agat $17
o} o} 2 AR} ARk ek Agat 9% =z A
A& =ol7] Sl ol=] A ellA] Ak gt 914
3ol HA7k == RMS(Root Mean Square) WS-
Hgalo] LAk A4sh s AFA 913 HA%E A
AKRo, T8 17-189) A7l AR A%}
o) $A)hsEsk A AR} AT Aolel Azl
2 Vehdel

29 B el A48 dolello] o] Al
3 A9} A= lkm ool ot A A5l
A5 mar] el 7] F FHAH R vz o]
Sohe 12 B darelsahs =2, RSSI AlE 3t
< vhew A} 92 x5 Alkela sid A1

Lo

1949

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-11 Vol.43 No.11

30 B8 PRLBETE
— %R = £ =X RN R R
S » X oF3 T S T A of
= % R A = g o T g i B
£ w . T F Twr BB o DP o R
T T e bz = do ©
e o | 2 Bs- Mdrmﬂﬁwﬂ_ﬂa%
s £ R A% g L Umg R
Fﬂ T mﬂé_ ,sSm ﬁr]wm ST v
I g Ez® Mo 2 & X F
w E it 5 T £S5k o E 2R
g £ o Efg T W i
- > S ek B P w EL N
e =% Pd “mi ﬂoq,__/LLMn__/mno:
.8 s
LG = A m_q AT
“ =] nnﬂs;a‘q% WM (=) - ‘U_Hl Oxﬁ Jvm
1772 FENWLET
@ - o a8 N XE
TEV3 S me D N
B TE 585 L8 Lﬂﬂmcyi
e e JW%.mmm N_%lumu]rﬂowrm
S 2 9 o 9 2 @ @ 9 = o S s = o = o = e a O O E o, NPT R R T
8 8 8 R 8 B 8 8 8 = S8 8§ 8 R 8 8 ¥ 8 8 = ,|,.WLnAro1E.m LLEMMH)WH
IESE B ;@ﬂfﬁsw
ARt ES8 X M 3 AN =
= PR M e TE R AR
M%x xﬁlmo.wrjﬂllewr?%hﬁ
PaW I g B Fal PR
julia - 0 G =
@ogom B K g LR o E° - e
Rl - L =
o N @o T xR T d T TEE R I ] N
e R I RO R [ o D
~ 0 jal =r — N E
RIS A e ST TR g R Z 0
mmEUﬂ Tl Ry g s o ¥ -2 TR
. =7 5
CCNE S e N R > T
mo = faﬂﬁﬂwrl6_@d|8m5 w E e
3K e 2 2 = o H % - 2
e m — X Mooy X n sz
X o] o a al] z
g S S B N S )
% oop om No - X E EL N o)
xo_u ﬂW‘lEmwoO .mﬂ‘m.os n,ﬂlﬂ.ﬂ o
W 5 S o M g wjp
= % 2] & T A
TplTs g g g RN
—_— 4 =
T Moo kg Mg Aoﬂgmﬁ;g X
SﬂtﬂaﬂLﬂlﬂyl7uJ:H%zI7_l1ﬂlﬁll <
ol R T NGB 5k S
‘OIOOL.ULEJHLO* X nnoE..#ZnoT.,
won N e Moo B o L o g g 88 2 8 8 8 8 |8 2 ° g 882883 3888 2 °
Ry P T g
of WA | NMT MR o T F T

[e]

=

T

I 5.0681 o i)

]

LoRa AlA] vlE9]=9} v

o

L

-

el}Af

=]
pLE

L

o] 2w}
B

]

S

=]
2
Single,

www.dbpia.co.kr

A w4 7|

[}

=

=RMS(m) ====Time(min)

2l5e] 24 ARk} a9 159

8% Mean(m)

LA

8912 we) 4

%)

%
=l

39

A
Pu=!
—=

Gl

°]

e, & o
Fig. 17. Level-2 Search Algorithm’s Search Time and

The Error of The Missing Persons Search Point When

Utilizing The First Database in Figure 15. (Top :

a2 17. 2%
A WA do|efu]
2+ (4

Down : Multi)
1950



R g 28 ARACIE Loka A MESLE B89 AFA A AReold W BliEmE 75

-g3tod, Al AE Aol A AL jHY kel

gk ]SS wekslgnh vEe] tiekgt B4l 3
AE 7R v v oue] g #gsle] A
A B Al EUolAS el oldEE A
A3} s Adeks wAE|H k) ViAo o ER
< g3 AFA FAo] D=2 Eg3l AFA}
SR A7 8842 o ZARE AA g A
A A, e wle} vdseEs e ofHe A
S HAE 5 Q)] wtel] 283k =2 Al
kS ol AlEdelAY] WHEAE Fole A
BAS Tk v IR 2 wegk GPS tlolEE 5
ste] AEAl $1A1E e 15 &4 ko]
I} GPS X137} 4l AkslellA] LoRa B]¢] RSSI A
3 A1E EE3le] AR S FEshE 21
A obare| S eated, 7]EAQl A dare|Et
AlstEl jHY okare]Ee] AfolE oM ara) 3ol o,
25A jH okwre] o] Agof| glojA] e} AL
7Vl Hall AlEHelA 3k

=
o
©
<]

S

References

[1] DroneKit, Retrieved Mar. 15, 2018, from
http://dronekit.io.

[2] DroneKit-SITL, Retrieved Mar. 15, 2018, from
http://python.dronekit.io/develop/sitl_setup.html.

[31 MAVProxy, Retrieved Mar. 15, 2018, from
http://ardupilot.github.io/MAVProxy/html/inde
x.html.

[4] 3DR Radio Telemetry 915MHZ Module For
APM APM2, Retrieved Mar. 14, 2018, from
https://www.banggood.com/3DR-Radio-Teleme
try-915MHZ-Module-For-APM-APM2-p-7353
9.html?cur_warehouse=CN.

[5] MAVLink, Retrieved Mar., 14, 2018, from
http://qgroundcontrol.org/mavlink/start.

[6] Mission Planner, Retrieved Mar. 14, 2018, from
http://ardupilot.org/planner/docs/mission-planne
r-overview.html.

[71 LoRa Alliance, Retrieved Mar., 20, 2018, from
https://www .lora-alliance.org/.

[81 A. Gagneja, Propagation Models(2016), Retrie
ved Mar., 3, 2018, from https://www.slideshar
e.net/AyushiGagneja/propagation-models

[99 D. H. Yi and S. C. Kim, “Analysis of
computer simulated and field experimental

results of LoRa considering path loss under
LoS and NLoS environment,” J. KICS, vol.
42, no. 2, pp. 444-452, Feb. 2017.

[10] K. Choi and J.-H. Kim, “A study on phased
algorithm for drone to search missing person
with LoRa devices” in Proc. KICS ICC 2017,
pp. 1395-1396, Jun. 2017.

[11] M. Hata, “Empirical formula for propagation
loss in land mobile radio services,” IEEE
Trans. Veh. Technol., vol. VT-29, no. 3, pp.
317-325. Aug. 1980.

s OF M (Man-seok Hyun)

20179 2% :olFstn A
Edesz &9

20179 39L~EA) : ot
onbshd AsE]Esla A

- A}=A]
i e
WA E, 2R BEAR

eS|

0

} & (Kwang-hoon Choi)

20061 29 : ol AHF
Bl gata) Aty ol
2006 3U~FA : ofFe AL

ZA5re] ekt uaA

e alka ainc
\5, Aot g2} 4122,
| FolEl2

Z ™ & (Jai-hoon Kim)

19843 : Received the B.S deg
ree in Control and Instrum
entation Engineering, Seoul
National Univertisy, Seoul,
South Korea

19933 : Received the M.S. de
gree in Computer Science,
Indiana University, USA

19973 : Received Ph.D. degree in Computer Scien
ce, Texax A&M University, USA

<Interests> Distributed Systems, Cyber-Physical Sy
stems, Mobile Computing

1951

www.dbpia.co.kr



	다중 드론 시뮬레이터와 LoRa 센서 네트워크를 활용한 실종자 탐색 시뮬레이션 및 테스트베드 구축
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련연구
	Ⅲ. 실종자 탐색 알고리즘
	Ⅳ. 성능평가
	Ⅴ. 결론
	References


