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ABSTRACT

When a building collapses due to a disaster such as an earthquake, a buried person is confined under the
debris of the building. In order to quickly rescue the buried person within the golden time that can guarantee
the survival of the buried person, it is very important to know the position of the buried person before rescue.
Position of the buried person are usually detected by using detection equipment which mainly uses sound, image
and radio waves, but such equipment is expensive and the rescuer has to approach close to the victim, therefore
exposing the rescuer to the danger. Another method is to collect the signals from the portable device of the
buried person and find the location, but it has the disadvantage of low accuracy in an environment with many
obstacles. In this paper, it is shown that more accurate positioning can be achieved by using Wi-Fi wireless
signal and barometer information from portable device. The result of this study will help to locate and rescue

the buried person quickly in the event of a disaster such as building collapse.
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Fig. 1. Concept image of detecting buried person using
drones
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Fig. 2. Drones that collect signals from portable devices
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Fig. 4. Least squares method using distance between
drone and buried person

(2y52,) %  i0A Elolejrlo]xe]  )x|o]v
(@ Y2 ) = PHERFS] S X[0]e). wiER}S] £X]&
T3] 213l B)ellA diolA i =2, ng wla A
23 et Zok

Ty =Ty Yo~ Yy %9 — 21 & —dy+ky,—k
Ty—ay Y5~y 25—z ||| Bk —ky
2 .o y”li
4
T, T Y, "Y1 2, A | d2 k,—k
4)

= s A (5)9F 2k

n)elck Al @)

2Ax =0
Lo™ Ty Y2~ Y122~ % r
Ty =Ty Yo=Yy 23— 2 o
A=|"3 13‘“13 2=y,
z,
xn_zlyn_ylzn_zl " (5)
E—d+k,—k
po | —diths—h
d d2 +k, —k

HgH o HaA e olgsle] AFHow T
gk & r= o 2o

1

v = E(A T4) AT ©)
V. 7IUEEE B35 £ Faz JiM T

(WPa)

Pressure

-2000 0 2000 4000 6000 8000 10000 12000 14000

Elevation above Sea Level (m)

a8 5. stz IAE Jellle ez
Fig. 5. Graph that shows relation between altitude and air
pressure

83F At Abgre] vijEA) §hA] f7dell M= Mt vk
Skl are-7]8E A o] SEIvk 2 =l A=
Al 718E dlolel g &8ste] wiEAte] g FAE
o dnbqo R Alpd Afek A elEAe] A= 4 mell
A A m ool §1A7 meky Al m-4 4
Welld 718t} st AP e Ay WAE 7H
<= o83 & Sick

Fig. 55 ¥ sfatuce} oi7]sd 2= =7} ket
S 2] S ERIE 5 glek amst 78t
e AY WAE TR AR a7 A m
W 75 ol 2R 22f qellA] S8 A A

ek 23 4 ok AA| At Aaks 7 E
= 9] el
Ae T

m* r—1>

o w0

N

A3t FPAle] Eo ww
b Alrh Thest Rk AlS

ol
-

o
o 2
o
4

N
&

R 1

30
o

y[m]=—10.132[m/hPa]+10235.67 @)

n7Ne] wlofeue] 7} ZAst uf Z} wlo]efuo]
W 5U3 MACTFZe gk 7|9 B8] Haaks At
S3lo] Hr} A 7 EE Ao o) E viEke®
X} g v w3ke 48 4 9ok

V. AIEY0|M o}

AlEdlelAd 3742 Fig. 63 2tk Ahd X4 =
7] 100m < 100m= A4} dloJefmlo]2 9]
= xyﬁﬂioﬂxi ZHAe] 20msl AR, 252 H
IOm o x]—7]— 2m°] zq_ﬂ,_,_ﬁ °]~4§. /\H/H—g}_oﬂ
=3 EHEXM TR A A W e A,
At Fre] - 10m, EFAAF Smal Az
2 o= Ak

www.dbpia.co.kr



= A &

oA oA 2

o, Location of reference Location of reference

Reference |
Buried Person|
80/ o o > 20
z =14 o -
E 609 E ¢ o
2 2 0 5
H H
R4 °
> 400 N 10
b 20
20 100
o = = = & ) 0
0 20 40 60 80 100 0o
X-axis (m) Y-axis (m)

T2 6. wlelefule]s} wiEate] £

Fig. 6. Location of databases and buried person
Table. 1-> AlE#o] ol AReE v/ HTES-
eRJick Al E#H o] el 4= 100m < 100m el 3671<]

dlo]ejmlo]~E 7Fdslodrh 10,000% ] FHI7FER
Al EHo]4S A33}9] 2] shadowing component®]

EFAAE 02mold 2m7hx] WakA7e Z9] o
& WA}, Amak el ARgR el 7]
%7

Fig. 72 HaAREHRS AH-AS we} 7]
olgelel WEE WS 23] 3 BULAE
23] A5 v|wdt 7)ot} shadow fading®] <3
o] 2T AN TAY|ZHE] QL Ae] 243k
o] HAE 7] wjite] 5¢] 227} SvlsHA =k
shadow fading EFHA} 1m, 5, A=l 4 227}
°f 68%°] &= £1m oW, °F 95%°] FEE £

2= 2zt 2, ImE AAslsich
g.

et

ol wj RMSEb of 8m AEYS I
oIk o] wf 7P n g olgale] v WAL o
RMSE(Root Mean Square Error)+ 2F 2m AE=Z Z
AR ARSEE wHo) ZRAaghs g%
urk 285 2 Ze 7|9 e Aelwd uhE =

9] 9AHE vhehl Telzole), AEelol el AHEE
PR 2 AREe e ek

z=ztxy,, T~ N(O,ai) (®)

1. AlEHeA vivEs
Table. 1. Simulation parameters
Parameter Value
Number of Databases 36

(0,0),(20,0)," * *,(20,100),
(40,0)," - - ,(100,100)

Location of Databases (m)

Monte-Carlo runs 10,000
Standard Deviation of 02 ~ 2
shadowing component (m) ’

Path Loss Exponent 2
Reference Distance (m) 1m

Location Estimation Error(shadow fading) 5 Location

14 1
—6—Least Squares
12 |- B -LS+Barometer
8 ——Perfect Information
10 =, =0.10]
£, Ts o0, =02
u 8
2, 2 M
3 x4
4l
--g--B"7 2
L -g--8--%
20 g--m--BT &
&
0 0

05 1 15 2 05 1 15 2

Standard deviation of distance error [m] Standard deviation of distance error [m]

38 7 leE 289 39 4
Rk M2 29 oA

Fig. 7. Improvement of positioning accuracy using
barometer (LEFT) positioning error due to level of
barometer accuracy (RIGHT)

= HAEH 7R

Location Estimation Error(syncronization)

¢ - & —0
25 —&—Least Squares
= 8 -LS+Barometer
E20
w
2
=15
_.-®
10 _.-a-" -
oo
5
1 2 3 4 5

Variance of recognized location error

T8 8. =g AANA A U 29 23
Fig. 8. Positioning error due to drone recognized location
error

AL w4, 0p7h 2% S 7]
PYuE Ba Qe mes] Yahert ash]
o 391 83 b Sle D) A e
FAHu= A7 0d wle} 02m w shadow fading
EFAA} Im, 2, Al 34 237} oF 68%2] 2HE
= E1m ol o oF 2mell of sm7kx] Z7hsh
AL A = gl

Fig. 8¢ £22] <17 $17sh A4 $120l) Aol}
EAF o) 9] el PR G ek e
olc}. Hlolelmlols 44} A GPS AL5. £7]51% Ea
=go] 2Rl 9172 QAASAT Alze] YT
Qs Aldl 9152k LA} uhAlakA) Sk Al galolAl
oAl =20 QA )37k Al S)AE FAlew 9
o) xRk A ARl delA A1t
4 917 wde vhes) gk

"i = Lyeal + ORL
y = Yreal + ORI (9)
z= TR

’I‘[’(l

493

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-03 Vol.43 No.03

r

Oppo 4ol 09l AqFEEE wEs ot
=] AALA 0y o BEWWE STHETE
29 St RS Eld o glvt =3, 79k
B o]gslo] AEghS BAY A% 29 23} 3
47 ol HE 5 ek

el AES Sl AA Ade Fs Al
FA, 91-7%, 719 delerle]~E 4151
t}. w3 Fig. 99} 7o] =& §Al¥l RTK-GPS &
g olgsle] =2 9XE FAll Alskth

al

¢

wow vt 32k SRS EEsieh Al
o] W wlE Felzl71e] $4 S et A
BRI 42 sk A 3 30

%o| Qe A S129h 24 914] 7be]

02 9. RTK-GPS RES gAjdt =&
Fig. 9. Drone loaded RTK-GPS module

583F54E6C044 E099714C4610
67 665
o Red . © Real me
— | o Houe i — 66 © Modue v
E66 o Estmated vt E Estimated, zen
- et =
8 g 655
ER x 3807 H 65 nm.
< e w12 < wre
v zan
L zoam 645

No
B4

. o — 312 ~ 12
B 38.1
Longitude (°) 38.08 Longitude (°}

w‘z;ro‘s. 3505 Laﬂ;uﬂ?( ) 1‘2;“0;'37;)5 T Latitude ()
% 10. A5 dele] 7|\ 3491219} ARSI Bl (1)
Fig. 10. Comparison of Esitmated location based on
measured data and real location (1)

3423BA9EIEFE BA462935C2421
.
66 . 665 .
o Real A o Real e
655 © Mok = 66| ° Mok 2w
£ Estimated| £ Estmated|
2 - g
g es FE™ goss *
2 a7 E x:3n08 .
2 zesm z
Ests 2. I
v iz
645 zear
1271 __ 1274 =
~ " a2 ~ 31
- 381 ~~
Longitude (*) Longitude ()

~——— S~ — 3808 .
127.05 " 38,06 Latitude (%) 127.05 " 3806 Latitude (%)

T8 11, AS dlele 7\ A9 ARIAeke] vl
2

Fig. 11. Comparison of Esitmated location based on
measured data and real location (2)

494

SE3FS4EBC044 £099714C4510
665 665
 Real . o Real
~ o Mosse xmn — 66 © Modue
E 66 o Estmates e E Estmated
€ gess .
£ 655 . * g o
E morxm E;
= wi o < 6 iz .
4 xmn
65 645 vz

1270 = 271 zeisz =
. _— a2 -~ _— a1z

08

Longitude (*) 12708 amos " U° Latitude ()

S Longitude (°)
127.05 38,06 Latitude (*)

TRl 12, A% dole] M 2siAet AAsIAske] vl
3

Fig. 12. Comparison of Esitmated location based on
measured data and real location (3)

3423BA9E3EFE
L]
X:38.12
66 ¥:127.4
© Real 7:65.99
—_ ©  Module
E 65 Estimated
o ]
g X: 38.06
= 64 Y:127.1 1]
< Z:65.99 X:38.12
Y1271
Z:6355

38.12

38.1

Longitude (°)

38.08
127.05 38.06 Latitude (°)

38 13. A% dlele] 7k FslAsh Al Hla

Fig. 13. Comparison of Esitmated location based on
measured data and real location (4)

E 2. MAC Addressol] @& 3=Az132] A4 9)x|<fe] <
)

Table 2. Estimation error of localization each MAC
address

MAC Address AA o\ 22} | mERA a2
(m) (m)
583F54E6C044 2.3232 2.3288
E099714C4610 2.4184 2.419
3423BA9E3EFE 2.6084 2.6099
B462935C2421 2.5743 2.5739
583F54E6C044 23143 23177
E099714C4610 2.4099 24121
3423BA9E3EFE 2.6014 2.6035

Holck RMSER vjehd 59| ©X5= Table. 29} %
=3

ARk R A A A AE 3 Qe 2
ofeloll HEATL WA A A FEE 91 A%
& W7k Faskk 2% 94 2 ;

www.dbpia.co.kr



=

7oA WAt TS T /19 E 7]k 33}

24

e,
|y

7] A e Abgo

7Fse] Sleke WAL 3

A Fe I el 1
sl 331 AR 5918 SaAsiodeh BEol

AgPEe) 1 2344 b
ol ¥ ATl vhE

5 =R 5

(o}
)~—d—‘

At W S w4 S

AR LD o] galo] A2l W
c199iel 44l B Fgoha Ik
olgsle] wr} Yaka

14 53 A3 71%1—% o4

o
=
=
=

o

? 22

rge e A
ol 3744l B

i:

_f_,ﬂjq k]“g sb\bk] _’,: 9)e-8- slalslic) eko

(1]

[2]

(3]

[4]

[5]

References

G. Grazzini, M. Pieraccini, F. Parrini, A.
Spinetti, G. Macaluso, D. Dei, and C. Atzeni,
“An ultra-wideband high-dynamic range GPR
for detecting buried people after collapse of
building,” 13th Int. Ground Penetrating Radar
Conf., pp. 1-6, Lecce, Italy, Jun. 2010.

L. Crocco and V. Ferrara, “A review on
ground penetrating radar technology for the
detection of buried or trapped victims,” in
Proc. 2nd Int. Wksp. Collaborations in
Emergency
Management, pp. 535-540, Minneapolis, USA,
May 2014.

M. Loschonsky, C. Feige, O. Rogall, S. Fisun,
and L. M. Reindl, “Detection technology for
trapped and buried people,” IEEE MTI-S Int.
Microwave Wksp. Wireless Sensing Local
1-6, Cavtat,

Response and Disaster

Positioning and RFID, pp.
Croatia, Sept. 2009.

J. Niessen, E. Kliem, E. Poehlking, and K.
Nick, “The use of ground penetrating radar to
search for persons buried by avalanches,” in
Proc. 5th Int. Conf. Ground Penetrating
Radar, pp. 507-517, Kitchener, Canada, Jun.
1994.

H. S. Moon, C. Y. Kim, and W. S. Lee,
“Wireless communication-based buried person

detection  considering  characteristics  of
collapsed surface in disaster area,” in Proc.
2015 Civil Expo & Conf., pp. 135-136,

[7]

(8]

[

[10]

[11]

[12]

Gunsan, Korea, Nov. 2015.

A. Heilig, M. Schneebeli, and W. Fellin,
“Feasibility study of a system for airborne
detection of avalanche victims with ground
penetrating radar and a possible automatic
location
Technol., vol. 51, no. 2/3, pp. 178-190, Feb.
2008.

H. S. Moon, W. S. Lee, G. W. Lee, and D.
S. Han, “A 2-D location determination model

algorithm,” Cold Regions Sci.

of buried persons in collapsed shape using
optimal wireless communication technology,”
J. Korea Academia-Ind. Cooperation Soc., vol.
16, no. 12, pp. 8879-8888, 2015.

H. Moon, C. Kim, and W. Lee, “A uav based
3-D positioning framework for detecting
locations of buried persons in collapsed
Archives  of the
Photogrammetry, Remote Sensing & Spatial
Inf. Sci. 41, pp. 121-124, Prague, Czech
Republic, Jul. 2016.

S. Rosati, K. Kruzelecki, L. Traynard, and B.
Rimoldi, “Speed-aware routing for uav ad-hoc
networks,” IEEE GLOBECOM 2013, 4th Int.
IEEE Wksp. Wireless Networking & Control
Vehicles:
Architectures, Protocols and Appl, pp.
1367-1373, Atlanta, USA, Dec. 2013.

G. Wang and K. Yang, “A new approach to
using  RSS

measurements in wireless sensor networks,”

disaster  area,” Int.

for  Unmanned  Autonomous

sensor node localization
IEEE Trans. Wireless Commun., vol. 10, no.
5, pp. 1389-1395, May 2011.

I. F. Akyildiz, Z. Sun, and M. C. Vuran,
“Signal propagation techniques for wireless
underground ~ communication  networks,”
Physical Commun. J. (Elsevier), vol. 2, no. 3,
pp.- 167-183, Sept. 2009.

G. Shen, R. Zetik, and R. S. Thoma,
“Performance comparison of TOA and TDOA
based location estimation algorithms in LOS
environment,” in IEEE WPNC, pp. 71-178,

Hannover, Germany, Mar. 2008.

495

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-03 Vol.43 No.03

Z 1 Al (Kyusic Kang)

2016+ 2% c st 5}
5} spat

20165 9~ : ghefriEtaL
AR A
517

<ol

Machine Learning, Wireless

Localization,

Communication

Fo
gl

& M (Hyoun-Seok Moon)

2006 29 : S B5
T3} (FEAAD

200911 84 : AAElw E®
T3} (FEhhAh

20094  8¥~2011d 1%
Teesside University (UK),
CCIRATE] vead7<d

2012 2%~20131 149 : University of Michigan,
Post-Doc.

1996 34~dA : P77 EATD ICT§3HA T
& AT

<¥liel BIM, AR, 34, A3} nD
CAD, =&

496

0| £ Al (Woo-Sik Lee)

19979 29 AAElw B
Tt (FAAD

2002 249 A EE
Fshat (Fshatah

20021 8U~EA) : gAY
AT A

<IlEel 7143k, GIS, 2
AT g5

Z M 2 (Sunwoo Kim)
i 1999+ : FFesta Asg3,
st

2002\ : ¥|=F  University of
California, Santa Barbara,
AT, Ak

20054 : ¥|=F  University of
California, Santa Barbara,
A7) A5FE B, uha

2005'd~2A) : Ffehstan SRS s

<3A]Hol> Wireless Positioning System, GNSS

System, 5G Communication System.

www.dbpia.co.kr



	재난 환경에서 매몰자 구조를 위한 기압정보 기반 3차원 측위
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 수신신호세기를 이용한 3차원 공간 측위 기법
	Ⅳ. 기압정보를 활용한 측위 정확도 개선 기법
	Ⅴ. 시뮬레이션 결과
	Ⅵ. 결론
	References


