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Abstract

The CBS and the AEAS functionalities are defined in cellular systems and T-DMB systems, respectively. In the case that
communication facilities are disabled in indoor environments, it is impossible for the residents to receive the emergency messages.
In this paper, a novel collaborative technology of intelligent mobile robots is proposed, which relies on cooperative
communications among the intelligent mobile robots. In order to improve the performance, the intelligent mobile robots exploit

their location information. Simulation results confirm that the proposed method is very suitable for reliable emergency alert
broadcast.

Keyword : Collaborative Technology, Emergency Alert Broadcast, Intelligent Mobile Robot

a) A F gty A7) 758 584 (Department of Electrical and Computer Engineering, University of Seoul)
b) g 2H5 A1 - (ETRI)
¥ Corresponding Author : 734 7](Sekchin Chang)
E-mail: schang213@uos.ac.kr
Tel: +82-2-6490-2342
ORCID: https://orcid.org/0000-0003-1546-3799
#0] E=ES 2018 % MSAIHU S wuistEdArlo] st A AU
# This work was supported by the 2018 Research Fund of the University of Seoul.
+ Manuscript received March 16, 2019; Revised May 7, 2019; Accepted May 7, 2019.

Copyright © 2016 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



20199 5¢ (JBE Vol. 24, No. 3, May 2019)

5,

6 Wyt =R A24d A3

39

M E

1 ol Zt(encoder) 2} IMU(Inertial Mea-

o uy 3

©l 3} T-DMB(Terrestrial Digital Multime-
dia Broadcasting) AlZ=¥]2 A WAl A] Z}zZF CBS(Cell
Broadcast Service)2} AEAS(Automatic Emergency Alert

2~

o1EEA A

bl A9l 9148

g o3

]

x

=
[S)

surement Unit)

Bo

B

=
=

Service)

(source), TH

9
(destination) 2.2 A ¥

Mo

L=NIR
o =

o] A9 SAZIY WiFi

29

9] g o|(relay), T2 F

<A

&

= A wAA

B

=
T

o o] A% AW 87 AFA EE A

ol A3 127} 7Hg 7

glo] 15
ol BEE HH ol =

2]
=

S

°lF BH

& A5y

],

o AR Bho me £ 28l AL VeSS

7|

g olF X ¢

g o] ZEL Al(Artificial In-

LIS L

=%
[¢)

b1 f1stel A

3

S MU RS A&

=%
o

o] 7}

o~
T

=
=

telligence)

3t

A 2y Al Azl A

Alamouti 7|H& o|&

=0
=T

glo] =%

W

CBS HE+ AEAS

=0
=1

Zholl 243 AEA}

Mo

W

W

]

A
=2

}o] CBS/AEAS HA A&

= o]ds

el 54 7]
7 AEA

™
ol
o
&
W

el

™

ol

oo
of
i

o

W

oA AHE

=
=

il

1 At wlA1A]

5|

A

S 7% o)z

o o8 3%

[

of

1

H 13
N~ T

28 Qo) A% o Te} B A7

L
L

| o]

11 9

3

7 A wAA S

A 2

o
4o

%

X

Arollre A4 At ez

H
T

ol
%

g °lE

=
[¢)

SHAl Foh Al 2 A A

]

<
-

At wAAE

=

o 99 M

ol

il
hig

ol =

te)

Jo

= A

g B =FofA



AAR 9 191 AEA e AVAE UEE A8 A5Y olF 2R ¥4 W 397
(Sekchin Chang et al.: A Collaborative Technology of Intelligent Mobile Robots for Reliable Emergency Alert Broadcast)

I, MM s RHAE HE2 8 HY A AW oF ZRES AU T FYH] AT 2
7% w3te] g7 BAL 99 Lajo] EE FALL T
79 19 A58 o)F 23 ATLE 7% F(Base Station)

I9 12 AW A AR ] ARSS S8t Y= T-DMB #<&=0ll 4] W-3h= CBS/AEAS A HA]
of Ak A5y oy ZEES] PP FIE HAT 5 AE Falste] AW F7He] tE A5F olF EEECA
el 21538 ol ZES AU F2E YoM e AT A ¥ (rebroadcast) 3= Al°] E S ©](gateway) GES &
g olFy ZEEF] A4S A AT AT gt} v ettt I8 25 A E HE] AdEES s 18 19

CBS /AEAS messages

Intelligent maobile robots .-
(relays/destinations) )

Base Station /
T-DMB Station

Intelligent mobile robot
(source)

T 1. MU oM AR o] MRES 28t XISY 0IF 2REQ ¥Y 7=

Fig. 1. The collaborative structure of intelligent mobile robots for re-transmission of emergency alert broadcast in indoor environments
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Fig. 2. The gateway structure of the intelligent mobile-robot source for re-transmission of emergency alert broadcast




398 WEEEEE=EA A24A A3E, 20199 59 (JBE Vol. 24, No. 3, May 2019)

A olgd Asd ols BX AT AE] +2E
HolFErh 11 Alo]ESol= CBS/AEAS ZEEZ o|F
ERE 278 54 ZRESS P8k Ak B LA
o|E9o]= CBS/AEAS Z2EZ 3 olF 284 272 &
A ZR2EZ Abole] MBS 98l 3% A5 (common layer)
olggtt =, 119 29 AoESelE 1 FF AT
AHEEle o] FEAl 71X £ T-DMB W22 2
TG CBS/AEAS AR wAA S AW g1t F4E
A5 ols ZEEA AHE dch
32 ASE olF ZRE 19 Ade A AdE
v S HolErh I8 30l Aled olF 2

Jz

3

B2 218 CBS/AEAS At HIAIAIE AY] 37| A5
3 ol EZEEA A st AgEE Ad AR ¢
2ol ek A58 o5 ZEEL o] IFo &3
o FAl Adjst A 5Y olF REES FAIY IF9
&34 ok FAIY dFol &3 74 A5 ol RS
dyo] T2 2 FE 2R3 71 77k dElolgS A
gate] YEFAIS Feth 18 3b)e 18 32 §
Exo] 3 & HAY Yy o] 15S HoFrh HHE
AOZ At AR FAle] FFe FAIY o]F BES A
22 geo] 48 Fa sttt s FAle At 2
A ol BEZ AE F4E e Do) gl ARl
I 7P ke oS At §EEAS oA

—_—
rebroadcast / L
.
R :

\

\ }
Intteigent 3

Mobile robot -

(zource) /

(@

Ytk o] ¢ FAge o2 A1E
(18 3(b) FF]. 5 18 39 Ak W el
= 7

431 gl /b Yool

o T
gyo] 159 wiste $R aRHoR 3T+
o] §eFA A5e ==k
09 45 AYE FYEAL 9 A5 olF ZREY

Decode the received
CBS/AEAS message

— | Join the relay group

Y

Join the destination group

Using the location information,
Select the nearest 2 relays from
the latest relay group

!

Perform the cooperative
communications using
the selected relays

T2l 4. XA=H 0|E 2R2S0| HAEAIS o5t $8 HA}

Fig. 4. The procedure for cooperative communications of intelligent mo-
bile robots

relay destination

rebroadeast

1
/'l‘x
R
vy
N
A

Intelligent
Mobile robot
(zource) Y

)

T2l 3. XSE 0| BEE 70| HAUS 25t H[okEl HBEAl Bl

x~=2 - ==

Fig. 3. The proposed cooperative communications for the collaboration of intelligent mobile robots



[¢)

399

o 52 A4 A

=
=

}o] CRC(Cyclic Redundancy

9

]

T

[e)

3171

o CRC A3 Al A5

(Sekchin Chang et al.: A Collaborative Technology of Intelligent Mobile Robots for Reliable Emergency Alert Broadcast)

t}. A1¥ CBS/AEAS WA A A

s

3l CRC A3l Al A

1

o

S

hud

(<)

o]ﬁ

=

YA eI = =1
¥ A5FE 4
=

_‘{

S

o] el 7+

94
Check)

o T W o T Moy TRT TRFEFT KPR FA o dom 3
W OB KT o o N T o e WM T TR Mo R de T D
~ S 0 fu oy G+ o o Nz
N B M) o M RT o B oop o KT or o T EE TV d O oo
BBo NTNEME G T PorFrwdB e ro o Ww l
B Nz — x 2 = = = = = A e s < Em N 1 ox o
= 0 — N X o ; .
e N . RN A e TP w IR R
wq@r_'37ﬁ7‘olr.c1ﬂ%~u.hla\ﬂ% L]#"A._W_Ezleﬂ,l Mmq ﬂ,m.LéuATL_/l
WHJMM%%”ﬂ@%7 OA%&EW%MAMWMM%@%E
N X o o< o o B ml 2 wo WK o RORO
ﬂ%%%m .ol = X g B oo FmrNTBRRy T g T T
Eo =) ‘Ul e A_I — s el — T X OE :_o nm.o é,h
o Mu oo N o X o) = __._._L <) BE o K o W ooy W 4 ED O g o e
A W oK N o= K ol B g ~ or F oF Ty o, N H L 30 o
e 0 =) —_ SILI - ~ — dl ]yAO aﬂﬂul b\_
B ol B T e A SO R G I I
o R S I s Mo Mg y®E L Lee
oﬂ%ﬂoot]%%%“ﬂﬂocq = ﬂbc._oioiAﬂqwnaeA%ﬂATm_ﬂo o
Ao B R %N e g T o TMT g wa gt Y EE
Boxon NN e Ao o Jo T Do B Wy ot w oy P X
FHooMm BNy T RT g D Pl T H e B g & oo H LR
CL ull sl oA mo = N < = B2 o O
o_él__/la = ) o or R 7 om o T X Mo _doﬂ%muv o ‘NLMﬂ]uu ) :EmmM
Wb W AT o= T W ok T B 2 o T W doopue BN o o) R
Pod-= = B ol T o N W oo R T OW Ao MW o o MR
7o of Lo ~ ™ o “lﬂ Bo T ™ Mo | i A o e o Mo < Mo B rd ~ \LIE = Ho Mo
R I I R e i L TR R B T - R B
oM T e R oo W OBEH X KD ok my T YN T NE RS KM T
dIREEALT S S I A
o o T o B .. o3 o O S =g
MR R B o B @ s ¥ s |5 |8 &
<) mH U o T ode o % X0 o = = < ..M W SI—|2|5|8 = m
do o B W W o gy E LR ® g WA E|E |z -
—_ N wjy o X0 Dnna = a g ¢l Q o 8
o oy Moz o W urm7%w%)ml« neE o |g§° F £
BB I = o R = &2 o 52 %0 8 33 = &
ghMp fEPg w2 gy g we o % &
ey N S ~ &
e RGO AWomE SR g B8 e |8-|a|v|0] T of
Pwdw A RN ! =2 |2 |8 s
WOTMLNL@”OE&OC o Eom\m, = £ E |a ~
2 o of o) __ < O o AL, |8 Y
ﬂsfvﬁiwm%% M s BEq ~ %3 |2 2K
,.n,mOé]Dl.ﬁﬁ]LIA _.E Nty mH_n.w E._,UAI
B o N ol = 5 o) o 718 2 >
MER A I = %%ﬂ@m%m@ Y82 g o
ol oqﬁc._‘u__/l ommﬂl qﬂr = & = — €8 < —
—_ iy = —_ ) N < o —
S Py B o— Mo T R oar o WEE | B po °
E.#o]]__/l‘l_l]]‘mﬂ_]ll ;O‘IE._O LMﬂ _.T_o..ﬂn ey
CN R o <)o o L_o1ﬂo — N = W 7 @ ® ololo|o Jo T
o = ) HH — ©° < ~ S 22 2 N SF|o|® —
‘_&HEEJ-OWQEZ o X m_.o,dT MJOO oD < K Np
ROy oy o A mw 2 2 S oo w < 2 3 T
CIN < i oy o §= — % JoFE = o o
o_ﬂ_]xﬂﬂ?ﬂﬂu_ o] %ﬂﬂﬂPézoo _Am.m 2 —
Qb gy e R T 2. .o “58 | = B o
BB o % T o T BK ME 3 Ao




A RS PRSI glol A U B1 AR e
ol go] /15T & Yk wWebA] B Aol E dwAel
aEd Y 52 485 gtk 35 99 Ak o
e @4 fistel AwAe Sgslol ohd Al 43
o A AFAF BIFe A7t B B
o

2 1 2 # (References)

[1] M. Song, K. Jun, and S. Chang, “An efficient multiplexing method of
T-DMB and cell broadcast service in emergency alert systems,” IEEE
Trans. Consumer Electron., vol. 60, no. 4, pp. 549-557, Nov. 2014.

M. Song and S. Chang, "A delivery scheme of CBS alert message for

3G cellular phone in indoor environment," Proc. of 2013 Broadcast

[2]

A M A

o | [
- 19914 : TCHstm MARZS} BHAL
- 19931 : TCHstm MARZSHL} AAL

- 20004 ~ 20044 : Motorola A1Q104712
- 20044 ~

- FRRIE0F: 0|SSAl, MeEENS
o] 8 Hf
- 19934 : SI=EBLHstm SIMALZE SHAL
- - 19951 : S @astn MAZS AAL
i - 20074 : SIM|CHSH M7 |MARZSH BIAL
- =
—— - 1995 ~ BKj :

- 2009 ~ BRY

- 20014 : University of Texas at Austin Z7|
- 19934 ~ 1998 : SHIFMAISAIITE Moloirel

A MSAIRICHSIT MR 245
- ORCID : https://orcid.org/0000-0003-1546-3799

HS

(3]

(4]

(3]

(6]

(7]

o

E=]

=

Ol

AN R AN

SREREMATH YA 0/C0(HP4 O[Ciojot7ES ADIS0|CiojeiRIE I8

: IfEE | &SI SHICHSII(UST) ICT-EAI0IC|0{ 28 14
y - - FERIE0F: CX[EHST|E, AOIEDICI0)7]|E, MASEMEA|AH, loTSSAIAH
Ly

Engineering Summer Conf., June 2013.

J. Wang, Y. Wu, N. Yen, S. Guo, and Z, Cheng, “Big Data Analytics
for Emergency Communication Networks: A Survey,” IEEE
Communications Surveys & Tutorials, Vol. 18, No. 3, pp.1758-1778,
Mar. 2016.

W. Seo, K. Han, and K. Baek, “A Positioning Method using Bluetooth
and Odometry for a Mobile Robot,” Journal of Institute of Control,
Robotics and Systems, pp.53-59, vol. 23, no. 1, Jan. 2017.

A. Blestas, A. Khisti, A. Benyamin-Seeyar, D. P. Reed, and A. Lipman,
"A simple cooperative diversity based on network path selection,"
IEEE J. Sel. Areas Commun., vol. 24, no. 3, pp. 659-672, Mar. 2006.
IEEE Std 802.15.4: Wireless medium access control (MAC)and phys-
ical layer (PHY) specifications for low-rate wireless personal area net-
works (LR-WPANSs), 2003.

Joint Technical Commiteee of Committee T1 R1P1.4 and TIA
TR46.3.3/ TR45.4.4 on Wireless Access, Draft Final Report on RF
Channel Characterization, Paper No. JTC(AIR)/94.0.1.17-238R4, Jan.
17, 1994.




