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[Abstract]

Recently, people have come to enjoy using movies and music applications, such as YouTube, Netflix,
and Watcha Play, on their smart devices while riding public transportation. However, they sometimes miss
their destination stations because of these activities. Therefore, in this paper, we propose a disembarking
notification system for public city buses using smart devices and high frequencies generated via the buses’
speakers. The high frequencies are generated by the public buses’ station information broadcasters. Smart
devices then analyze the high-frequency signals with their inner microphones, and the proposed application
displays a disembarking notification to the user when the user’s destination or stop-over station’s signal is
the same. To evaluate this system’s performance, we tested 1,000 real-time disembarking notifications, and
the test results showed 98.9% accuracy. Moreover, we compared these results to those using only
OpenAPI, and our proposed system featured far better outcomes. Thus, this proposed notification system
can prove a useful technology for many people who often use public city buses, as it can notify specific
users of their destination stations. Furthermore, this system will become innovative technology for global

public transportation by informing users of their desired stations using speakers.
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ITII. A Disembarking Notification System
at Public City Bus
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Smart devices

(——[@ Sending the bus number ]

¥

|—-)[® Receiving station data of the bus ] I
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[@ Collecting of around sounds ]

—-)[@ Analysis from collecting sound ]

® High frequency | [

@ Confirmation of user stop stationl 3 | Disembarking ]
from the high frequency signal ) notification to user

Fig. 1. The flow of the disembarking notification system using smart device and high frequency



58 Journal of The Korea Society of Computer and Information

£ BHA 2 HA0] MFS =5, ADLE 7)7]= AlY
2 U35 AEsh(O) oid H29] FFA HolHE A

ADFE 7]7]= wAo] SR 9jx]et o]

R ofZ2OS ATE 7171e] U
clolaz 7 Ael, Qi 4, DRI Aol 52 st
WA s jETﬂ-oﬂ 57(1— 7]<j O}—]_H H]-_:_ﬂ} oH]—ﬂ OHEJ-
ot ez WAARITH®). At ofE2iAol
£ 3 54 oo nFaptut
L5 B0 1FIp} A A
© AFEAPF KA oj|A ol A =Aro]
U HARH®@). &, + ol %‘ilﬁ% 3% ool
A2 ARALA A 5A 02 shat e AYRITH®).
AMEA] A WE 42 U A4S Wi-Fi, LTES of
gsto] Auiol SAI5t0], oju ALgALO] WA xS mpot
571 %isll GPS Hlo|EE g A&t AHoixs sl
WS A olulAl, 7t BlA AR ol FRAE Als
2 AFBAL GPS Aol P 711e WA R olgg
AOLE 71710 Agetth olE S0 ARAPE A SIH
A 601779 JEsto] wiA WSS Ao, Fig. 29
o] 5l ¥lAe] wMES ADLE 7|2 Hed),

=2
@
I:3
>
Ir

2
m
>
2
)
1 -l; o
Eo[; |_"'l r
- E o
ko
rn
P~
o

I
2 X
ol
ol
=
@

L
ol
-
ball

4

AoM= 24

e A1 2

Incheon Airport & @é & ‘@“
Terminal 2 Terminal 1 & S &
6\3'0 @ ‘b‘QQ @0 \Q’
> s x
» ¥ ¥ e TR
& . D N COlt . :}Q‘
F PF FE ST o
S&°

& © o
6‘0 o%v ¢ @beo
P& T T & &
X
WPPF \'
&
8&
So
%\

Seoul National Univ. @

Fig. 2. The 6017 bus route received from server system

Fig. 20lM 9] AA| 77 7ie-e 167]01H, 24242 F7
Aol et o] g o Sy el Tt 15T Al
oF A2 18kHz ~ 20kHz oA 100kHz T2 270
5}0:] 7(]7(40}1:,} E} o} M]-J] _,—L_FJ_LP} 600HzZ o]Lﬂo] 74
% 2Pl ozt 9871 A7 4 97 wRo Fuka
7.2 600Hz o]4} xfo|2 £Ci14]. &, Aextat ujlst
ob #40] v Zxmk= “18.0kHz & 18.7kHz", “18.0kHz &
BkHz", ... ..., "19.3kHz & 20.0kHz 7}%] & 105 71|

|1

E

ot

& rr ri Ho r_t r

13} 0] 7] gt %o upAlZ 4 gk
Table 1. The matching with bus stations and a
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While(receive S¢) Do
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Fe«— FFT(Sy);
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sleep(m)
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END WHILE

Fig. 4. The pseudo code for detection a pair of high
frequencies matched with bus station
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IV. Experiments and Evaluation
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Fig. 5. Screen composition of the proposed application for disembarking at public city bus



60 Journal of The Korea Society of Computer and Information

FFT X2J3t 35S & 15kHz ~ 20kHz $9]S Jefjng 1
gstc}. T moA = 18.0kHz8} 18.9kHz7t YS3H U
B+ A & & on, o] Fig. 49] 4= IE 17
S A QBZ High Frequenciesol] 151} A5 ZHS
BAISH ©th. Fig. 59 Q%0 Ueihes &2 Hf
AEE AR 2 O g BRIshL loh

=

oGPS : AFEAL GPS 9| 3t
oHigh Frequencies : A& 1%
o Destination : AFEAP} A]
oNow station : ¢HJ] ¥F& pZxa} AlS9] Mt

ol =AX](Destination) Hofl HX]
SAP} IAS ARG 3 BAAIZ AL 1) AFGSR: 3
ol, ¥ HA| A| AHZRH FE T2 olig HAY A
Aol 2|AES wolzn, AR e stk daln
AR} 2|AEOA siAl K|oje AElsld, Fig. 50] %
A X](Destination) ofjjol] 31 =AX|7F Yeffal, Qhy
WS uan Al gho] SAR] gt AXE of Aot oflE
A1 AREALNAl SHAF dHE BAIRI AIQE o
2olie AHgAbt OE EHAS AgetL it
Hj7d @ & (Background mode)o|A] A| &A1 072 nant 4
Alg Astl, Age SAA] gt Ao SARE ARA
9 o AR =A dHE 272 d™(Local
notification) 0.2 Y&} AMRAN= T2 ZHAE AL
SIEl Soltete sl dd= EXlste] Tl ARt ofE2]
Aloldg Ad¥ste, Asg o At oE2jAlold Fig. 6

ot Zo] FAx|of| BAF ol dEh

WOl

Now this bus will approach at your destination

'_.- Incheon Airport
Terminal 1 (15)
£ Confirm
Get off now

Fig. 6. The screen of the proposed application when
bus is approaching the destination station

Fig. 6941 “Incheon Airport Terminal 1 (15)"7}
offl HA A&IARI 71 T HojRA| =0, ARSAN:
o] ddZ B EAXE AUR|A] 41 YiE 4 Qlt}. 1

i AREALE S5 & B E K &5
E}#A Fig. 69] 219l(Confirm) HES EJR|3H
WYHoR vA s A, SAAE Hestol

UYg w2 4 oA Bk

ol
==~
rlr

[~

a

o S:
ne
roh iy

o
ol

—_
ball

AN

ASt okZ 2| Ain} Al A 2ele] aby 2 9ay
2 AZS] U B ERdHE T TP 3
6017 MM A BEFSS TAMECEE) ~ 16W
(3% B0z stol ofZeAcld Yol 7t
QI 3R o152 st Ade At 1092 =
ASt00, IS AMAIS AOLE 7]7]o] At oS
2Pfole MRSt Aol AgE ATtE FPle

iPhone 8, iPhone 8+, iPhone X, Galaxy S10, Galaxy
S2002 717t 20y & 100hS ARgalon, MA Wb
o] ohid o vAput Mg SE5Y AuAe} ofE2i7|o]
de wEdat Wro) Anpig Fgelo] At A3YE
(JavaScript) 718t < ofZ2|7lo]ds 75t ARSI
ot A APiAbs “60177 MAQ] FHQ1 Agsty A
Ao A L& SRS shal, WA o] kg 9ix|of| A}
28 AR ggkon], nEm NES WS Arel
ES2 A9 54 AR viRlstT. 249 A=
SR AE FE FRPNN 3 WA o ke
£ stdon, WAk AIgeh SRR AT Ao oy
W4o0] g o SlAl 2ol & SAIsHAlE Selsleict

0|2 So] Fig. 2014 AAPT et ddojjA 21t

A
A g SR ARA A0 3 A of
Ag TRl AL o] Al 4 Lk 5, & A}

i
L
v 0

e to

rE o e
o

fot

3L
3
D)
(o]
)
)
e
ook
o M
[a)
o
we
o >
39,
T
>
re
e >
ook
lo

o2
Jjo
N
to
o
oz
N
(@]
to
ol
>
D)
s
o
o
>
ook
ol
on
=]
N
N,
> T

E r
>

>

o

ol

3@ !
0 o

of 78 100819 skat dd =
of & FE Mg At A4 Apache 2.2.14,
MySQL 5.1.39, PHP 5.2.122 A}&s}glom, slegol=
Intel(R) Core(TM) i5 CPU 750, 8G Ram2 AR5}tich
Fig. 72 4% ADIAISe] AULE 7] 2E v ok
Waat P WAk 150} A5 AAst] AHgAt]

A skt dee Wats] 294a A Jefmolct,

o
o
rlo

2

ol



A Disembarking Notification System in Public City Buses using Smart Device and High Frequency 61

100 100 100 100 100

Coung 99
96

i8 i8 iX iX G10G10G20G20

Fig. 7. The experiment result of disembarking notification
using smart device and high frequencies

i8+ i8+

Fig. 704 i8L iPhone 8, i8+= iPhone 8+, X+=
iPhone X, G10& Galaxy S10, G20& Galaxy S202 9]
olsto, 7} 7]7lo] BAIE A= A7 IRDE AR 2]
o 17} 2ol B243] H48 S22 el Jelck Fe
7014 5t} 1002] (100%) 7g<ts] st ¥d st A=

- lonf, 1ti9] AntE 71717} 999, 3ui7t 989, +
Hl XISt iPhone 8Rto] 968] AeHdS UERH Zg &
2ttt o] iPhone 80] TR 717]0] HI3l Zde/do] L;%f%

olgt o] e AWM} The AhRtEo] uls]
e AmAZRE FP o SIRl0] sises, ol
we} sy nREE AR 23] HEole} oy
mfat 2 ARl Aot ojZalFoldt A AlARIE

98.9%°] sHx} U IS Yerolct,

the APoR: "HA FRA Open API'E AFESh=
of=Za)Ao| Mt Aot BFHTte] u|w Al XIs¥stCh
71 ofZ2]#|0]49] Open APl 83} 1S sHIAL &

SHlo]E] 2 (http://data.go.kr)Q] "HAYRPHE £3]"
APIE AREsto] ofEe|Alo]d-E 7idsiRon, A A7t
x}.h 01—94 }\16‘-]1}- 5013} 0]9_:] %oeli} 7]7]§ 0]%5}91
ot 71717t S 5HA] 2A 584 F "oz o] 100
A 5L HAES ERY, S H2 7|E o Aol A
g2 Aot ofZe]Alo]d-S AHgoto] Ald
1008] A 5U7t Xlgst] o
Fig. 83} Zt}.

OpenAPI App.
100 94 98 97

= Proposed App.

10095 1004,

G20

i8 i8+ iX
Fig. 8. The comparison experiment result with the
proposed application and open API| application

G10

Fig. 8oll1 Aot W2 742+ 99, 100, 100, 100, 982
elgh ddg otol, B 99.4% BE=S UERRICE
iPhone 82] 9929} Galaxy S209] 988l A Foixprt
2mARRE 7PF © 2]l AL A0E 71719 o
O|Z5 Al 7H 15T} Ale g QIMSHA] 23197 T
of st LS SABIA G2 JOR ol dHr). T
Open APIZ 0|3t o Z2]7o|M2] 4L 97, 95, 96, 94,
979] 7t 4 S st Wt 95.8% =S HERAS]
D} HF22l 2ol 100% st UERA] o= o]

fri= HA9 o5k GPS 3t MHR x&H 0= A
5faL, 1 Hlo]ES 7155to] Open APIZ A& o H|o]
B2 7k =5 H7AY st @Rl Ao 9R] ke B R
ol At & Adsks 4ert o7 mizolet Az,

E U2 APORE Hof vl AgS AR T A0tE
7171 ZA7e] wiEe] Ang oAl E7gsiolct A AR
A 74 A0KE 7]719] wiEje]= 100% $AE 2t EoA

AlAFst o, BliEe] £72 wAo] 7t gl

| 8 =4
T 4915 S50 HiEg AR 54 "e‘adoﬂf\i% S
]_

oA} Tt ofd] 71A] ofZelol e
© Wi-Fi, GPS, 3}l 7] 278, 1 ulo] Al 5
of wfat 2 Aol 7o mheol, Adste F9
o o Ze}#old 2lo] e} ojZalAlo| Mol A1

= ~HAIs
%t Fig. 9= AQH p¥at Open APIZ 0] 83 o]
dfeje] &A% ZAvjolct.
Percentlzof(;fposed App. SOpenAPI App.
ol N 7T
80
60
40
20
0

2nd  3rd adfyount

Fig. 9. The comparison experiment result about battery
consumption

Start 1st

Fig. 9of|x{e} ZFo] A9t offZajAo]Ade ARt e 2}
3] 24 Al 9.2%, 10.4%, 11%, 9.2% w02 Zo] % 43
59t 39.8% HiE{2]7F AW E]Qict. YAl Open API of
2|Alol e 7t 3] EA A] 15.4%, 13.4%, 16.6%, 14.4%
oz %01 £ 43] =0} 59.8% HlE2)7F 42 it =

U =ARS 48851H= £0t Open API o Z2]7o]Mo] Aot



62  Journal of The Korea Society of Computer and Information

o Z2i7o1/d0]l ulsl 20% ol viEi2] Awrt go] &=
olf= sotelE 2ZoM AlFshke MM 2FE Open
APl GIo|E1 S R|&A 02 71K Q7] 93t LTES AR5},
72 HlolHE 7Hgsto] o] B2 A2]stHA viE 2]
AR Y W2 Zlog & 4 Qloh ety 927t Altet
15 A2 oF A SR AS £985he o E27lold

A BEHAES o]t 27E0A] AvlE 7]7]0] EE)
%2 27|71 Qofebe Holo] BxixlE AlUA|A] i stat

T 4 M LEE 4 Qe 78 7ol 2 ol

V. Conclusions

TFollM= ADRE 7]719) Wi ofo] 3.9t v o] d
mAo] ol S0l Arm A g st £
I Qlo] M2 o= ARAfA stAt 2 S 4
= ofEeAloldat A AJARLS AQbshit. 22]il
53l At ofZ2jA 010l AW SEH A o]E Al
‘_Lﬂg} S| 140} Als g o2 ARG AR o]
stof, AFEAP AAEH olo] E2a O Rt &
HE) LRI L Sk 2 25
At o 2iAlo A} Al Al A=l ARl o
7(]6}73, A 4 & UES o] &8st Al
T Qlcjets AFEAPL BhAtR ojgt
AFsle 983 ofeiAlold
e olq S AII2 g SR
S A 550 UFLE AulAd]
28T 2 ot Foj slo] @ Ho2 A5Y 4 9
% o = A B S olgatol Al FEu~
Aiet o) Alol i e ALgTt St 2
350 944g slelat Folc), gt
DA} AlE A7 OS] 1SS 915 J1E A1gEE
Wi-Fi BAZAE 7]%, 32 HolElel BA GPS AW 5
& MHE Z8e TIesS Al Y st M=
da2| 50t AU A A ARS TRt o= A SR &Y
NEEE 100% DI 4 U5 =BT Jolc} 121
B = RolME PRI wele 1FnE o) gl T
I, 7 chogst 8 L gl o3t Als Mol ey
TS W 4 oick webA ol Tt 27 AF U
A Aahy ol Bat g Al Aol

> re

Hi
e

|

oft
r>~

ol

2 oo
) _IR rulo rl

P

o

ofm
ol
==

o oo w
l‘l[‘ —JIN
r

o 32 ot €Y oX > o ro

22
s
r
L
b
i
ru\x

)
o
=2

°r
c

ACKNOWLEDGEMENT

This research project was supported in part by
the Ministry of Education under Basic Science
Research Program(NRF-2019R1H1A1079104,
NRF-2020R1F1A1048133), respectively.

REFERENCES

[1] H. Kasahara, M. Mori, M. Mukunoki, and M. Minoh, "Transport
ation mode annotation of tourist GPS trajectories under
environmental constraints," In Information and Communication
Technologies in Tourism 2015, pp. 523-535, December 2015. DOL:
10.1007/978-3-319-14343-9 38
[2] J. H. Park, S. H. Kang, and Y. G. Seo, "Advanced bus information
system using smart phone GPS," Journal of the Korea Society of
Computer and Information, Vol. 19, No. 12, pp. 247-255,
December 2014. DOI: 10.9708/jksci.2014.19.12.247
[3] Smarter Subway, loplatX, https://loplat.com/cases
[4] J. Y. Lee, Y. S. Ryu, and J. H. Hwang, "Development of guidance
app for public transportation," Journal of Digital Contents Society,
Vol. 18, No. 1, pp. 115-121, February 2017.
[5] Fahrplanauskunft and Routenplaner - nextstop.at, MobileCity,
http://www.nextstop.at
[6] OEBB, Scotty, http://www.oebb.at/de/Reiseplanung/
Fahrplanauskunft/Mobile Dienste/SCOTTY mobil/inde x.jsp
[7] Zervaas Enterprises, TransitTimes+ Trip Planner, http://transitti
mesapp.com/
[8] M. A. Ayob, M. N. F. Saaid, K. M. Dimyati, and K. A. Maarof,
"Destination alarm notification for public transportation passenger
using Geo-Fence in mobile App," In IOP Conference Series: Earth
and Environmental Science, Vol. 169, No. 1, pp. 012087, June
2018. DOI: 10.1088/1755-1315/169/1/012087
[9] B. Y. Low, S. H. Dahlan, and M. H. A. Wahab, "Real-time bus
location and arrival information system," Proceeding of the 2016
IEEE Conference on Wireless Sensors (ICWiSE), pp. 50-53,
October 2016. DOIL: 10.1109/ICWISE.2016.8187761
[10] M. You, and E. Rhee, "Smart bus system using BLE beacon
and computer vision," Journal of Institute of Korean Electrical
and Electronics Engineers, Vol. 22, No. 2, pp. 250-257, June
2018. DOI: 10.7471/ikeee.2018.22.2.250

[11] P. Bihler, P. Imhoff, and A. B. Cremers, "SmartGuide=A
smartphone museum guide with ultrasound control," Procedia
Computer Science, Vol. 5, pp. 586-592, 2011. DOI: 10.1016/j.pr
0cs.2011.07.076

[12] M. B. Chung, "Effective near advertisement transmission method



A Disembarking Notification System in Public City Buses using Smart Device and High Frequency 63

for smart-devices using inaudible high-frequencies," Multimedia
Tools and Applications, Vol. 75, No. 10, pp. 5871-5886, March
2015. DOIL: 10.1007/s11042-015-2553-1

[13] M. B. Chung, "Short distance data transmission method using
inaudible  high-frequencies ~ between  smart  devices,"
Telecommunication Systems, Vol. 70, No. 4, pp. 583-594, August
2018. DOI: 10.1007/s11235-018-0497-2

[14] J. B. Kim, J. E. Song, and M. K. Lee, "Authentication of a Smart
Phone User using Audio Frequency Analysis," Journal of Korea
Institute of Information Security and Cryptology, Vol. 22, No.
2, pp. 327-336, April 2012.

Authors

Myoungbeom Chung received the B.S., M.S.
and Ph.D. degrees in Dept. of Digital Media
from Soongsil University, Korea, in 2004,
2006 and 2010, respectively. Dr. Chung

worked on BK21 project as a post-doctoral

follow at the Soongsil University at Seoul, in 2010 and
2011. From 2012 to 2014, he was with the School of
Information and Communication Engineering, Sungkyunkwan
University (Korea). Since 2015, he is now an assistant
professor of Division of Computer Engineering, Sungkyul
University (Korea). His research interests include high
frequency communication, copyright protection technique,
mobile computing, mobile software development, audio signal

processing, and recommendation system.



